LARGE FOUNDATION DRILL RIG

Reference Manual

Abstract

The ADSC - The International Association of Foundation Drilling in association with the
NCCCO is proud to bring you this reference manual to assist you in your preparation for
the NCCCO Foundation Drill Rig Operator Certification Exam.

Special thanks go to the members of the NCCCO Foundation Drill Rig Task Force for
their cooperation in the development of this resource.

Rick Marshall

Director of Safety - ADSC
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Introduction

The term “Foundation Drill Rig” covers several differing types of machines for use in
the deep foundation construction industry. This guide is intended to cover those drill
rigs used in the excavation of drilled shafts, caissons, drilled piers, cast-in-drilled-

hole piles (CIDH piles) or Cast-in-Situ piles, and addresses many of the most common
hazards associated with mechanized drill rigs when they are used as intended by the

manufacturer.

See the following examples:

The vertical movement of
the rotary is impressed by a
winch.

lowering support
equipment for drilling or
excavating (tool, casing
pipes, rope grab, chisel)
and for casting
operations (cage,
casting pipe).

Machine set-up Description e, use S Ty;?e i
machine being used
*  Drilling of soil
The main winch must be
used only to lift, support
The machine is used to and lower the telescopic
perforate the soil, to create |rod and the tool.
foundation piles. The tools |The auxiliary winch
Equipment for piles | used can be the bucket or | must be used only for |<bucket
with crowd cylinder | the auger. lifting, supporting and |+auger
b The vertical movement of | lowering support
the rotary is impressed by a | equipment for drilling or
hydraulic cylinder. excavating (tool, casing
pipes, rope grab, chisel)
and for casting
operations (cage,
casting pipe).
*  Drilling of soil.
The main winch must be
used only to lift, support
The machine is used to and lower the telescopic
perforate the soil, to create |rod and the tool.
foundation piles. The tools |The auxiliary winch
Equipment for piles | used can be the bucket or |must be used only for |<bucket
with crowd winch the auger. lifting, supporting and |-auger




Machine set-up

Description

Intended use of the
machine

Type of tool
being used

J

CFA equipment

The machine is used to
perforate the soil and inject
the cement, to create
foundation piles. The tool
used is a continuous flight
auger (CFA).

*  Drilling of soil.
* Injection of the
concrete.

The main winch must be
used only to lift, support
and lower the rotary and
the continuous flight
auger.

The auxiliary winch
must be used only for
lifting, supporting and
lowering support
equipment for drilling or
excavating (tool, casing
pipes, rope grab, chisel)
and for casting
operations (cage,
casting pipe).

*continuous
flight auger

Equipment
“displacement”

The machine is used to
perforate the soil and inject
the cement, to create
foundation piles.

*  Drilling of soil.
» Injection of the
concrete.

The main winch must be
used only to lift, support
and lower the rotary and
the continuous flight
auger.

The auxiliary winch
must be used only for
lifting, supporting and
lowering support
equipment for drilling or
excavating (tool, casing
pipes, rope grab, chisel)
and for casting
operations (cage,
casting pipe).

*tool
“displacement”

Diaphgram wall
equipment

The machine is used to
excavate the soll, to create
diaphragms.

Excavation of the
soil.

*hydraulic grab




Definitions

Danger/Exclusion Zone: any area within and/or around a drill rig in which a person is
exposed to risk of injury or damage to health. For a drill rig, this means the area in
which a person can be reached by movement or the drill rig, its working devices, its
auxiliary equipment or swinging or falling material.

Working Area: an area near a drill rig where its tools and or material are moved to
carry out the installation of a drilled deep foundation element.

Exposed Person: a person who is wholly or partially in the danger zone

Operator: a person operating the drill rig. They may also be the driver of the rig if it
is a carrier mounted rig.

Stability Angle: the angle between the vertical plane, passing through the tipping
line and the plane passing through the center of gravity, and the tipping line. The
stability angle thus defines the tilt angle to overturning.

Tramming: traveling of a crawler mount drill rig on site.

Safety factor of rope: the ratio between the minimum breaking load of a rope by the
manufacturer, and the maximum pulling force of a rope on the first layer of a winch.



Project Planning

General

Planning and preparation should be done early in the development of each project
and include consultation with relevant participants such as the Owner, General
Contractor (GC), the Deep Foundation Contractor (DFC), along with overhead and
underground utility authorities, geotechnical consultants, structural engineering
consultants, and other relevant subcontractors. The deep foundation project should
be considered in its entirety, when considering how to control risks and how many
employees to engage.

Training of Employees

Employees of the Deep Foundation Contractor (DFC) must be informed and aware of
Occupational Health and Safety matters that directly affect them. This includes
identifying hazards and risks and determining risk controls. Employers should involve
all employees in the development of safe work procedures such as hazard
identification, risk assessment and risk control methods.

Site Management

Each employer on a given project needs to effectively manage the safety of their
employees, material, and equipment. These duties remain even when they overlap
with those of other employers.

For example, if a General Contractor (GC) has a supervisor on-site the Deep
Foundation Contractor (DFC) must still supervise their employees to ensure their work
is being done safely. Deep Foundation Contractor (DFC) employers should have
processes in place to effectively manage the work over which they have management
or control, including processes to ensure:

e site-specific safe work practices are developed for other tasks where there is
risk to employees or the public

e Job Hazard Analysis are developed for all deep foundation work

e employees are trained and knowledgeable of their assigned tasks and are
directly supervised by competent employees

e site conditions are monitored for known and potential risks

e employee health, safety, and welfare is monitored



Safety Management

The Owner and or General Contractor (GC), and Deep Foundation Contractor (DFC)
should consult on the deep foundation installation and agree on the responsibilities
for managing safety for each activity associated with the work. The Owner / General
Contractor (GC) should clearly identify who will be responsible for managing safety
for each of these activities and coordinate with the Deep Foundation Contractor (DFC)
to ensure the risks are effectively controlled.

Deep Foundation Contractors should develop plans and procedures to manage the
works and associated risks, including:

e internal and external vehicle or equipment traffic

e loading/unloading of equipment, cages and piles (designating ‘lay-down’ areas

for storage of materials)

maintenance and operation of the foundation drill rig

erection and disassembly of the foundation drill rig

high risk construction work (develop a site-specific safety plan)

operational safety and exclusion zones around foundation drill rig

access to and around the site to reposition the foundation drill rig

foundation drill rig working platform (design, certification and maintenance)

ground penetrations and pile holes (fall protection)

falls from height and falling objects

underground and overhead services (locating, marking, relocating, protecting

or isolating) emergency procedures

e the effects of the foundation drill rig working near buildings, structures, or
excavations

e movement of foundation drill rig into areas not visible to the operator

e protection of the public.

Deep Foundation Contractors should also consider how many suitably trained workers
they need to allocate for each activity.

Foundation Technique Selection

During the planning phase of the project, select the most appropriate foundation
technique for the site. When determining the technique consideration should be given
to all the site factors, including:

e requirements of the proposed structure and applied loadings

e ground conditions

e environmental factors, such as nuisance to the public, effect on wildlife and
their habitat, noise or vibration and waste products (i.e. drill spoil)

e site access, location and size



e proximity to existing assets, such as utilities, roads, railways and sensitive
structures

e ground contamination

e water table

A competent person should assess the suitability of a specific foundation drill rig for
the job.

Design of Working Platforms

A critical factor in any foundation technique is the surface required to support the
foundation drilling rig and ancillary equipment during operation or when moving about
the site is a safe working platform. A working platform is defined as the surface at a
construction site where deep foundation equipment operates. The working platform is
typically constructed from compacted soil, geotextile fabric, crushed rock, crane
mats or a combination of each.

Inadequate working platforms can cause foundation drill rigs to become unstable and
collapse with catastrophic results, including the potential for multiple deaths or
injuries to Deep Foundation Contractor (DFC) employees, other people onsite and
members of the public.

The Owner / General Contractor
(GC), Deep Foundation Contractor
(DFC) and other contractors must
ensure the working platform is
adequate, as all have legal duties

/U
\\\>\\‘m associated with providing a safe

VIS . 4 workplace. During the planning
phase consult and agree on the

minimum design requirements for
the platform and ensure a
competent person (e.g. a
geotechnical engineer) designs
Example of a poor working platform the working platform.

NN

A key factor of platform design is the maximum bearing pressure generated by the
foundation drill rig or ancillary equipment. The Deep Foundation Contractor (DFC)
must provide this information and other relevant equipment specifications to ensure a
suitable platform is designed.

Equipment bearing pressure calculations should be based on those experienced during

operational activities, rather than weight to track area that can be significantly lower
than those experienced during operation.
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Provide the operator with a copy of the working platform approval document, prior to
the foundation drill rig accessing the platform. The operator should review and keep
the approval, so it is readily available throughout works.

Before using another rig, other than the one designed for that platform, verify the rig
is suitable for the platform. Due to weight to track area ratios, smaller rigs may have
higher bearing pressures than larger rigs.

Ensure no Deep Foundation Contractor (DFC) works occur in areas where other site
activities (e.g. trenching) have affected the integrity of the platform. Deep
Foundation work can only occur in the affected area when the platform has been fully
reinstated and approved for use by a competent person.

The working platform should be monitored and maintained for the duration of the
deep foundation work to ensure it does not deteriorate and continues to function as
originally designed.

Communication
Communication between ground personnel, the rig operator, supervisors and other
employees is essential and may include:

e Non-verbal - visual signals or audible signals (e.g. whistles) that cover the
foundation drill rig functions. If using hand signals and ground personnel are
out of view of the operator, they should be aided by an offsider (assistant or
helper) to relay directions.

e Verbal - standard operational phrases or the optional use of a dedicated two-
way radio system.

11



General Requirements for Foundation Drill Rigs

Operator Training Requirements

If an employee is operating a drill rig, the employee shall have a certificate of
qualification or written proof of training. The training program shall include
instruction on: the relevant requirements of applicable safety regulations; the drill rig
manufacturer’s operating manual; safe work practices; communications and signals;
pre-operational inspections and checks; site assessment; drill rig set-up, securing and
operation; and equipment maintenance.

Intended Use of the Foundation Drill Rig

Ergonomics

The drill rig shall be designed according to ergonomic principles to avoid fatigue and
stress on the operator. Consideration shall be given to the fact that operators may
wear heavy gloves, footwear and other personal protection equipment.

Hot & Cold Surfaces and Sharp Edges
Where there is a risk of human contact with hot or cold surfaces, such surfaces shall
be protected by guards or cover.

Ventilating Ports
The mechanical ventilation and the cooling ports shall be provided with grills or
similar devices to prevent fingers and limbs from reaching the moving components

Hoses, Pipes and Fittings Under Pressure
Pipes, hoses, and fittings shall be able to withstand the stresses from the pressure
within. The hoses shall be marked with the rated working pressure.

Where there is a risk that a rupture of a hose or pipe at the operator’s position could
cause hazard to the operator, the hoses and pipes in this area shall be provided with

protective guards.

Flushing hoses, such as air, grout and mud hoses, shall be secured against freeing
themselves, by means of adequate restraints.

12



Handling of the Drill Rig and Its Parts

Installing the crawler side frame

Fig. 1194: Positioning the crawler side frame
1  Crawler side frame

P Position crawler side frame with sufficient distance 1 in front of carrier machine.

Fig. 1195: Positioning the crawler side frame on undercarriage

1 Crawler side frame 4 Shackle (2x)
2  Crossbar (2x) 5 Rigging
3 Frontrigging point (2x) 6  Crawler side frame pivot point (2x)
Name Value
a Pivot angle 20°
20°

There are
manufacturer
defined lifting
points of devices for
lifting the whole or
parts of the drill
rig. They may also
be used for holding
and securing the
machine during
transport. Lifting
points shall be
clearly marked.

Components and
parts of a drill rig
which require it to
be manually
handled shall be
designed in such a
way as to allow safe
manual handling.

If the weight and/or
a form of
components prevent
safe manual
handling, they shall
be so designed by
the manufacturer
that lifting
hardware can be
safely used.

13



Access to Operating Positions and Servicing Points

Stairs, ladders, catwalks, footsteps,
hand holds, support handles, guard
rails, etc. shall be provided to allow
access in safety to all areas for
normal operation, adjustment and
maintenance.

When doors, windows and flaps are
designed to open and close freely, it
shall be possible to secure them in
both closed and open positions.

Isolation of Energy Sources

Drill rigs supplied with external energy shall be fitted with means to isolate them
from all energy sources. Such devices shall be clearly identified, and it shall be
possible to lock them if reconnection could endanger exposed persons.

After the energy is shut off, it shall be possible to dissipate any energy remaining or
stored in the circuits of the drill rig without risk to exposed persons.

As an exception from the above requirements, certain circuits may remain connected
to their energy sources, e.g. to hold parts in position, to protect information, to
provide interior lighting.

Driving, Tramming and Operating Position

The driving, tramming and operating position(s) shall be designed and constructed so
that all maneuvers necessary for the driving and operation of the drill rig can be
performed by the operator from the driving and/or operating position(s) without risk
to himself or to other persons in vicinity of the rig.

14



Operator’s Position

Drill rigs shall be provided with a cab to protect the operator against noise, dust and
adverse weather conditions. There may however be types of drill rigs or operating
conditions where it would not be appropriate or possible to provide a cab.

Drill rigs shall be designed for and fitted with Falling Object Protective Structure
(FOPS) if they are specified for use in applications where there is a risk of rock fall.

Consideration shall also be given to protection against horizontally ejected objects,
e.g. in the case of auger and pile drilling.

The cab shall provide the following:

e Ventilation with adequate dust filtration where necessary and where
applicable, heating and/or cooling.

e Protection against noise.

e Isolation against vibration of the floor.

e An emergency exit, e.g. in the form of knock-out windows or knock-out panels,
on a different side of the cab from that where the normal exit is situated of
provision of tools for breaking the window.

e A seat, unless the operator must work in the standing position. The seat shall
provide the operator with a comfortable and stable working position and shall
be easily adaptable to operators of different weight and height. The seat shall
be designed to reduce vibrations transmitted to the operator to the lowest
level that can be reasonably achieved.

e A windscreen cleaning device.

e Transparent panels of doors and windows shall be made of laminated safety
glass or equivalent material.

15



Controls, Functions, Systems

Starting

Starting of the drill rig’s main power source shall only be possible by an intentional
actuation of the starting control device. This shall also apply after a stop from

whatever cause.

Unauthorized starting shall be prevented by the provision of suitable safeguards, e.g.
lockable cab, lockable starting switch or lockable electric isolator switch.

If the drill rig has several starting controls, they shall be interlocked so that starting
can only be carried out from one of the starting controls.

Stopping
Normal Stopping

The drill rig shall be fitted with a stopping device by which drilling is brought safely to

a complete stop.

Emergency Stops

F-7.2 EMERGENCY STOP

In an emergency, stop the machine using the nearest

mushroom-head stop button.

Below is a list of the emergency stop devices

installed on the machine:

A) Emergency stop button in the driving cab; press
to stop the machine.

F-7.21 RESETTING AN EMERGENCY
DEVICE

Emergency stop button

+ Once you have found and eliminated the cause
of the emergency, unlock the emergency stop
button before re-starting the machine.

* Restart the machine following the procedure
explained in chap. F-6).

iz

L

In order that an actual or
impending danger be averted
quickly, emergency stops shall
be provided. They shall stop all
dangerous movements as quickly
as possible to prevent a
dangerous situation developing
without creating an additional
hazard. At every operating or
driving position there shall be an
emergency stop.

The emergency stop devices

shall be placed within easy reach of the operator. The emergency stop shall, after
actuation, remain engaged until manually reset. This manual resetting shall not start
the machine but only permit restarting by the normal starting procedures.

16



Failure of the Power Supply

An interruption of the power supply and a re-establishment after an interruption shall
not lead to a dangerous situation, in particular:

e It shall only be possible to restart a drill rig by an intentional action;

e The drill rig shall not be prevented from stopping if the stop command has
been given;

e No part of the machine or a tool shall fall or be ejected;

e Stopping, automatic or manual, or moving parts shall be unimpeded;

e Guards and other protective devices shall remain effective.

A power failure of a hydraulic or pneumatic pressure drop shall not cause any
dangerous movements or actions. Such failures shall not stop the emergency stop
systems from functioning.

Failure in a Control Circuit

A failure in the control circuit logic or in a control circuit shall not lead to a
dangerous situation. The same safety requirements as stated above shall be fulfilled.

17



Control Devices

General
Control devices shall be marked without ambiguity in accordance with relevant
standards and positioned for safe, quick and comfortable operation.

EXTEND MAIN CAB

(2 A
@%

EXTEND PULLSOWN CYLINDER

Control devices
shall be
designed so
that their
movement is
consistent with
their effect. All
controls, other

ROTARY ROTARY COUNTER
SWING LEFT @ Shom CLOCKWISE CLOCKWISE than those
HETRAGE SRAR GABLE RETRACT PULL;OWN CYLINDER which control
continuous
operations e.g.
drilling and
JOYSTICK “A” FUNCTIONS: JOYSTICK “B” FUNCTIONS: ;
1 - Not Used 5 - Auto level casing .
2 - Hom 6 - Not Used operations,
3 - Return to Center 7 - Rotary Speed Gear Down
4 - Main Winch Low Gear 8 - Rotary Speed Gear Up shall be of
9 - Power Shift Spin Off hold-to-run
type.

Controls for an excavator mount drill rig
Control devices shall:

e When they are primary importance be within comfortable reach;
e When they are of secondary importance, be within normal reach;
e Where possible, be located outside the danger zone.

Where there is more than one operator’s position (i.e. remote control), the drill rig
shall be provided with a mode selector to intentionally select the control position
which shall be used.

Many modern Foundation Drill Rigs are equipped with a computer system which may
monitor or control the operations of the drill rig functions. The monitor screens can
be confusing at first, so the operator must familiarize themselves with the computer
system.

18
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Stability

General Stability Criteria

Drill rigs shall be so designed and constructed that they are sufficiently stable under
the intended operating conditions, e.g. transport, tramming, parking and drilling and
that there is no risk of overturning and falling. The stability shall be verified by

calculation.
D
H
C
F

[

N

“G” is 10 degrees or less

The stability angles listed within
the manufacturer’s operators
manual shall not be exceeded in
any direction when tramming,
drilling, or any other conditions.

When the drill rig is intended to
work, tram or be parked on a
plane deviating from the
horizontal, the verification of
stability shall include the
maximum allowed slope angle
under the most unfavorable
conditions as specified and stated
in the operator’s instructions.

Instructions on stability and other
essential restrictions of use
which are of immediate
importance shall be given on
signs clearly visible at the

operator’s position, e.g. maximum allowed gradient angle for slopes when tramming

or drilling.

Detailed instructions regarding the restrictions and special measures to be taken when
drilling, tramming or parking shall be given in the operator’s manual.

Weights and positions of centers of gravity of single parts of the drill rig including the
base machine, which have a significant effect on the stability and which are input
data for the stability calculation, shall be verified by calculation and/or weighing.

The calculation shall be based on the drill rig standing on a firm plane with a mast
inclination as specified and stated in the operator’s instructions and for the tipping

line giving the lowest stability.
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Dynamic Forces
For drill rigs having a rotating superstructure, the centrifugal force which acts on the
center of gravity of the rotating masses, shall be considered in the calculation of

stability.

Wind Force

The wind force shall be considered in the stability
calculation. The wind force shall be assumed to act on
the drill rig, including stacked drill rods and other
equipment, adding to the overturning moment.

Other Working Forces

Other working forces that can influence the stability shall be considered when
calculating the stability e.g.:

The winch force between
drill mast and drilling tool
in the bore hole. The drill
string and tool shall not be
regarded as a support
when only a rope is being
used for pulling up the
drilling tool.

In the case of drilling
down, the drill string may
be considered as support.

In case of upwards drilling
it shall be checked that
the available feed forces
do not make the rear part
of the drill rig lift.

F-10 GENERAL LIMITS OF USE

A DANGER

Tramming a machine in work configuration
without extending the crawler frames is
expressly forbidden.

A DANGER

Lifting the mast without extending the crawler
frames is expressly forbidden.

A DANGER

Operating the machine without extending the
crawler frames is expressly forbidden.

F-10.1 FORBIDDEN MANOEUVRES

F=10.1.1 DURING DRILLING

During drilling or when the drilling equipment is
inside the borehole, it is forbidden to:

« operate the travel controls

+ move the parallelogram linkage

« move the guiding mast.

A WARNING

These operations may cause a hole deviation and
result in damage to the machine or the drilling
equipment.

F-10.1.2 DURING EXTRACTION
During extraction, it is forbidden to:
« operate the travel controls

« move the parallelogram linkage
« move the guiding mast.

DANGER

Using the positioning structures as force
elements may cause damage and serious
injury.

Parallelogram linkage and mast cylinders are
intended solely for positioning. They must not
be used as force elements (for example, for
driving, extraction or similar purposes).

>
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Operating Conditions
Conditions that can affect foundation drill rig stability may include:

e Mast extensions, service platforms, grout tubes / feed extension in advanced
positions;

e Steering turned in the extreme and most unfavorable position (articulated
carrier);

e Mast at the utmost front upward position and maximum forward mast
inclination;

e Attachments at their highest position;

e Most unfavorable choice of tipping line;

¢ Wind coming from the most unfavorable direction;

e Centrifugal force applied to the super structure;

e Maximum pulling force on the rope suspended tool in the bore hole.

5.7 MAST REPOSITIONING

WARNING!

DO NOT not exceed the rig's capacity:
See chapter "Stability" and observe there the degrees of mast inclina-

tion permitted in drilling operation in correlation with the resulting
loads.

WARNING!

During drilling operation - and especially so in casing applications -
it is important to watch on the display the degrees of mast angle:
Whenever the mast displaces, due to the forces, it must be reposi-
tioned to the original value by means of the backstay cylinder control
buttons (found on the control panel). The mast must be parallel to the
drilling axis at all times.




System for the Measurement of Inclination

For checking stability under tramming condition and while working, the drill rig shall
be equipped with a simple system for measuring such as a bubble level or a pendulum
system for measuring inclination. The measuring system shall show the operator the

Fig. 1435: Mechanical inclinometer

actual absolute forward,
backward and lateral
inclination of the drill
mast (when this is
relevant to the stability).
If major parts of the drill
rig can be moved
horizontally and this
influences the stability,
the operator shall be
able to determine the
position of these parts
from the operator’s
position.

23



Stability of Truck and Trailer Mounted Drill Rigs

General

Rear A-Frame Front A-Frame
Outriggers Outriggers

In addition to the above-mentioned
criteria the following shall be
considered. When a drill rig and its
auxiliary equipment is mounted on a
truck or trailer chassis, the weight
distribution, the axis and tire
loading shall be within the limits
specified by the vehicle
manufacturer.

Consideration shall be given to the
effect of the vehicle suspension.

cavities, or drain covers

Do not set stabilizers over underground hazards,

Max 5°

! 0 TR,

Correct Blockiné o
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Drill Rig Brakes

Wheel Mounted Brakes General

It shall be possible to slow down, stop and hold at rest self-propelled rigs to ensure
safety under all conditions of service, speed, ground conditions and gradients as specified
by the manufacturer.

Braking systems may use common components, however in the case of a failure of any
single component other than a tire; the braking system shall be capable of bringing the
drill rig to a halt in accordance with the performance requirements specified for the
secondary braking system.

It shall not be possible from the operator’s position to disconnect the brakes from the
wheels or tracks.

Where the operation of the service braking system depends on accumulated hydraulic or
pneumatic energy and in case the power source becomes inoperative, the system shall
be capable of sustaining at least five consecutive applications of the brakes. On the
fifth application the brake performance snail not be less than that specified for the
secondary braking system.

Where braking systems use an energy reservoir, a pressure gauge shall be located in the
driver's field of vision. The minimum pressure required shall be marked on the pressure
gauge. Alternatively, a warning device may be provided.

A drill rig, which has any type of remote control for moving, shall be so designed that in

case the driver should lose control for any reason, the machine shall stop
automatically.

For truck, tractor and trailer mounted drill rigs the relevant road traffic regulations
regarding the vehicle brakes apply.

General Braking Requirements for Wheel Mounted Drill Rigs
Wheel mounted drill rigs shall be equipped with:

e A service braking system
e A secondary braking system
e A parking braking system

Pneumatic and hydraulic braking systems shall be designed as dual circuit systems
such that at least two wheels on opposite sides of the vehicle are braked in the event
of a leak.
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Provisions for examining brake wear and brake fluid level in any reservoir shall be made.

Service Braking System for Wheel Mounted Drill Rigs

The service braking system shall give a braking force, in N, equivalent to not less than
35% of the maximum drill rig mass.

In addition to this requirement, the service brake system shall be capable of retarding
the drill rig with at least 1 m/s? on the maximum permitted gradient as specified by
the manufacturer.

For drill rigs with hydrostatic transmission, service braking action may be performed
by means of the hydrostatic transmission if the performance requirements given above
are fulfilled.

The service brake shall be resistant to fade due to heat

Secondary Braking System for Wheel Mounted Drill Rigs

A secondary braking system shall be provided to stop the drill rig in any condition of
service, speed, ground and gradient as specified by the manufacturer, in the event of
any failure in the service braking system.

In addition to this requirement, the secondary brake system shall be capable of
retarding the drill rig with at least 1 m/s? on the maximum permitted gradient as
specified by the manufacturer. To achieve this brake force, the parking brake may be
used in addition.

For drill rigs with a hydrostatic service brake, the secondary braking system shall also
achieve independently the braking performance specified in the service brake.

Inspections and Maintenance - Highway Travel
It is important to ensure vehicles are road worthy before using them on public
roadways or project sites. Federal, state, and local laws require that vehicles be

properly maintained and safe to operate upon our highways. It is the responsibility of
the owner or operator to ensure that:

e All drivers are properly licensed for the equipment that they are to be driving
and that they are trained in safe driving procedures.
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e Equipment is inspected prior to being moved and any deficiencies corrected
prior to moving the equipment.
e Complete annual inspections of vehicles are performed.

Regulations require that no motor vehicle be driven unless the driver has satisfied
themselves that the following parts and accessories are in good working order, nor
will any driver fail to use or make use of such parts and accessories when and as
needed:

Service brakes, including trailer brake connections
Parking (hand) brake

Steering mechanism

Lighting devices and reflectors

Tires

Horn

Windshield wiper or wipers

Rear-vision mirror or mirrors

Coupling devices

Seat belts

Parking Braking System for Wheel and Crawler Mounted Drill Rigs

A purely mechanical parking braking system for holding machines in a stationary position
shall be provided.

The parking braking system shall be able to hold the drilling on the steepest slope it can
operate on, up to a maximum of 20°, according to the manufacturer’s specification
with a safety factor of 1.2.

Service Braking Systems on Crawler Mounted Drill Rigs

Crawler drill rigs shall have either a service and secondary braking system, or two
service breaks, one on each track. These shall be controlled individually e.g. by two
separate control systems, one on each track. The braking system may be combined
with the steering system.

One of the two fully independent braking systems is accepted as the secondary braking
system in case of failure of the other brake.

The parking brake may be the same brake as the service brake if it is mechanically
spring loaded for automatic braking action in case of loss of power supply.
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Braking Systems for "Skid Steer” Wheel Mounted Drill Rigs

For skid steer chassis the same rules as for crawler mounted drill rigs shall apply.
Braking action shall be possible on all wheels.
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Protection Against Moving Parts

General

The moving parts of a drill rig shall be designed, built and laid out to avoid hazards.

Transmission Parts

Rotating transmission parts such as drive shafts, couplings, belt drives, which are within
reach of personnel, shall be provided with guards to prevent contact. Guards shall be
of robust construction and securely held in place. Fixed guards shall be used when
access is rarely necessary and be held in position either by welding or by mounting
them in such a way that they can be opened or removed only with the aid of tools or
keys.

When frequent access is required for service or maintenance purposes, moveable guards
may be fitted. They shall fulfill the following requirements:

e Whenever possible they shall remain fixed to the machine when open.
e They shall be fitted with a system supporting them in the open position.

Compartments containing internal combustion engines shall be lockable. Movable
covers, preventing access to such compartments need to have locking devices to
prevent unauthorized access.

Drill Rigs with Rotating Superstructure

The danger zone of the drill rig shall be a restricted
access area when drilling and turning the
superstructure of the drill rig.

The drill rig shall be provided with warning signs
located on the counterweights, or most rearward
part of the machine.
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Electric Power Installation
An earth fault protection system shall be provided for electrically powered drill rigs.

Battery Installation

The batteries shall be provided with lifting points and be firmly attached to their
location. There shall be no risk of electrolyte splashing persons and surrounding
equipment. The terminals shall be protected from contact, and an isolator switch shall
be fitted in the circuit.

Batteries and/or battery locations shall be designhed or covered so that there is no risk to
the operator caused by battery electrolyte or vapors even in the event of overturning
of the drill rig.

Hydraulic Systems

Hydraulic cylinders used for erection and lifting shall be fitted with load sustaining
devices mounted on the cylinder and shall be self-bleeding or fitted with an air bleed
point at the highest point.

Flexible hydraulic hoses intended for pressures higher than 15 MPa shall be fitted with
swaged fittings.

Hydraulic hoses and pipes shall be separated from electric power wiring and be guarded
against hot surfaces and sharp edges.

Pipes and hoses which must be disconnected in operation shall be fitted with self-
sealing couplings with built-in check valves. Couplings shall be marked to ensure
correct reconnection.

Leaks in the hydraulic system are often
not visible. Therefore, it is adviseable to
use a piece of cardboard or wood (see
fig.) when looking for leaks. Be sure to
wear gloves when you do so.
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The tanks for hydraulic fluid shall be fitted with level indicators. The filling point of
the tank shall be so designed that overflow is prevented when working on any gradient for
which the drill rig is designed.

A temperature gauge or a monitor, which gives a warning signal if the allowed
temperature is exceeded, shall be provided.
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Draw-Works, Winches and Ropes

General

Winches, ropes and sheaves for lifting which are integral parts of the drill rig.

Such systems are:

¢ Systems running drill rods, chisels, Kelly bars, continuous flight auger, jet grout
stems, hammer grabs and other impact tools, by free fall, controlled free fall or

powered lowering.

e Systems running drill rods, casings, tools and other accessories in and out of the

bore hole.
o Cable feed systems.

e Any other system using winches, ropes and sheaves for any purpose other than

lifting goods and personnel.

F-11.3 USE OF THE MAIN WINCH

A WARNING

Prior to using the main winch, ensure that the
undercarriage track gauge has been extended.

The main winch (and the relevant rope) is intended
solely for handling the drilling equipment.

A WARNING
Any other use of the main winch is strictly prohibited.

A WARNING

Make sure that during normal use at least 3 wraps
of rope are wound on the winch drum.

F-11.4 UNDERCARRIAGE POSITION DURING
MACHINE OPERATION

Generally speaking it is always advisable to
operate with the machine positioned so that the
undercarriage final drives are rearmost in relation to
the work face.

This position is more intuitive for the operator as
far as the travel controls of the undercarriage are
concerned, and puts less strain on the track chain/
toothed wheel assembly.

The opposite situation - i.e. final drives at the front,
should only be adopted to travel on exceptionally
steep slopes.

A WARNING

In this last case, we recommend contacting
SOILMEC After-Sales Dept. for the necessary
instructions.
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Safety Requirements
Rope safety factors:

e For running ropes in the normal operating case: 3.5 to 1
e For pendant ropes: 5 to 1

All pulley assemblies shall be provided with devices preventing the rope from
disengaging.

There shall always remain at least three wraps of rope on the winch drum. The rope
fastening on the drum, shall be such that the fastening strength is at least 70% of the
maximum allowed rope load.

The maximum line pull on the first rope layer of the draw-works/winch shall be
indicated on the data plate of the winch.

Draw works and winches shall be equipped with:

e A service brake system
e A holding break system

The holding break systems shall act automatically and prevent an unintentional
running back of the load if the winch control levers are not actuated or in the case of
failure of the energy supply.

Both brake systems shall each hold a minimum of 1.3 times maximum allowed line pull.
The service brake shall enable the operator to retard and stop a descending load
smoothly.

If the service brake is coupled to the winch or draw-work by means of a disengage-able
clutch, a device shall be installed; which is visible to the operator and indicates whether
the clutch is engaged or not.

If an electrical eddy-current brake or a fluid fly-wheel brake is fitted as the service
brake, all information necessary for the operation, for example rotational speed,
temperature, water flow rate, operating voltage, shall be indicated within the view of
the winch operator.

Winches or draw-works having an influence on stability shall have a measuring system

indicating the actual line pull of the rope or the hook load. A capacity table visible to
the operator shall show the allowed line pull.
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Draw-works or drill mast winches shall have a limiting device stopping the lifting
movement by influencing the winch control, before the mechanical end position is
reached. For winches with a capacity equal to or less than 20 kN a mechanical limit
stopping device without influence on the winch control is sufficient.

Activation of the free-fall function of the winch shall only be possible by actuation of
two independent controls simultaneously. Both controls shall be of the hold-to-run

type.

When a winch is designed for several functions, including a free fall function, a key
operated control shall be additionally fitted, which allows the free fall function to be
operated.

Inspection

A competent person must conduct a documented visual wire rope inspection prior to
each shift the equipment is used. The inspection must consist of observation of wire
ropes (running and standing) that are likely to be in use during the shift for apparent
deficiencies such as significant distortion of the wire rope structure such as kinking,
crushing, unstranding, birdcaging, signs of core failure or steel core protrusion
between the outer strands, significant corrosion, electric arc damage (from a source
other than power lines) or heat damage, improperly applied end connection, or
significantly corroded, cracked, bent, or worn end connections (such as from severe
service).

In running wire ropes: Six randomly distributed broken wires in one rope lay or three
broken wires in one strand in one rope lay. A rope lay is the length along the rope in
which one strand makes a complete revolution around the rope.

In rotation resistant ropes: Two randomly distributed broken wires in six rope
diameters or four randomly distributed broken wires in 30 rope diameters.

In pendants or standing wire ropes: More than two broken wires in one rope lay
located in rope beyond end connections and/or more than one broken wire in a rope
lay located at an end connection.

If the defects noted are found, then the wire rope must be repaired or replaced as
required by the manufacturer of the foundation drill rig.
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Warning Devices

Warning devices such as signals, etc. shall be unambiguous and easily perceived. The
operator shall have the facility to check the operation of all essential warning devices
at all times.

There shall be a manually operated, audible alert signal to warn personnel in the
working area of impending danger. It shall be possible to operate the audible warning for
each driving or operating position including (if applicable) a remotely situated monitoring
position. There shall also be an automatic, audible or visual warning signal given when
reversing.

Set-up and Operation

Location

After consulting with the Owner / General Contractor (GC), the Deep Foundation
Contractor (DFC) should ensure the location selected for the equipment set-up is
suitable, considering whether:

e the area is accessible, and any slopes are within the operating capacity of the
equipment;

e the surface is firm, able to support the weight of the operating foundation
drilling equipment;

e the area is clear from obstructions and excavations;

e the equipment can be operated without encroaching the ‘no-go zone’ areas
near overhead powerlines;

e underground services or buried structures are identified;

e an effective operational safety zone can be established;

e any public protection needs to be implemented.

Locating Underground Utilities

1. The Deep Foundation Contractor (DFC) must be aware of all services that may
affect the work or that maybe located in the work zone and have a valid copy of all
locates.

2. Locates shall be obtained prior to commencement of drilling by contacting the
utility locate service (contact information varies) and additionally any utility owner
that is not associated with a one call system. Locates may only valid for a specified
amount of time from the date of issue. Always refer to the special instructions section
of the utility locates for further instruction from the utility owner.

36



3. Proof that locates were
Red - Electricity completed are required on site
for the duration of the project.

Yellow - Gas, Oil, Steam, Chemical

—— 4. Clearly marked stakes, flags
Orange - Communication, CATV or paint will indicate the

-. Blue - Water location of various underground

utilities.
Green - Sewer, Storm Drain
5. In the case of any uncertainty
as to specific location of

White - Proposed Excavation underground utilities,
excavation, drilling of piles is
not to commence until the
service is exposed or located by hand (shoveling) or other means (e.g. hydrovac).

Pink - Temporary Survey Markings

6. The underground utility must be located by hand excavation and visually inspected
if located close to the work area. If the located utility stakes or paint is within a
distance equal to the stake-out tolerance (typically 1m) then hand-excavated test pits
shall be required prior to commencement of deep foundation work.

7. Services that are known to be close to the deep foundation elements may require
some type of special protection. Contact the appropriate utility owner to agree on
such protective measures.

8. If unanticipated underground utilities are encountered, work shall cease at that
location until the utility and its owner has been identified and it has been deemed
safe to continue.

Equipment

Ensure all foundation drill rigs and auxiliary equipment are in a mechanically sound
condition and have:

e comprehensive operator’s instructions or the manufacturer’s operation
manuals;

e correctly positioned and legible warning/safety signs or stickers;

e all required safety equipment fitted;

e an adequate supply of packing for any stabilizer base plates;

e current risk assessment;

e up to date equipment maintenance logbooks;

e required registration or DOT/interstate equivalent.
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Loading - Unloading Equipment

When loading or unloading a drill rig on a trailer or a truck, follow these precautions:

Select an area of level ground for loading and unloading.

Have a spotter guide the driver on/off the trailer or truck.

Before using a ramp, verify the brakes of the drill rig are in working order
Ensure that any ramps used are designed for this purpose and provide a sturdy
and solid enough base to bear the weight of the drill rig with carrier including
tooling.

Verify that when the drill rig is on the trailer, the weight of the drill rig, carrier
and tools are centered on the centerline of the trailer. In addition, some of the
trailer load should be transferred to the hitch of the tow vehicle. Refer to the
trailer recommendations for weight distribution provided by the manufacturer.
Verify the drill rig is secured to the towing vehicle with ties, chains, or load
binders that can handle the required weight.

Assembly and Disassembly of Rigs

The Deep Foundation Contractor (DFC) should develop or have access to detailed
procedures for the assembly and disassembly of the foundation drill rig. These
procedures should be based on:

the manufacturer’s recommendations

controlling the risks of working at height

working around powered mobile plant

ensuring the foundation drill rig structural stability during the process
verification that the equipment is correctly assembled

EXTENDING THE CRAWLERS
Tipping hazard!
A The crawlers must be extended as soon as the machine has been
unloaded from the transporting vehicle and before rigging operations are

CAUTION begun.

A JHA (Job Hazard Analysis) must be developed before work starts and followed
during the assembly or disassembly process.

Employees must be appropriately trained and instructed in the assembly or
disassembly procedures for the specific foundation drill rig and supervised to ensure
they work safely.
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Exclusion Zones

Establish an exclusion zone around the drilling operations to keep activities separate
from other onsite construction activities and to separate foundation drilling

equipment from people.

NO ENTRY
AUTHORISED
PERSONNEL ONLY

Only those involved in the
drilling operations should enter
the exclusion zone. Precautions
should be in place to prevent
unauthorized persons or
equipment from accessing the
safety zone area.

Exclusion zone zones should be
clearly marked by a physical
barrier and signage. If a physical
barrier is not reasonably
practical, the operational safety
zone boundary should be

indicated with appropriate signage warning people to keep out.

An exclusion zone should be large enough
to provide adequate clearance distances
to prevent equipment from impacting
other site works or activities. When
establishing the exclusion zone, consider
the risks from the work including:

e the working radius of the
foundation drill rig and auxiliary
equipment

e separation of hazards from adjacent
activities such as excavations, site
traffic thoroughfares, pedestrian
access walkways and other
construction activities (e.g.

demolition)

The exclusion zone must be included as one of the controls for working in the vicinity
of a foundation drill rig in the site-specific safety plan.
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Powerlines and Electrical Equipment

Overhead Powerline Safe Working Clearance:

Note: Dedicated Drilling Rigs are not considered to be nor defined as “Cranes” in the
US and Canada. However, in the following resources, the reader will note that there
are numerous references to mobile cranes and not dedicated drill rigs per se. Asa
best practices precaution, the safe working distances and warning procedures noted
for mobile cranes per OSHA CFR 1926. 1409, must be applied to the use of dedicated

drilling rigs - of any type.

Table A — Minimum Clearance Distances

Voltage (nominal, kV,
alternating current)

Minimum clearance
distance (feet)

up to 50 10
over 50 to 200 15
over 200 to 350 20
over 350 to 500 28
over 500 to 750 ¢1o]
over 750 to 1000 45

over 1000

(as established by the pawer line
owner/operator or registered
professional engineer who is a
qualified person with respect to
electrical power transmission and
distribution)

When operating
a foundation
drill rig near
overhead
powerlines the
site-specific
safety plan
must detail the
safe working
procedures,
and the
requirements of
the minimum
clearance
distances to be
observed.

No part of a
foundation
drilling rig or its
load should

come closer than 10 feet (3.05 metres) of an energized powerline. As the voltage
increases, the safe clearance distance also increases - see Table “A” for reference.

Ensure excavation works or working platform construction does not alter ground levels
or reduce safe clearances under powerlines.
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Equipment, Inspection and Maintenance

General

Regular inspections and preventative maintenance of a foundation drill rig and
auxiliary equipment are essential for the safe and efficient operation, and to ensure
mechanical integrity of all components. Failure of key components may cause an
incident and possible collapse of the rig or its parts.

A maintenance and inspection program should consider the equipment’s working
environment and usage. It should be based on the manufacturer’s recommendations
or designed by a competent person to either achieve the same safety outcomes or
compliance with the relevant construction safety standards.

The maintenance program should include:

e pre-operational inspections and tests;

e routine inspection, servicing and maintenance at specified intervals;
e periodic/annual inspections;

e major inspections at specified intervals;

e all items listed in the manufacturer’s manual.

The following should be recorded in the plant’s service book and in more detail in the
maintenance records:

e inspections and maintenance;
e defects found, and repairs undertaken;
e structural alterations.

Note: A copy of the manufacturer’s manuals should be kept in the foundation drill rig,
or onsite in a safe area. Contractors should ensure service records and maintenance
manuals are maintained, kept in a safe and accessible place.

Pre-operational Inspections

A pre-operational inspection of all relevant items indicated in the operations and/or
manufacturer’s manual should be done prior to the start of each shift and include
inspecting and/or testing for:

e equipment access

e clear visibility from the operator’s position

e operating and emergency controls

e brakes

e safety switches and interlocks, including limiting and indicating devices
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visual inspection of the structure, including pipelines and connections (where
applicable)

wire ropes to ensure they are on the drum, correctly reeved on the sheave and
in good condition.

Routine Maintenance

Lubrication Points

1. Engine Oil

2. Water Tank (Optional)
3. Fuel Tank

4. Hydraulic Tank

5. Final Drive Top Bearing
6. Engine AirFilter

7. Hydrostatic Filter

8. Inner Kelly Swivel

9. Outer Kelly Swivel

10. Roller Box

11. Transmission
12.Right Angle Drive
13.Final Drive

14. All Mast Sheaves

15. Elevating Cylinder

16. Leveling Cylinder
17.Turntable Bearing

18. Driveshaft

19.Inner Kelly Winch

20. Service Winch
21.Turntable Drive

22. HydraulicFilter (in tank)
23. Hydraulic Strainer (in tank)

All foundation
drill rigs should
be inspected
and maintained
by a competent
person at
intervals
specified in the
maintenance
program. The
competent
person should
ensure the
maintenance is
done to the

manufacturer’s requirements and the specified items are inspected and/or tested.

This includes:

emergency devices

operator controls

components associated with lifting (e.g. wire ropes and sheaves)
interlocks and travel limiting devices

access to the machine for operation and maintenance

critical components (e.g. brakes, gears, fasteners, pins and shafts
track wear

areas affected by corrosion, damage, wear or abrasion

drill rig and its components after transportation (e.g. return from site)
metal fatigue in critical wear or stress points

additional items required for inspection by the manufacturer

The results of the inspection must be entered in a logbook and kept with the
foundation drill rig. All safety-related faults must be reported and corrected before
the piling rig is used and recorded at an appropriate time.
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Annual Inspections

A competent person should inspect each foundation drill rig at least every 365 days.
The competent person’s inspection should review the routine maintenance reports
and verify any identified defects and faults have been repaired. The competent
person should inspect all high stress areas, critical mechanical and structural
components, including visual, selected strip-down and other testing (e.g.
nondestructive testing) as required or necessary to make an accurate assessment of
the equipment’s condition.

To ensure the foundation drill rig is safe for continued operation it should be
inspected and tested based on the rig’s age, usage and known critical wear areas or
components. In the absence of verifiable records of previous maintenance, inspection
repairs or modifications, the foundation drilling rig should be assessed to its suitability
from continued service.

Competent Person for Inspections

A competent person should have the knowledge, skills and the experience necessary
to accurately assess the condition of the foundation drilling equipment and
components. Different skill sets may be required depending on the inspection criteria
or the components being inspected. The competent person could be an independent
consultant, the rig manufacturer or a person employed by the owner of the rig.

Repairs

Repairs made to any equipment should be done according to the manufacturer’s
maintenance and repair manuals or detailed instructions from a competent person. All
repairs and any replacement of components should:

e be carried out by a competent person;

e use Original Equipment Manufacturer (OEM) parts or those that are compatible
with OEM and with at least the same specifications;
e be recorded in the service book and detailed in the maintenance records.

Welding

Welding of load bearing components should be done by a suitably qualified welder and
recorded in the service book and detailed in the maintenance records.

Note: For equipment with on board computer systems - it is essential that the
manufacturer’s procedures with respect to battery disconnection be strictly followed.
If not followed, severe electronic damage can occur at the first strike of an arc.
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Equipment Modifications

The modifier of the equipment may take on legal obligations of designer,
manufacturer and supplier when they alter the equipment; including doing a risk
assessment and providing safe use information.

Modifications to road carrier vehicles need to comply with the requirements of the
Department of Transportation (DOT). Engineering calculations may need to be done to
verify the modifications comply with relevant technical standards and associated
strength and operational requirements. Modifications with the potential to affect safe
operation of equipment should be approved in writing by the manufacturer or a
qualified mechanical engineer. Engineering calculations and approvals should be kept
for the life of the equipment.

Maintenance Records
Maintenance records should:

e clearly describe the work undertaken and parts replaced

e record the date of inspection and maintenance

e note who did the work and any recommendations for the preventative
maintenance program register

e be signed by the person carrying out the work

e be kept for the life of the equipment

e be readily available
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Drilling Operations

General

e Ensure that all personnel remain clear of the swing radius of all equipment and
that workers around heavy equipment are identified by the operator. Be aware
of and avoid the operator's blind spots.

e No equipment or tools may enter the safe limits of approach for all overhead
wires as per the Safety Regulations for Construction Projects. Always assume
that every electrical line is energized, until proven otherwise.

e An effective means of communication between the workers shall be established
and maintained. The drill operator and front-end worker shall agree on the
type of communication to be used prior to starting work. Hand signals must be
used when verbal communication is not effective. All workers shall be familiar
with machine operation hand signals; however, the operator shall accept
signals only from the designated signal person except for an emergency stop
signal, which may be given by any worker.

e When open-hole drilling is being performed, soil conditions shall be carefully
observed during drilling of each hole. If loose or caving material is observed
which may endanger the surrounding work area, measures such as the use of
sectional casings/liners and/or drilling slurry shall be introduced. These
measures will remain in place until the holes have been backfilled above the
loose or caving material.

e Avoid approaching the hole unnecessarily; maintain a distance of at least 1.8m
or 6 feet from any open hole. Added precautions should be observed during
work that may disturb the ground surface such as casing/liner placement and
removal.

e Before placing concrete, check to see that no one is inside the caisson or an
adjacent caisson. Discuss the soil conditions with the project engineer if any
concern regarding the safe working distance between holes under construction.

e When replacing worn teeth on an auger or other drilling tool attachment use
safety glasses/goggles and a face shield and the proper installation tools. Avoid
metal to metal contact by using polymer sledge hammers or dead blow
hammers.

e Never clean an auger pinhole with fingers. Use a wood dowel or piece of
reinforcing steel that will keep fingers clear of being pinched.
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e After any suspension of drilling always check that a drilled hole is clear prior to
resuming operations.

Auxiliary Winch for Lifting

Most drill rigs have an auxiliary or service winch to assist in the drilling operation. It
is used to handle small reinforcing cages, tooling, and some casing, much like a
“crane” might do. That said, drill rigs differ from a crane in the following ways:

o Drill rig design does not provide for mast tip positioning which is critical in
crane use. In many cases, mast tipping is limited to no more than 5 degrees
from vertical.

e Even at a 5-degree tilt from vertical, a drill rig mast is far closer to “vertical”
than any typical crane boom will go, thus further limiting its working radius of
a suspended load.

e Hoisting capacity of auxiliary winch is limited due to winch design and inability
to multi-part the line. User must always follow the manufacturer’s
recommended capacities, mast angle, or load radius.

46



Prohibited use of machine

Movement of persons.

.

The winches must not be used to move loads.
Towing loads.

Dragging loads.

/\ WARNING!

This machine is not a crane. This machine has a limited picking zone and capacity.

Lifting load with auxiliary winch

/\ WARNING!

This machine is not a crane. The auxiliary winch must be used only for

pipes, rope grab, chisel) and for casting operations (cage, casting pipe).

supporting and lowering support equipment for drilling or excavating (tool, casing

lifting,

To use the maximum pull of the auxiliary winch the following conditions must be met:
A) Plane and level ground.
B)

Crawler tracks completely extended.
C) - Lateral inclination of mast (< 3°)
- Mast backwards inclination (0°)
- Forward inclination of mast (< 5°)

D) Empty bucket.
E) Vertical auxiliary winch rope.
F)

The casing pipe must not be suspended from the drive unit.
G) Upperstructure slewing (< £15°)

2.49 2.100

4

15"
o
G 15

> A ( @

Example of manufacturer’s restrictions when using the auxiliary winch
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CFA Drilling

When drilling in CFA (Continuous Flight Auger) mode, the auger flights may fill with
material, causing a change in the drill rig’s center of gravity. An unstable condition
may result if the auger is not kept clean.

9. Continue injecting cement and raising the N —4.86
rotary/auger.

/N WARNING! NP E

During extraction the auger must be clean, so that
material is not brought up which may fall or whose
mass may compromise stability.

10. Once the extraction is completed it is possible to reposition the equipment and start a
new drilling.

Once the extraction is completed it is possible to reposition the equipment and start a new
drilling operation.

Rotating auger cleaner

The rotating cleaner is normally best suited for large- SN

diameter augers. This cleaner is always connected to the
auger and must be controlled in such a way that it
always remains in the lower part of the mast without
however interfering with the lower stops.

Example of manufacturer’s warning regarding continuous flight auger
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Appendices:

General Data
A2+ B2=C c ¢ d = diameter e r=radius
C2-A? = B2 A ¢ L=length * H = height
C2_B? = A? * W = width e torPi=3.14
- = B e Circumference = x d * Area of a circle = w x r?
Area of a triangle = /2 x A x B ) \::II:: th:i;tinsum S
Wire Rope Sling 1yard = 3 ft. = 36 in. = .91 meter
D/d Ratio X
Strength 1 meter = 1.09 yd. = 3.28 ft. = 39.37 in.
Efficiencies 1 ton (short) = .891 long ton = .91 metric ton = 2,000 Ibs. = 907 kg
25:1 = 1.00 1 ton (metric) = 1.1 short ton = .98 long ton = 2,204 Ib. = 1,000 kg
201 = .92 1 pound = .45 kg
}3;} - -gg 1kg = 1,000 grams = 2.2 Ib.
4:1 3 '75 1 gallon (U.S. liq.) = 4 qt. = 3.8 liters
21 = 65 1 liter = .264 gallon (U.S.) = 1.06 qt.
111 = 50 1KIP = 1,000 Ib.

Calculating Load Weights
Materials and Liquids - Pounds / cu. ft. Pounds / sq. ft. Pounds / gallon
Aluminum 168 | Iron Casting Steel plate Gasoline 6.0
Asbestos 153 | Lead 710 e1/8 inch 5
Asphalt 80 | Lumber—Fir 40 i Diesel 7.0
Brass 521 | Lumber—Oak 62 *14inch 10
Brick 120 | Lumber—Railroad Ties 50 *1/2inch 20 Water 8.3
Bronze 500 | Oil, Motor 58 e1inch 40
Coal S| B Aluminum plate
Concrete, Reinforced 150 | Portland Cement 94 ' .
Crushed Rock 95 | River sand 120 *8inch 1.75 1.5 gallons of liquid
Diesel 53 | Rubber 9% *1/4 inch 3.50 to a cubic foot
Dry Earth, Loose 74 | Steel 480 Lumber .
Gasoline 45 | water 62 s - 27 cubic feet to a
*3/4 inch Fir 2 i
Glass 160 _| zinc 437 - e
*3/4inch Oak 4.0
Load Factors & Weight Distribution ©
Sling Tension = Sl!n Leq th (L) x share of load wt.
Sling Height (H)
,Q Known Runs . Share of Load Wt. @ A Share of Load Wt. @ B Legend
<R1 IL R2 R1 + RZ =TS R1 + R2 =TS R1 = Run, Side 1
| R, = Run, Side 2
R2 =P Rl =P 2
é Ts = Is - TS =Total Span
P xW =Share of Load | P x W = Share of Load P = Percentage
Wt. @A Wt.@B W = Weight of Load
A Known Weights B CG In Feet From A CG In Feet From B Legend
@ 2 Wy +W, = Tw Wy +W, =Tw W; = Weight at A
N N : . ! . W, = Weight at B
w, W, 2
- P = P TW = Total Weight
: P = Percentage
Span s PxS=CGinft.fromA |PxS=CGinft.fromB |¢ = Span
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Level & Incline Planes

Legend

Formulas

W = Weight of load

CF = Coefficient of Friction

F = Force required to move load

H = Height in feet

R = Run, horizontal distance in feet
L = Length of ramp in feet

Level: F=CFXW

Uphill: F=(CF XR/L X W)+ (W X H/L)
Downdhill: F=(CF X R/L X W) - (W X H/L)

Coefficients of Friction

[For Estimation Only]

Concrete on concrete
Metal on concrete
Wood on wood
Wood on concrete

.65
.60
.50
A5

Wood on metal
Cast iron on steel
Continuous lubricated surface

.30
SL
A5

Steel on steel
Load on wheels
Load on ice
Load on air

Level Pick Points

Legend
W = Load Weight
D4 = Distance of Side 1
D, = Distance of Side 2
L1 = Sling Length, Side 1
L, = Sling Length, Side 2
H = Vertical Height
TLq =Tension, Length 1

TL4

TL,

TL, =Tension, Length 2

L1XWXDZ
Hx (Dq+Dj)

LZxWx D]
Hx (D +Dy)

Off-level Pick Points

Legend
W = Load Weight
D4 = Distance of Side 1
D; = Distance of Side 2
L1 = Sling Length, Side 1
L, = Sling Length, Side 2
Hq = Vertical Height, Side 1

H; = Vertical Height, Side 2
TLq =Tension, Length 1

TL, =Tension, Length 2

Wx Dy x Lg

(D x Hq)+(Dq x Hy)

WxDqxLy

(D7 x Hq)+(Dq x Hj)
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Block & Fairlead Loading C
Full Included Angle Block Factor Example
180 0.00
170 0.17
160 0.35 1t
150 0.52 BL
140 0.68
130 0.84 AT
120 1.00 FA
110 1.15
100 1.29 BL = Block Load
90 1.41 BF = Block Factor
80 1.53 LP = Line Pull
70 1.64 FIA = Full Included Angle
60 1.73
50 1.81 Formula
20 187 BL = BF x LP
30 1.93
20 1.97
10 1.99
0 2.00
Wire Rope EIPS/IWRC Sling Capacities (Ib.)  Mechanical splice C
Size in ljm ] -
inches -
1 I | l |
14 1,300 960 2,600 2,200 1,820 1,300
5/16 2,000 1,480 4,000 3,400 2,800 2,000
3/8 2,800 2,200 5,600 5,000 4,000 2,800
7116 3,800 2,800 7,600 6,800 5,400 3,800
12 5,000 3,800 10,000 8,800 7,200 5,000
9/16 6,400 4,800 12,800 11,000 9,000 6,400
5/8 7,800 5,800 15,600 13,600 11,000 7,800
3/4 11,200 8,200 22,400 19,400 15,800 11,200
7/8 15,200 11,200 30,400 26,000 22,000 15,200
1 19,600 14,400 39,200 34,000 28,000 19,600
1-1/8 24,000 18,000 48,000 42,000 34,000 24,000
1-1/4 30,000 22,500 60,000 52,000 42,000 30,000
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3-Part Braided Wire Rope Sling Capacities (tons) ®
Finished Composed Weight
Diameter of 3 parts Per Ft.
(inches) of EIP Rope Approx.
(inches) (pounds)
12 174 1.7 1.3 34 A4
5/8 5/16 26 1.9 5.2 68
3/4 3/8 3.6 217 7.2 e
78 7116 49 3.7 9.8 133
1 172 6.4 48 12.8 175
1-1/8 916 8.0 6.0 16.0 2.24
1-3/4 7/8 19.0 143 36.0 5.40
2-1/4 1-1/8 3.2 234 62.4 8.90
2-3/4 1-3/8 46.0 345 92.0 13.30
3-1/4 1-5/8 63.4 476 126.8 18.50
4 2 95.0 71.2 190.0 28.00
4172 2-1/4 118.0 88.5 236.0 35.60
5 2-172 145.0 109.0 290.0 44.00
Basket-rated capacities based on D/d ratio of five times the wire rope’s finished diameter.
9-Part Braided Wire Rope Sling Capacities (tons) ©
Finished Composed of
. . 9 parts of EIP Rope
Diameter (inches) .
(inches)
1/2 1/8 14 1.0 2.8
5/8 5/32 2.0 1.5 4.0
3/4 3/16 3.0 2.2 6.0
7/8 7/32 4.0 3.0 8.0
1 14 4.8 3.6 9.6
1-1/2 3/8 10.5 7.8 21.0
2 1/2 19.1 143 38.2
2-1/2 5/8 29.6 22.2 59.2
3 3/4 423 31.7 84.6
3-112 7/8 513 429 114.6
B 1 744 55.8 148.4
4-1/2 1-1/8 93.6 60.2 187.2

Basket-rated capacities based on D/d ratio of five times the wire rope’s finished diameter.
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Synthetic Sling Capacities (lbs.) m
| w | | o\ |
Size or Code = é g [ oo | [/ds\l f@
1-9-1 1,600 1,280 3,200 2,770 2,260 1,600
o 1-9-2 3,200 2,560 6,400 5,540 4,452 3,200
% :J 1-9-3 4,800 3,840 9,600 8,320 6,780 4,800
= g. 1-9-4 6,400 5,120 12,800 11,090 9,040 6,400
- 293 8,880 7,100 17,760 15,390 12,540 8,880
2-9-4 11,520 9,210 23,040 19,960 16,270 11,520
1 2,600 2,100 5,200 4,500 3,600 2,600
- - 2 5,300 4,200 10,600 9,100 7,500 5,300
E g 3 8,400 6,700 16,800 14,500 11,800 8,400
_g‘ g 4 10,600 8,500 21,200 18,300 14,900 10,600
He 5 13,200 10,600 26,400 22,800 18,600 13,200
6 16,800 13,400 33,600 29,100 23,700 16,800
High Capacity Round Sling Capacities (lbs.)* 2
Dual-Path A G\ Apprqx.
Model ) Bo.dy Width
I (inches)
DP 1000 10,000 8,000 20,000 17,320 14,140 3
DP 1500 15,000 12,000 30,000 25,980 21,210 3
DP 2000 20,000 16,000 40,000 34,640 28,280 3
DP 2500 25,000 20,000 50,000 43,300 35,350 3
DP 3000 30,000 24,000 60,000 51,960 42,420 4
DP 4000 40,000 32,000 80,000 69,280 56,560 4
DP 5000 50,000 40,000 100,000 86,600 70,700 5
DP 6000 60,000 48,000 120,000 103,920 84,840 5
DP 7000 70,000 56,000 140,000 121,240 98,980 5
DP 8500 85,000 68,000 170,000 147,220 120,190 6
DP 10000 100,000 80,000 200,000 173,200 141,400 6
DP 12500 125,000 100,000 250,000 216,500 176,750 8
DP 15000 150,000 120,000 300,000 259,800 212,100 8
DP 17500 175,000 140,000 350,000 303,100 247,450 10
DP 20000 200,000 160,000 400,000 346,400 282,800 10
DP 25000 250,000 200,000 500,000 433,000 353,500 10
DP 27500 275,000 220,000 550,000 476,300 388,850 12
DP 30000 300,000 240,000 600,000 519,600 424,200 12
DP 40000 400,000 320,000 800,000 692,800 565,600 14
DP 50000 500,000 400,000 1,000,000 866,000 707,000 16

*Capacities shown include both paths and are for one complete sling; sling ratings based on fittings of equal or greater capacity.

54



Alloy Chain Sling Capacities (lbs.)

Grade 80
Single Leg Two Leg Slings Three & Four Leg Slings
. . f \
1 n
o A i e
| L
932 3,500 2,800 6,100 4,900 3,500 9,150 7,400
3/8 7,100 5,700 12,300 10,000 7,100 18,400 15,100
12 12,000 9,600 20,800 17,000 12,000 31,200 25,500
5/8 18,100 14,500 31,300 25,600 18,100 47,000 38,400
3/4 28,300 22,600 49,000 40,000 28,300 73,500 60,000
7/8 34,200 27,400 59,200 48,400 34,200 88,900 72,500
1 47,700 38,200 82,600 67,400 47,700 123,900 101,200
1-1/4 72,300 57,800 125,200 102,200 72,300 187,800 153,400
Grade 100
9/32 4,300 3,500 7,400 6,100 4,300 11,200 9,100
3/8 8,800 7,100 15,200 12,400 8,800 22,900 18,700
12 15,000 12,000 26,000 21,200 15,000 39,000 31,800
5/8 22,600 18,100 39,100 32,000 22,600 58,700 47,900
3/4 35,300 28,300 61,100 49,900 35,300 91,700 74,900
718 42,700 34,200 74,000 60,400 42,700 110,900 90,600
Rigging Hardware Capacities (lbs.) 14)
Shoulder a g Swivel Allo
Size in Eye Bolt Turnbuckle | Shackle Wire Rope Clip Hoist Rings | Master IYinks
inches | yn1jne | 45deg. | Eyeorlaw | spAnchor iy Ta;’;ﬁgsg" dobe | wgs) WLL (lbs.)
1/4 500 125 500 1,000 2 4.75 I = ——
5116 800 200 800 1,500 | 2 5.25 30 800 S
3/8 1,200 300 1,200 2,000 2 6.50 45 1,000 | —ommee-
L wmeee | 3000 | 2 7.00 S eunE
12 | 2,200 | 550 2,200 a000 | 3 [ 1150 65 2,500 7,400
916 | --=-- | —=---- e I 3 | 1200 95 | --em--- ——————
5/8 3,500 875 3,500 6,500 3 12.00 95 4,000 9,000
3/4 5,200 1,300 5,200 9,500 4 18.00 130 5,000 12,300
718 7,200 | 1,800 7,200 13,000 | 4 19.00 225 8,000 15,200
1 10,000 2,500 10,000 17,000 5 26.00 225 10,000 26,000
118 | --=-- | === | —moee- 19,000 | 6 34.00 225 | -emee [ meeeee-
1-1/4 15,200 3,800 15,200 24,000 7 44.00 360 15,000 39,100
KT/ 7 S NN UN—— — S |PUINN | — 61,100
L || e || = coeroon || o e || e || ooeesn || ertores 102,600
2112 | mmmmm | mmmmem | e [ oo mmmm | e | e | e 160,000
e e e 228,000
1077200 [N I (P R SR [ [ [ — 279,000
I el el M el el Il i 373,000
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Synthetic Sling Shackle
Round Web Slings* Working
Sling Webbing Eye Load
Size Width Width Limit
(No.) (in.) (in.) (Tons)
1 2 2 3-1/4
2 2 2 3-1/4
3 3 15 412
4 4 6-1/4
5 6 8-12
6 6 8-1/2

* NOTE: Designed for use with Type IlI, (Eye & Eye), Class 7, 2 Ply web slings. For 3" and larger webbing width, tapered eye

is required.

Wide Body Shackles

Working Weight Dimensions in Inches ‘
Load Limit Each B D Effective
(Tons) (Ibs.) o-02 | +-.02 | Body

Diameter
7 4.0 1.25 0.88 2
125 8.8 1.69 1.13 2.4
18 14.9 2.03 1.38 2.8
30 26.5 2.37 1.63 41
40 35.0 2.88 2.00 3.6
55 68.0 3.25 225 43
75 99.0 413 2.75 5.9
125 161 5.12 3.15 6.8
200 370 5.91 412 8.9
300 847 7.38 5.25 11.8
400 1130 8.66 6.30 143

“B" is spread between shackle ears
“D" is shackle pin diameter

Effective Body Diameter is the diameter
to use when calculating D/d ratio for
sling:

D = effective body diameter
d = sling diameter

56




spelter socket

6.57

6.63

swage socket

6.61

6.62

wedge socket
1) Soft wire
2) Clamp for metallic ropes, with U-bolt

soft eye machine swage
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Checking the ropes for deformations

Check for:

Photographs of damage:

Pockets: These can occur when the outer layer of wires
loosens or the outer wire strands are longer than the
inner ones. Movement of the outer wires or strands in
relation to the inner ones causes movement of the
excess length at a particular location.

Loop formation: Single wires or groups of wires
emerge from the rope structure. The loops usually lie in
a series of strands.

Necking: is reductions in the diameter of the wire rope
over short lengths. Rope sections immediately before
the end attachment must be checked for necking with
particular care. Necking is often difficult to recognise at
these points.
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Check for:

Photographs of damage:

Knots: are deformations of the wire rope. They are
formed when a eyelet-shaped rope loop is pulled
straight without the wire rope being able to compensate
by turning on its axis.

Corkscrews: With this type of deformation, the axis of
the unloaded wire rope becomes helical. This does not
weaken the wire rope initially, though it might prevent
the rope drive from running smoothly. The resultant
damage can include increased abrasion and more wire
breaks. The rope must be withdrawn from service if the
area of greatest deformation exceeds 1/3 of the nominal
rope diameter.
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Check for:

Photographs of damage:

Corrosion: occurs mostly in corrosive and salt water
atmospheres (e.g. prolonged storage of ropes in the
open air, salt water atmosphere, etc.). Two types of
corrosion occur: atmospheric corrosion (causes
"even" rust) and localized corrosion, such as pitting
(forms deep holes in places where the protective
sheath is missing or damaged). The photographs
both show atmospheric corrosion.

The diameter of the rope has reduced as a result of
corrosion. If the rope diameter has reduced by 10%
or more relative to the nominal dimension, the rope
must be changed regardless of whether or not wire
breaks have occurred.

Check for:

Photographs of damage:

Abrasion: reduces both the static breaking force of
the rope due to reduction of the metallic cross-
section and its fatigue limit due to wear grooves. If
the rope diameter has reduced by 10% or more rela-
tive to the nominal dimension, the rope must be
changed regardless of whether or not wire breaks
have occurred.
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DEFINITIONS:
DANGER/WARNING/CAUTION

[Indicates an imminently hazardous situation
which; if not avoided, will result in death or seri-
ous injury.]

AWARNING

[Indicates a potentially hazardous situation
which; if not avoided, could result in death or
serious injury.]

A CAUTION

[Indicates a potentially hazardous situation,
which; if not avoided, may result in minor or
moderate injury.]

CAUTION

[Indicates a potential for property damage.]
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LIVE ELECTRIC PANEL

NO ADMITTANCE TO UNAUTHORIZED PERSONNEL

HIGH TEMPERATURE

TOXIC FUMES

ACCESS PROHIBITED TO WORK AREA

PRESSURIZED FLUID

COMPLIANCE WITH SAFETY DISTANCES

MACHINE MAINTENANCE IN PROGRESS: DO NOT START!

IT IS FORBIDDEN TO WALK ON THE SURFACE

10

EMERGENCY EXIT

1

READ THE INSTRUCTIONS AND WARNINGS ON THE MAINTENANCE AND USE
MANUAL

12

= 0OH@P> & @PP>@>

LIFTING POINTS
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210

AUTHORIZED
PERSONNEL
ONLY

STAY CLEAR
SWING RADIUS

(A DANGER |
TO PREVENT BODILY INJURY |

STAY CLEAR

OF MACHINE

00 MIT AL OF M THES I R AT

Meanings of machine-specific signs

Warning indicating rotating machine parts

No access for unauthorized personnel

Danger of crushing

Warning indicating dangerous electrical voltage

Warning of bodily injury
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DRILL RIG INSPECTION REPORT

ID Number Model Number
Date Serial Number
Location Inspector
Manufacturer Type Inspection
ITEM | NNA | SAT | UNSAT | ITEM | nNA ] sAT | UNSAT
Truck / Carrier (if equipped) Kelly Bar

1. Parking Brake

48. Outer Bar

2. Oil Pressure

49 Intmd Bar(s) (if equipped)

3. Air Pressure & Warning Device

50. Inner Bar

4.Waming Lights & Horns

51. Drive Foot

5. Windshield Wipers & Blades

52_Crowd Pins (if equipped)

6. Heater-Defroster

Mast Raising Cylinders

7. Mirrors

53. Leaks

8. Steering Wheel (Excessive Play)

54. Set Screws / Rod Ends

9. Glass

55. Pivot Fittings

10. Fire Extinguisher 56. Pins
11. Side Marker & Clearance Lights Kelly Cylinder
12. Headlights 57.Leaks

13. Tumn Signals & 4-Way Flashers

58. Set Screws / Rod Ends

14.Tail & Stop Lights

59. Pivot Fittings

15. Tires

60. Pins

16. Lugs & Wheels

Kelly Winch

17_Fuel Tank & Cap

61. Distortion of Wire Rope

18. Outriggers, Controls & Locks

62. Leaks at Fittings

19. Radiator

63. Leaks at Drum Seals

20. Drive Belts (Frayed or Broken)

64. Mounting to Slide Frame

21. Air Tanks & Lines

Service Winch

22 Muffler, Exhaust & Tail Pipes

65. Distortion of Wire Rope

23_ Air/Hydraulic Systems

66. Leaks at Fittings

24_0il Levels

67. Leaks at Drum Seals

25. Charts & Decals

68. Mounting to Mast

26. All Control Mechanisms

Carbody (if equipped)

27. Overall Cleanliness

69. Track Sprockets

28. Loose/Missing Hardware 70. Growsers
29. Hand Holds & Steps 71.Rollers
30. Railings & Catwalks 72.Pins
31. Batteries Tilt Body (if equipped)
32. Brakes 73.Pins
Drill Rig Hydraulic System 74. Cylinders
33. Pumps 75. Boots
34_Hose Chain Drive(s) (if equipped)
35. Cooler 76. Oiling System
36. Significant Leaks 77.Chain Tension
\Wire Rope Lubrication 78. Sprockets
37. Kelly Winch 79. Tensioners
38. Service Winch 80. Covers
39. Mast Rigging General Inspection
Mast 81. Fasteners (missing/loose)
40. Length 82. Weldment Cracks

41. Mast Chords/Upright Columns

83. Operator's Platform & Seat

42.Mast Lacing

84. Instruments and Controls

43.Pins

85. All Fluid Levels

44_Sheaves

86. Gearboxes (leaks, loose)

45_Boom Stops

46. Mast Rest

47_Power Pins (if equipped)

Inspector:

Date:
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BEAUFORT WIND SCALE

Force Wind WMO Appearance of Wind Effects
(Knots) Classification On the Water On Land
0 <1 Calm Sea surface smooth & mirror-like Calm, smoke rises vertically
1 1-3 Light Air Scaly ripples; no foam crests Smoke drift indicates wind
direction; still wind vanes
2 4-6 Light Breeze Small wavelets; crests glassy, not breaking Wind felt on face; leaves rustle;
vanes begin to move
3 7-10 Gentle Breeze Large wavelets; crests begin to break; Leaves and small twigs constantly
scattered whitecaps moving; light flags extended
4 11-16 | Moderate Breeze Small waves 14 ft. becoming longer; Dust, leaves, and loose paper lifted;
numerous whitecaps small tree branches move
5 17-21 Fresh Breeze Moderate waves 4-8 ft. taking longer form; | Small trees in leaf begin to sway
many whitecaps; some spray
6 22-27 Strong Breeze | Larger waves 8-13 ft.; whitecaps common; Larger tree branches moving;
more spray whistling in wires
7 28-33 Near Gale Sea heaps up, waves 13-20 ft; white foam | Whole trees moving; resistance felt
streaks off breakers walking against wind
8 34-40 Gale Moderately high (13-20 ft) waves of greater | Whole trees in motion; resistance
length; edges of crests begin to break into felt walking against wind
spindrift; foam blown in streaks
9 4147 Strong Gale High waves (20 ft.); sea begins to roll; dense | Slight structural damage occurs;
streaks of foam; spray may reduce visibility slate blows off roofs
10 48-55 Storm Very high waves (20-30 ft.) with Seldom experienced on land; trees
overhanging crests; sea white with densely | broken or uprooted; considerable
blown foam; heavy rolling; lowered visibility structural damage
1 55-63 Violent Storm Exceptionally high 3045 ft.; foam patches
cover sea; visibility more reduced
12 64+ Hurricane Air filled with foams; waves over 45 ft.; sea

completely white with driving spray; visibility
greatly reduced
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Resource Material Available Without Cost:

The following resources are available for free using the Internet links provided.

Overhead Powerline Safe Working Clearance:

http://www.hydroone.com/SiteCollectionDocuments/Safety/ZapZonePamphlet.pdf

https://www.workzonesafety.org/files/documents/news_events/wz_conference 200
2/avoiding contact.pdf

http://www.penticton.ca/assets/Departments/Documents/ElecticalSafety-
HighVoltage.pdf

https://www.osha.gov/pls/oshaweb/owadisp.show _document?p table=STANDARDS&p
id=19

Note: Dedicated Drilling Rigs are not considered to be nor defined as “Cranes” in the
US and Canada. However, in the following resources, the reader will note that are
numerous references to mobile cranes and not dedicated drill rigs per se. As a best
practices precaution, the safe working distances and warning procedures noted for
mobile cranes, must be applied to the use of dedicated drilling rigs - of any type.

Underground Utility Location:

http://albertaonecall.com/learning-centre/color-code-explanation/

http://call811.com/best-practices/best-practices-guide/uniform-color-code

http://www.clickbeforeyoudig.com/

http://call811.com/811-your-state

Rotary Foundation Drilling Rig Safety:

http://www.hse.gov.uk/foi/internalops/og/0g-00055.htm

http://www.oafs.org/downloads/SafetyProcedures.pdf

https://pilingfederation.org.au/

66



Construction Safety Regulations:

OSHA - Occupational Safety & Health Administration
https://www.osha.gov/pls/oshaweb/owasrch.search form?p doc type=STANDARDS&p
toc_level=1&p_keyvalue=Construction

US Army Corps of Engineers Safety and Health Requirements Manual
http://www.usace.army.mil/Safety-and-Occupational-Health/EM-385-1-1-2008-Being-
Revised/

The Federation of Piling Specialists
http://www.fps.org.uk/

The National Institute for Occupational Safety and Health (NIOSH)
https://www.cdc.gov/niosh/construction/

Canadian Centre for Occupational Health and Safety - Links to Provincial
Requirements
http://www.ccohs.ca/oshanswers/information/govt.html

Canada National Occupational Health and Safety Regulations
http://www.laws-lois. justice.gc.ca/eng/regulations/SOR-86-304/index.html

Education:

Northern Alberta Institute of Technology (NAIT) Foundation Drill Rig Operator Program
http://www.nait.ca/program_home_103029.htm

Rigging Information:

Crosby Group
http://www.thecrosbygroup.com/catalog/rigging-information/

National Commission for the Certification of Crane Operators (NCCCO) Reference
Manuals
http://nccco.org/nccco/safety-information-research-education-network
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Resource Material Available for Purchase:

The following resources are available for purchase using the Internet links provided.

European Standards:
EN 16228-1 Drilling and Foundation Equipment - Safety - Part 1 - Part 7
https://www.en-standard.eu/csn-en-16228-1-drilling-and-foundation-equipment-

safety-part-1-common-
requirements/?gclid=EAlalQobChMIyMLW4Mbe1QIVUoGzCh1SNAKNEAAYASAAEgKMH D

BwE

American Society of Safety Professionals (ASSP):

ANSI/ASSE A10.23-2014 - Safety Requirements for the Installation of Drilled Shafts
http://www.asse.org/ansi/asse-a10-23-2014-safety-requirements-for-the-installation-
of-drilled-shafts/

ADSC: The International Association of Foundation Drilling:
http://foundationdrillingmagazine.com/tlc17/index.html

¢ Down-Hole Entry Manual: Recommended Procedures for the Entry of Drilled
Shaft Excavations
¢ Drilling Operators Machine Safety Guide
Recommended Procedures for Fall Protection in Shaft Excavation Operations
e Anchor and Micropile Installation safety Guide
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