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25 HOUSEKEEPING AND FIRE
SAFETY
Many injuries result from poor housekeeping, improper
storage of materials, and cluttered work areas. To maintain a
clean, hazard-free workplace, all groups – management,
supervision, and workers – must cooperate.

General
Regulations for safe
housekeeping require
–
–
–
–

–
–
–

daily jobsite cleanup
program
disposal of rubbish
individual cleanup
duties for all workers
materials piled,
stacked, or
otherwise stored to
Figure 8
prevent tipping and Keep stairs and landings clear and well-lit.
collapsing
materials stored away from overhead powerlines
work and travel areas
kept tidy, well-lit, and ventilated (Figure 8)
signs posted to warn workers of hazardous areas.

When guardrails must be
removed to land, unload, or
handle material, wear fallarrest equipment (Figure
11). The area must also be
roped off with warning signs
Chute
posted.
Opening
In shops it is relatively easy to
maintain a clean work area. Barriers
and warning lines can also be set up to
isolate table saws and other equipment.
On construction sites, arrangements are
more difficult. Equipment often sits in
basements, on decks, or in corners
with insufficient working space and
sometimes it’s open to the weather.
The footing may simply consist of
a piece of plywood.
Around table saws and
similar equipment, keep the
immediate area clear of
scrap to avoid tripping
Warning
hazards and provide
Signs
sound footing.

Figure 10

The basics of good housekeeping are shown in Figure 9.

Travel
restraint

Fall
Arrest

Figure 11
Figure 9
Good housekeeping means clear traffic and work areas, out-of-the-way
storage, adequate illumination, and cleanup of debris.

Specific
•
•
•
•
•
•
•
•

•
•

Gather up and remove debris as often as required to
keep work and travel areas orderly.
Keep equipment and the areas around equipment
clear of scrap and waste.
Keep stairways, passageways, and gangways free of
material, supplies, and obstructions at all times.
Secure loose or light materials stored on roof or on
open floors to prevent them being blown by the wind.
Pick up, store, or dispose of tools, material, or debris
which may cause tripping or other hazards.
Before handling used lumber, remove or bend over
protruding nails and chip away hardened concrete.
Wear eye protection when there is any risk of eye injury.
Do not permit rubbish to fall freely from any level of the
project. Lower it by means of a chute or other approved
devices (Figure 10).
Do not throw materials or tools from one level to
another.
Do not lower or raise any tool or equipment by its own
cord or supply hose.

Airborne wood dust can be a respiratory hazard, causing
problems ranging from simple irritation of the eyes, nose,
and throat to more serious health effects. Dust collectors
should be installed in shops to remove sawdust from air
and equipment. Wood dust is also very flammable.
In construction, saws and other tools are often operated in
the open air where dust presents no hazard. However,
dust masks or respirators should be worn whenever
ventilation is inadequate.
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Figure 12
Secure material against the wind.
After removing material, resecure pile.
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Storage
Storage areas should be at least 1.8 metres (6 feet) from
roof or floor openings, excavations, or any open edges
where material may fall off (Figure 12).
Near openings, arrange material so that it cannot roll or
slide in the direction of the opening.
Flammable Materials
• Use copper grounding straps
to keep static electricity from
building up in containers,
racks, flooring, and other
surfaces (Figure 13).
• Store fuel only in containers
approved by the Canadian
Standards Association
(CSA) or Underwriters'
Laboratories of Canada
(ULC).
• Ensure that electric fixtures
and switches are explosionproof where flammable
Figure 13
Dispensing and receiving
materials are stored.
containers should both be
• See Figure 14 for pointers
grounded.
on safe storage.
Hazardous Chemicals
• Refer to material safety data sheets (MSDSs) for
specific information on each product.
• Follow manufacturer's recommendations for storage.
• Observe all restrictions concerning heat, moisture,
vibration, impact, sparks, and safe working distance.
• Post warning signs where required.
• Have equipment ready to clean up spills quickly.

Make sure drums
are grounded.

Replace bungs in drums.

Figure 14
Storage of Flammable Liquids

•

Appropriate
fire extinguisher
should be
located
convenient to
storage area.

To keep them separate for special
handling and disposal later, store empty chemical
containers in secure area away from full containers.

Bags and Sacks
• Do not pile bagged material more than 10 bags high
unless the face of the pile is supported by the walls of a
storage bin or enclosure.
• Do not move piles more than 10 bags high unless fully
banded or wrapped.
• Cross-pile bags and sacks for added stability. Pile only to
a safe and convenient height for loading and unloading.
Compressed Gas Cylinders
• Store and move cylinders in the upright position. Secure
cylinders upright with chains or rope.
• Lock up cylinders to prevent vandalism and theft.
• Wherever possible, store cylinders in a secure area
outdoors.

A

Class “A” Extinguishers
For fires in ordinary combustible materials such as
wood, paper, and textiles where a quenching, cooling
effect is required.

B

Class “B” Extinguishers

C

Class “C” Extinguishers

For flammable liquid and gas fires, such as oil,
gasoline, paint and grease where oxygen exclusion
or flame interruption is essential.

For fires involving electrical wiring and equipment
where the non-conductivity of the extinguishing agent
is crucial.
This type of extinguisher should be present wherever
functional testing and system energizing take place.
Class “D” Extinguishers

D

For fires in combustible metals such as sodium,
magnesium, and potassium.
How to Use the Extinguisher
Aim the extinguisher at the base of the fire to
extinguish the flames at their source.

Figure 15
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•
•
•
•

Keep full cylinders apart from empty cylinders.
Store cylinders of different gases separately.
Keep cylinders away from heat sources.
When heating with propane, keep 45-kilogram (100 lb.)
cylinders at least 3 metres (10 feet) away from heaters;
keep larger tanks at least 7.6 metres (25 feet) away.

Lumber
• Stack on level sills.
• Stack reusable lumber according to size and length.
Remove nails during stacking.
• Support lumber at every 1.2-metre (4-foot) span.
• Cross-pile or cross-strip when the pile will be more
than 1.2 metres (4 feet) high.
Fire Protection
Housekeeping includes fire prevention and fire protection.
Workers must be trained to use fire extinguishers properly.
Fire extinguishers must be
–
–
–

accessible
regularly inspected
promptly refilled after use.

Extinguishers must be provided
–
–
–
–
–

where flammable materials are stored, handled, or
used
where temporary oil- or gas-fired equipment is being
used
where welding or open-flame cutting is being done
on each storey of an enclosed building being
constructed or renovated
in workshops, for at least every 300 square metres of
floor area.

Fire extinguishers are classified according to their
capacity to fight specific types of fires (Figure 15).
Workers must be trained to use fire extinguishers properly.
For most operations, a 4A40BC extinguisher is adequate.
Extinguishers have a very short duration of discharge –
usually less than 60 seconds. Be sure to aim at the base
of the fire.
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Nevertheless, working on or near electrical
hazards is dangerous and can be fatal. Any
work on or near energized equipment must be
done only when measures are in place to
provide protection from electric shock and burn.
With adequate safety measures in place, every
electrical injury and fatality can be prevented.

CONTENTS
•

Introduction

•

Electrical injuries

•

Safeguards

•

Working on energized systems

•

Portable tools and extension cords

•

Temporary wiring and power

•

Other electrical issues

•

Reporting electrical accidents/incidents

The law requires safe work practices. Under the
Occupational Health and Safety Act and
Regulations for Construction Projects, employers,
supervisors, and workers each have legal
responsibilities to ensure that work is being
carried out in a safe manner.
There are also restrictions in the Construction
Regulation (Ontario Regulation 213/91 Section
182) on who can work on electrical equipment:

INTRODUCTION
An electrical hazard can be defined as

(1) No worker shall connect, maintain, or
modify electrical equipment or installations
unless,

- a dangerous condition where a worker
could make electrical contact with
energized equipment or a conductor, and
from which the person may sustain an
injury from shock; and/or,

(a) the worker is an electrician certified
under the Trades Qualification and
Apprenticeship Act; or

- there is potential for the worker to receive
an arc flash burn, thermal burn, or blast
injury.

(b) the worker is otherwise permitted to
connect, maintain or modify electrical
equipment or installations under the
Trades Qualification and Apprenticeship
Act, the Apprenticeship and Certification
Act, 1998 or the Technical Standards
and Safety Act, 2000.

Note: An electric hazard is considered to be
removed when protective measures are put
in place at the source (remove hazard or deenergize), or along the path (place electrical
insulation/barrier between the worker and
the electrical hazard). Where PPE is relied
upon for worker protection, an electrical
hazard is considered to remain and it is still
necessary to address safety requirements for
other workers in the area.

(2) A worker who does not meet the
requirements of clause (1) (a) or (b) may
insert an attachment plug cap on the cord
of electrical equipment or an electrical tool
into, or remove it from, a convenience
receptacle.

Injuries resulting from a worker making
electrical contact represent a relatively small
portion (7.7%) of the lost-time injuries
electricians experience, according to 1997–1999
statistics. It is reasonable to assume that the
situation is similar today. Other mechanical
trades that do some electrical work can
probably expect even fewer electrical injuries.

Guidelines for working on or near electrical
equipment and conductors are found in several
documents:
• Construction Regulation (O. Reg. 213/91)
• Ontario Electrical Safety Code
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• Operating manuals for different tools and
equipment.
• NFPA 70E Standard for Electrical Safety in
the Workplace
• CSA Z462 Workplace Electrical Safety.
An important aspect of electrical work involves
isolating electrical energy. A reference for
detailed information on lockout and control of
hazardous energy is the Canadian standard CSA
Z460-05, Control of Hazardous Energy—Lockout
and Other Methods.

A major cause of accidents
involving electricity comes from
the failure to identify the hazards
associated with live electrical
equipment and wiring.

ELECTRICAL INJURIES
There are basically two ways to be injured by
electricity. One is by electric shock and the
other is by arc flash.

An arc flash is a release
of energy caused by an
electric arc. The flash
causes an explosive
expansion of air and
metal. The blast produces

Electric shock is the passing of electric current
through the body. Electrical contact can cause
involuntary physical movements. The electrical
current may
• prevent you from releasing your grip from
a live conductor

Electric arc

• a dangerous pressure
wave

• throw you into contact with a higher
voltage conductor

• a dangerous sound
wave

• cause you to lose your balance and fall
• cause severe internal and external burns

• shrapnel

• kill you.

• extreme heat

A household 125-volt circuit can deliver 15
amps. Current as low as 30/1000 of 1 amp
(30 mA) can cause breathing to stop. A 15Amp circuit contains many times the current
needed to cause death.

• extreme light.
These dangers can result
in blast injuries, lung
injuries, ruptured
eardrums, shrapnel
wounds, severe burns, and
blindness. Arc flash injuries
can also result in death.
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presence of an electrical hazard, ensure that all
clothing is chosen to provide adequate
protection from the potential hazards. See Flash
Hazard (Arc Flash) Protection below.

Protective tools and equipment
Workers exposed to an electrical hazard must
use mats, gloves, shields, flame resistant
clothing, and any other protective equipment
required to protect themselves from electric
shock and burn. As part of everyday work,
electrical workers should always

Head protection
The following hard hats comply with the
Construction Regulation:
• CSA Z94.1-05 Class E, Type 1 or 2
(Canadian)

• remove watches, rings, neck chains, or
other current-conducting apparel

• ANSI Z89.1-2009 Type II, Class E (US)

• wear electric-shock-resistant footwear

• ANSI Z89.1-2009 Type I, Class E. (US)

• wear a CSA-approved Class E hard hat or
equivalent

Note that under the latest ANSI standard, there
are two types of Class E hard hats: Type I and
Type II. Type I hats are similar to the old CSA
Class B hard hats which provide limited lateral
impact protection. The Type II hats have
enhanced lateral protection like the CSA Class E.
ANSI Type II Class E hard hats are clearly
labelled “Type II.” If your hard hat just says
“ANSI Class E,” assume it’s a Type I.

• wear safety glasses with side shields, and
• wear under and outer clothing that has
flame-resistance properties.
Tools, devices, and equipment — including
personal protective equipment — used for live
work must be designed, tested, maintained, and
used so as to provide adequate protection for
workers.

Foot protection
Construction workers require Grade 1 toe
protection with sole protection in accordance
with the Canadian Standards Association
standard (CSA) Z195-02. Protective footwear
compliant with the intent of the Construction
Regulation is identified by a green triangular
patch on the tongue or the ankle of the
footwear.

Where there is the potential for an arc flash, all
PPE should be chosen with consideration for the
kinds of hazards that can result from an arc flash.
See Flash Hazard (Arc Flash) Protection below.
The following information provides guidelines
on appropriate and required personal protective
equipment. Check the reference documents
identified at the beginning of this chapter to
determine your job-specific needs. See also the
chapters on personal protective equipment in
this manual. As well, see the chapters on
personal protective equipment in the Equipment
section of this manual.

Mechanical trades people exposed to electrical
hazards should also wear electric-shock-resistant
footwear identified by a white rectangular label
bearing the CSA logo and the Greek letter
omega in orange.

Ω

Clothing
Whether or not the day’s planned work involves
working near an electrical hazard, workers that
do electrical work should choose everyday
clothing that offers some flame resistance
properties. When work must be done in the

CSA logo
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Eye protection

A household 125-volt circuit can deliver 15
amps. Current as low as 30/1000 of 1 amp (30
mA) can cause breathing to stop. A 15-amp
circuit has many times the current needed to
cause death.

The Canadian Standards Association (CSA)
standard CAN/CSA Z94.3-99 Industrial Eye and
Face Protectors can assist you in classifying
hazards and recommending protectors.
Appropriate protection chosen according to this
standard meets with the intent of the
Construction Regulation regarding eye
protection worn on the job.

Rubber gloves and leather protectors are the
most common personal protective equipment
used for shock protection. These must be
adequate to protect the worker from electrical
shock or burn. The rubber gloves must have
been tested and certified.

In any case, eye protection should be of
industrial quality eye protection in the form of
safety glasses incorporating side-shields or a
wrap-around style. Arc flash protection requires
a face shield that is rated for arc flash, with
safety glasses underneath.

Class 0 and Class 00 gloves must be air-tested
and visually inspected for damage and adequacy
immediately before each use. Class 0 and Class
00 are exempt from regular re-certification unless
work is carried out under the Electrical Utility
Safety Rules. Rubber gloves rated for use with
voltages above 5,000 volts AC must be regularly
tested and certified to ensure that they can
withstand the voltages for which they are rated,

Regular plastic face shields do not to
provide arc flash protection. They can burn
and melt in an arc flash incident. Use a face
shield that is designed and rated for arc
flash protection.

• at least once every three months if they
are in service, or

Hearing protection
Hearing protection is important at work since
continuous exposure to excessive noise can lead
to hearing loss and tinnitus. Hearing protection
is required for some arc flash hazards. Hearing
protection is available in three general types:

• once every six months, if they are not in
service.
Workers must be trained in the proper use, care,
and storage of rubber gloves and leather
protectors.

1. Disposable ear plugs made of pliable
material. One size fits all, but they should
only be used once.

Rubber mats and shields can also be used with
standard personal protective equipment to
protect the worker from electric shock or burn.
The rubber mat must have been tested and
certified.

2. Reusable custom-fit ear plugs are available
to provide protection for specific
frequencies of noise. These provide a good
seal and can be washed and reused.

The best shock protection is afforded by turning
off or isolating the electrical power from the
worker. The Construction Regulation requires all
work to be done with the system de-energized
unless certain specified conditions are met. See
“Working on Energized Systems” in this chapter.

3. Earmuffs. They need to be fitted to
provide maximum protection.
Shock protection
The passage of electricity through the body is
called shock. Effects can range from a tingling
sensation to death. A shock that may not be
enough to cause injury can nonetheless startle a
worker, causing an involuntary reaction that can
result in serious injuries or death.

Flash hazard (arc flash) protection
A flash hazard is defined as a dangerous
condition associated with the release of energy
caused by an electric arc (NFPA 70E 2004). The
26 – 4
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release of energy is often referred to as an arc
flash.

It may be possible to eliminate the electrical
hazard with equipment
designed to offer flash
protection. The plug in
the picture at right and
below is designed for
flash protection and
can be used as a
disconnect switch.

An arc flash produces thermal energy which is
measured in calories/cm². Adhering to arc flash
protection calculations can still expose a worker
to second degree burns, or 1.2 calories/cm².
One calorie is the amount of heat needed to
raise the temperature of one gram of water
by 1°C.
Second degree burn results from exposure
to 1.2 cal/cm² for more than 0.1 second.
1.2 calories/cm² is equivalent to holding
your finger in the blue part of a butane
lighter flame for one second.
These conditions can lead to arc flash:
• accidental contact between two conductors
• wiring errors
• insulation deterioration or failure
• corrosion of equipment

Mechanical workers that are potentially exposed
to arc flash should always wear clothing that
provides for some level of arc-flash protection.
Clothing made of synthetic fibres can be readily
ignited by arc flash and melt to the workers
skin. Cotton or wool fabrics are more flameretardant and are therefore recommended as
outer-wear and inner-wear for work clothes.
Clothing that is flame resistant (FR) and rated to
provide protection up to a specified hazard
category must be worn when there is a flash
hazard.

• contamination of the equipment (e.g., dust,
moisture)
• animals, tools, or fallen parts that shortcircuit the equipment
• poor maintenance
• workers using improper or non-rated tools.
If a worker is close to energized electrical
equipment, the worker may be exposed to a
flash hazard, even if the source of the arc flash
is not being worked on. Employers and
supervisors need to ensure these workers are
protected from flash hazards, and should
educate workers on flash hazard recognition.

Protection from an arc flash is afforded by
protective clothing and equipment such as
• wearing flame-resistant clothing
• flame-resistant eye protection (flameresistant face shield is often required as
well)
• hand protection
• hearing protection.
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There are a number of
levels of flame-resistant
(FR) clothing, ranging from
cotton clothes to the flash
suits and face shields
shown in the
accompanying image. The
level of protection
necessary is determined by
a calculation using tables
or a computer program.

• The Institute of Electrical and Electronics
Engineers’ standard 1584, Guide for
Performing Arc-Flash Hazard Calculations.
Contact the IEEE: 1-800-678- 4333,
www.ieee.org.
• CSA standard Z462 Workplace Electrical
Safety. Contact the CSA: 1-800-463-6727,
www.csagroup.org

WORKING ON ENERGIZED SYSTEMS
What if there’s an electrical hazard but work
must be done on or near enough to the hazard
to make electrical contact, or near enough to be
exposed to injury from an arc flash? In such
cases, work while the system is energized is
permitted only if specific conditions are met.

A hypothetical example:
For voltage testing on an
energized part, 240 volts or
less, a worker may require
• FR-rated pants and
shirt (each rated to
withstand 4 calories/cm2)

A flash suit and
face shield are
required for the
more powerful
flash hazards.

Work on energized equipment is permitted only if
• it is not reasonably possible to disconnect
the equipment, installation, or conductor
from the power supply,

• FR-rated safety goggles
• 500-volt-rated class 00 gloves (class 0
gloves protect up to 1000 volts)

• the equipment is rated at a nominal
voltage of 600 volts or less, and
disconnecting the equipment would create
a greater hazard to workers than
proceeding without disconnecting it, or

• 1000-volt-rated tools
• approved hard hat.
Actual calculations for this task may yield
different results.

• the work consists only of diagnostic
testing.

Workers that encounter a flash hazard can take
additional precautions to reduce exposure.

Note: Testing with a meter is working on
energized equipment, and requires
appropriate protection including personal
protective equipment.

• Standing as far away as possible from the
hazard lowers the calorie intensity of an
arc flash.

Unless the work consists only of diagnostic
testing or involves a nominal voltage under 300
volts, an adequately equipped competent
worker who can perform rescue operations,
including cardiopulmonary resuscitation (CPR),
must be stationed where he or she can see the
workers performing the live work.

• Standing to the side when opening
electrical-box doors can reduce exposure
to the full force of a blast.
Information is available to assist with arc-flash
energy calculations. Here are some sources:
• The (US) National Fire Protection
Association’s Standard for Electrical Safety
in the Workplace (NFPA 70E). Contact the
NFPA: 1-800-344-3555, www.nfpa.org.

Work on energized equipment nominally rated
greater than 400 amperes and greater than 200
volts, or greater than 200 amperes and greater
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than 300 volts, can only be done if

workers from electrical shock and burn. The
constructor must have copies of the procedures
available for employers on the project.

1) the owner of the equipment provides the
employer and the constructor with a
record showing that it has been maintained
according to the manufacturer’s
specifications

The employer must provide and explain the
written procedures to workers before they start
work on or near live equipment. The
constructor and the employer both have a
general duty to ensure that the health and safety
of workers are protected.

2) a copy of the maintenance record is
readily available at the project
3) the employer has determined from the
maintenance record that work on the
equipment can be performed safely
without disconnecting it, and

Operating equipment near
energized powerlines
Incidental powerline contact happens too often,
especially considering the potential severity of
the consequences. The Ministry of Labour
reported 108 powerline contacts in 1998. That
number rose to 196 in 2005. See Table 1.

4) before beginning live work, the worker
has verified that requirements 1), 2), and
3) have been met.
Repair or permanently disconnect
defective equipment.

Constructors must be aware of electrical hazards
when equipment such as a crane, dump truck,
or other vehicle is going to be operated near an
energized overhead electrical conductor, or
when excavating equipment such as a backhoe
will be operated near underground powerlines.

Section 2-300 of the Ontario Electrical Safety
Code requires operating electrical equipment
to be kept in safe and proper working
condition.

The constructor must ensure that written
When equipment operates within reach of, and
procedures for work on or near live equipment
could therefore encroach on, the minimum
are produced and implemented to protect
Table 1: Summary of Powerline Contacts
Overhead Lines

Buried Cables

Year

Crane

Dump
truck

Tree
felling

Other

Digging

Other

Total

2005

19

21

9

87

45

15

196

2004

11

16

5

57

53

9

151

2003

16

19

9

63

35

6

148

2002

16

20

4

50

36

6

132

2001

16

22

5

43

27

7

120

2000

15

10

3

59

32

3

122

1999

11

26

2

48

27

1

115

1998

10

17

8

39

27

7

108

TOTALS

114

151

46

446

282

54

(Source: Ontario Ministry of Labour)
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to prevent it from
occurring and to have
copies of the
procedure available for
every employer on the
project.

POWERLINES
OVERHEAD 72000 V

Overhead powerlines
are most frequently hit
by dump trucks and cranes; however, elevating
work platforms and low-tech equipment such as
ladders and rolling scaffolds are also involved.
Keep in mind that many powerline contacts
involve low-voltage service and buried cable.
Safety measures
Written measures and procedures required by
the Construction Regulation include the
following:
• Place enough warning devices in the area
of the hazard so at least one is always
visible to the operator. The warning
devices must be visible to the operator
under any conditions in which the
equipment may be operating (night, rain,
fog, etc.), and must be specific about the
hazard. Provide a sign meeting the

permitted distances from live overhead
powerlines (as listed in Table 2), the constructor
is required to have written procedures in place
Table 2
Normal phase-to-phase voltage rating

Minimum distance

750 or more volts, but no more than 150,000 volts

3 metres

More than 150,000 volts, but no more than 250,000 volts

4.5 metres

More than 250,000 volts

6 metres

The wind can blow powerlines, hoist lines, or your load. This can cause them to cross the minimum
distance.
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requirements of the Construction
Regulation’s section 44, stating, for
example, “Danger! Electrical power lines
overhead.” We recommend that you
include the voltage.

if under the authority of the owner of the
electrical conductor (typically the local utility),
protective devices and equipment are installed,
and written procedures are implemented (for
example, using the Electrical & Utilities Safety
Association (E&USA)’s Electrical Utilities Safety
Rules) that are adequate to protect the equipment
operator from electrical shock and burn.

• Ensure the equipment operator has been
provided with written notification of the
electrical hazard before beginning the work.

Prevention

• Ensure there is a sign warning of the
hazard that is visible to the operator at the
operator’s station. This may come as a
sticker with the machine. Check to ensure
the sticker is still legible.

Ensure that contractors and workers understand
that work should be planned to avoid
powerlines. Prepare for
work that must be done
in close proximity to
energized powerlines by
developing written
procedures ahead of
time. Have overhead
powerlines moved,
insulated, or de-energized
where possible.
Insulating or “rubberizing” powerlines offers
some protection against brush contact in some
circumstances. The local utility may provide this
service.

• Before the operator starts work, ensure
that the employer of the equipment
operator provides and explains the
procedures to the equipment operator.
• A competent worker must be designated as
a signaller to warn the operator when any
part of the equipment, load, or hoist line
may approach the minimum distance. The
signaller must then be in full view of the
operator and have a clear view of the
equipment and the conductor. Section 106
of the Construction Regulation also applies
with respect to the designated signaller.

Identify the voltage of the service by checking
markings on the utility pole and calling the
utility. If material must be stored under
powerlines, hang warning flags and signs to
inform workers about the hazard and the need
to obtain written procedures if hoisting.

An exemption to these measures is only allowed

Provide instruction as part of site orientation:
• Advise operators of large equipment where
overhead and buried powerlines are and
where overhead powerlines may be lower
than expected.
• Remind workers not to let a ladder,
scaffold, or elevated work platform lean or
drift toward overhead powerlines. Always
maintain minimum allowable clearances.
• Inform all workers how powerline hazards
are identified on site and that written

Inside the limit of approach to the powerline.
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procedures are required prior to operating
near them.

the equipment using very small steps to
minimize the contact area with the ground.

• Review an appropriate emergency
response for equipment operators and
workers assisting operators, in case contact
should occur.

6. Report the contact. See “Reporting
Electrical Accidents/Incidents” in this
chapter.
Hidden power supplies

In the event of contact between
equipment and overhead powerlines:

Digging into buried cable resulted in 282
powerline contacts between 1998 and 2005 (see
Table 1). A great many of these resulted from
excavating prior to getting a locate on the
service. If the electrical power cannot be shut
off during excavation, the owner (of the service)
must be present to supervise the uncovering of
the powerline.

1. Stay on equipment. Don’t touch
equipment and the ground at the same
time. Touching anything in contact with
the ground can be fatal. Stay on the
equipment unless forced off because of a
life-threatening hazard such as fire.

The following are some prevention measures for
hidden powerlines.

2. Keep others away. Warn everyone not
to touch the equipment or its load. That
includes buckets, outriggers, load lines,
and any other part of the machine. Beware
of time-delayed relays. After line damage
trips a breaker, relays may still try to
restore power. They may reset
automatically two or three times.

For underground powerlines:
• Before excavating, request that the owner
of the service locate and mark
underground powerlines.
• Contact the utility through Ontario One
Call to locate all underground services.

3. Break contact. If possible, break contact
by moving the equipment clear of the
wires. This may not be feasible where
contact has welded conductors to
equipment, the hoist line, or the load.

• Locate and mark underground lines on
drawings that will be used for excavating.
• Post warning signs along the route of
underground powerlines.

4. Call the local utility. Get someone to
call the local electrical utility for help. Stay
on the equipment until the utility shuts
down the line and confirms that power is
off. Report incidents of powerline contact
so that the utility can check for damage
that could cause the line to fail later.

• When operators of excavation equipment
arrive on site, advise them where
underground services are located and how
they are identified.

5. Jump clear. If forced to leave the
equipment, jump carefully off the
equipment onto the ground landing only
on your feet, with your feet together.
Touching the equipment and the
ground at the same time can be fatal.
Touching the ground at different points
can also be fatal. Shuffle slowly away from
26 – 10
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For powerlines embedded in concrete:

The IEC 1010 standard defines categories I through
IV that are abbreviated as CAT I, CAT II, CAT III,
etc. The higher-numbered categories represent an
electrical environment that is susceptible to higherenergy spikes. For example, multimeters that are
designed to the CAT IV standard provide the
worker more protection from high transient voltage
spikes than do CAT III, CAT II, or CAT I designs.
See the diagram on the next page and Table 3
below for an explanation of each category.

• Ensure various trades provide sleeving
when concrete is poured to reduce the
need to drill.
• Try to have powerlines laid along
dedicated sections of flooring and walls.
• Mark powerline locations on drawings that
will be referenced for drilling.
• Use a location service to ex-ray the
concrete and locate embedded powerlines.

Be sure that the multimeter model has been
tested. Simply being designed to the CAT III
standard, for example, does not mean the
multimeter was also tested to that standard.
Look for proof of independent testing by
an organization accredited by the
Standards Council of Canada, such
as the CSA (Canadian Standards
Association) International logo,
along with the appropriate
category rating on the equipment. Test

MULTIMETERS
In the process of troubleshooting, electrical
workers face the risk of injury from improper
multimeter selection or use. Multimeters that are
designed to meet the International Electrotechnical Commission (IEC) 1010 and
overvoltage category standards, when properly
used, offer the electrician an acceptable level of
protection that is recognized by the electrical
industry. The use of fused leads
provides additional protection
for the worker.

Table 3

Why use overvoltage
category rated multimeters?
Momentary high-voltage
transients or spikes can travel
through a multimeter at any time
and without warning. Motors,
capacitors, lightning, and power
conversion equipment such as
variable speed drives are all
possible sources of spikes.

A failed multimeter

Reprinted in part with permission of Fluke Electronics Canada Inc.
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leads should also be rated at the same or
greater voltage than the multimeter.

face protection; long sleeve shirts;
dielectric safety boots; rubber gloves with
leather protectors; and mats, blankets, or
shields as required. Do not wear
synthetic inner or outer clothing that
can melt if an arc flash occurs.

Understanding overvoltage installation
categories
The division of a power distribution system into
catagories is based on the fact that a dangerous
high-energy transient such as a lightning strike
will be attenuated or dampened as it travels
through the impedance (AC resistance) of the
system. A higher CAT number refers to an
electrical environment with higher power
available and higher-energy transients.
Therefore, a multimeter designed to the CAT III
standard is resistant to much higher-energy
transients than one designed to the CAT II
standard. Categories I through IV apply to low
voltage (less than 1000 V) test equipment.

• Check the manufacturer’s manual for
special cautions. Moisture and cold may
affect the performance of your meter.
• Wipe the multimeter and test leads clean
to remove any surface contamination prior
to use.
• Use fused test leads. Ensure fused leads
and internal probe fuses are rated as high
as or higher than the equipment you are
going to work on. A minimum of 30 kA is
recommended (200 kA is desirable).
• Ensure that test leads are in the correct
input jacks.
• When the values to be measured are
uncertain, start testing with high ranges of
the multimeter, then move to the lower
ranges.
• Connect to the ground first, and disconnect
from ground last.
• Test the multimeter on a known power
source to verify that the meter is
functioning properly before and after
testing the suspect circuit, using the same
power function for all three tests.

Safe use of multimeters
• Use only multimeters that display both the
CSA logo (or equivalent) and the CAT (I,
II, III, or IV) designation. Categories I
through IV apply to low voltage (less than
1000 V) test equipment.

Using a meter to confirm zero energy
for a lockout
Set the meter to the power function to be used
for validating the zero energy. Test to ensure
the meter is functioning correctly by testing on
a known power source, then test the locked
out circuit to verify the power has been
effectively isolated, and finally re-test on the
same known power supply to verify the
meter’s fuse has not blown and the meter is
still functioning correctly on that power setting.

• Check to ensure that the meter’s voltage
rating is appropriate for the work being
done. Be aware of multimeters with
maximum voltage ratings typical of other
countries (550 V for example).
• Use personal protective equipment such as
arc flash fire-resistant clothing; eye and
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available from Orderline at 1-888-361-0003
or www.orderline.com.

PORTABLE TOOLS AND EXTENSION
CORDS

2. A switch and panel board,

1. Unless they are double-insulated, tools
must have:

a) must be securely mounted on a soundly
constructed vertical surface;

a) the casing grounded

b) must have a cover over uninsulated
parts carrying current;

b) a polarized plug connection.
2. Extension cords must be of the outdoor
type, rated for 300 volts, and have an
insulated grounding conductor.
3. Defective cords must not be used. They
should either be destroyed or tagged and
removed from the jobsite until they are
repaired.

Lockout

Shelter for
Temporary Panel

4. Extension cords should be protected
during use to prevent damage.
c) be located,

5. Extension cords should be plugged into
Class A GFCIs. When built-in GFCI
receptacles are not available, protection can
be attained with an in-line GFCI plugged
directly into the supply receptacle. Electric
tools used outdoors or in wet locations
must be protected by a Class A GFCI.

• in an area where water will not
accumulate; and
• within easy reach of workers and
readily accessible to them;
d) must be kept clear of obstructions in the
area in front of the panel board;
e) that controls a service entrance, service
feeder or branch circuit providing
temporary power,
• must not be locked in the energized
position; and

In-line Class A GFCI.

• must be housed in an enclosure that
can be locked and is provided with a
locking device.
f) When supplying power to tools that will
be used outdoors or in wet locations, the
receptacle must be protected by a class
A ground fault circuit interrupter (GFCI).

TEMPORARY WIRING AND POWER
1. Temporary wiring for construction or
demolition projects must be installed in
accordance with the Ontario Electrical
Safety Code 23rd Edition/2002 (as
amended by O. Reg. 62/07). Copies

GFCI in Panel Box
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each machine as follows: NEUTRAL BONDED
TO FRAME or NEUTRAL FLOATING.
Electrical Safety Authority Flash notice 03-03-FL
Portable generators with no connection
between the neutral and the case cannot be
used for a stand-alone electrical supply for the
operation of portable electrical equipment.
Generators with no connection between the
neutral and the case are intended to be
connected to a distribution system through a
transfer switch. An example of this is a standby
backup system in a residential home which
kicks in upon failure of the utility supply. These
generators will be labelled “Neutral Floating”.

OTHER ELECTRICAL ISSUES
Electromagnetic induction
Electromagnetic induction can create an electric
current in a dead circuit. The condition occurs
when a magnetic field from another wire,
circuit, or device cuts across a wire in its path
and produces a charge in that wire. Temporary
grounding will prevent electromagnetic
induction. The temporary grounding cable must
be the same size conductor as the one found
within the circuit.

3. Portable generators for use as a standalone supply for portable electrical devices
must be labelled “Neutral Bonded To
Frame.”
“Portable Generators for portable
electrical devices shall be a generator
with the neutral bonded to the case to
facilitate the operation of the overcurrent
protection device(s).” Labelling on newer
portable generators must indicate the status of
the neutral conductor and shall be marked on

Grounding
A ground conductor provides a direct physical
connection to the mass of the earth.
A grounding conductor limits the voltage or
current to the ground during normal operation,
and also prevents excessive voltages due to
lightning strikes.
A temporary ground provides a direct physical
connection to the mass of the earth. Temporary
grounding typically involves the use of a wire or
cable that has one end connected to a deenergized circuit, and the other end to a known
grounded connection. The known grounded
connection can be the equipment frame (note
that if the equipment is electrically isolated, the
frame may not provide an effective grounded

Labelled “Neutral Floating”
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connection), a metal water pipe, a ground
electrode, or other acceptable grounding medium.

in a fire must be inspected by the electrical
utility inspector before being reactivated.

Ground all phases. Attach a temporary ground
cable to the system and keep it in place until
work is completed.

REPORTING ELECTRICAL
ACCIDENTS/INCIDENTS
All accidents, regardless of severity, must be
reported promptly to management and the
immediate supervisor, and a record should be
kept at the jobsite. When a serious or fatal
injury involves a union member, the union
office and steward must be notified
immediately. Labour and management should
cooperate fully in conducting an investigation.

Connecting and disconnecting conductors
Disconnect devices used to isolate electrical
equipment must be certified by CSA
International or another certification body
accredited by the Standards Council of Canada.
It is important that the device has the
appropriate rating for the available current and
load it is serving. Never assume a circuit has
been de-energized when the disconnect is in the
open position. Check for power in all
conductors, then follow prescribed lockout and
tagging procedures before beginning work.

Part VII of the Occupational Health and Safety
Act specifies the requirements for notification in
the event of fatalities, injuries, and accidents. In
the event of an accident that requires reporting
and investigation, care should be taken not to
disturb the accident scene, nor should equipment
or tools involved in the accident be removed.

Capacitors
Isolate the capacitor by opening the circuit
breaker or the isolation device connecting it to
the circuit. Drain off the accumulated charge for
five to ten minutes with the system device. Short
circuit and ground the capacitor using a hot
stick and required personal protective
equipment.

Contact with an overhead powerline
Contact with an overhead powerline must be
reported to multiple parties.
If accidental contact occurs with an energized
powerline carrying 750 V or more, report the
contact to the inspection department of the
Electrical Safety Authority (ESA), and provide
written notice to the Ministry of Labour, joint
health and safety committee or health and safety
representative, and trade union.

Electrical fires
Never put water on fires in live electrical
equipment or wiring. Water is a conductor and
increases the risk of arc flash and electrocution.
An electrical fire in a confined space can rapidly
deplete oxygen and may release toxic fumes. If
possible, switch off power. Avoid inhaling fumes
and vacate the area at once. If necessary,
breathe through a damp cloth and stay close to
the floor. Use a Class C fire extinguisher.
Intended for electrical fires, Class C
extinguishers employ a non-conductive
extinguishing agent. An ABC fire extinguisher
may also be used on an electrical fire. Every
worker who may be required to use a fire
extinguisher must be trained in its use. Report
fires immediately. Wiring or equipment involved

Fatality or critical injury
A written report is required under subsection
51 (1) of the Act, respecting an occurrence in
which a person is killed or critically injured.
(See box on next page.)
Section 53 of the Act: Where a notice or report
is not required under section 51 or 52, and an
• accident
• premature or unexpected explosion, fire,
flood or inrush of water
• failure of any equipment, machine, device,
article, or thing
26 – 15
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• cave-in, subsidence, rockburst

Reporting serious electrical incidents to
the ESA

• or other incident as prescribed (see box
below)

An owner, contractor, or operator of a facility
must report any serious electrical incident to the
Inspection Department of the ESA within 48
hours after the occurrence.

occurs at a project site, mine, or mining plant,
notice in writing of the occurrence shall be given
to a director, the joint health and safety committee
or health and safety representative, and trade
union, if any, by the constructor of the project or
the owner of the mine or mining plant within two
days of the occurrence containing such
information and particulars as are prescribed.

“Serious electrical incident” means,
a) Any electrical contact which causes death
or critical* injury to a person, or
b)Any fire or any explosion or any
condition suspected of being electrical in
origin which might have caused a fire,
explosion, loss of life, critical* injury to a
person, or damage to property, or

For the purpose of the Act, the Regulations,
and the Ontario Electrical Safety Code,
“critically injured” means an injury of a
serious nature that,
• places life in jeopardy;

c) Any electrical contact with electrical
equipment operating at over 750 volts, or

• produces unconsciousness;

d)Any explosion or fire of electrical
equipment operating at over 750 volts.

• results in substantial loss of blood;
• involves the fracture of a leg or arm but
not a finger or toe;

OESC 2002

• involves the amputation of a leg, arm,
hand, or foot but not a finger or toe;

* see definition of “critically injured” under
“Fatality or Critical Injury” above.

• consists of burns to a major portion of
the body; or,

Notice of accident, explosion or fire
causing injury

• causes the loss of sight in an eye.
Note: O. Reg. 834 and Ontario Electrical
Safety Code (OESC) (twenty third edition
2002) use virtually identical wording for the
definition of “critically injured.”

If a person is disabled from performing his or
her usual work or requires medical attention
because of an accident, explosion, or fire at a
workplace, but no person dies or is critically
injured because of that occurrence, the
employer shall, within four days of the
occurrence, give written notice of the
occurrence containing the prescribed
information and particulars to the following:

For the purpose of section 53 of the Act, a
prescribed incident includes:
• accidental contact by a worker or by a
worker’s tool or equipment with energized
electrical equipment, installations or
conductors. s.11 O. Reg. 213/91

1. The joint health and safety committee or
the health and safety representative, and
the trade union, if any.

• Accidental contact by a crane, similar
hoisting device, backhoe, power shovel
or other vehicle or equipment or its load
with an energized electrical conductor
rated at more than 750 volts. s.11
O. Reg. 213/91

2. The Director, if an inspector requires
notification of the Director.
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with a hydraulic or pneumatic primary power source, or it
may become activated on a timed schedule. With some
equipment, gravity and momentum can present
unexpected hazards.

CONTENTS
•

What is lockout and tagging?

•

Forms of energy

•

Procedure

•

Planning steps

•

Explanation of steps

•

Summary

You must recognize and control conditions such as these.
Switches, power sources, controls, interlocks, pneumatics,
hydraulics, computer-controlled sources, gravity-operated
sources—all of these must be locked out and
appropriately tagged by each worker involved.

PROCEDURE

WHAT IS LOCKOUT AND TAGGING?

Know the law

Lockout and tagging ensures that hazardous energy
sources are under the control of each worker. Serious or
fatal accidents can occur when people assume that
machinery is turned off or made harmless—but it isn’t.

Section 190 of the Construction Regulation (O. Reg.
213/91) lists the requirements for lockout and tagging,
including the requirement that “written procedures for
compliance with this section shall be established and
implemented.”

Lockout is a procedure that prevents the release of
hazardous energy. It often involves workers using a
padlock to keep a switch in the “off” position, or to isolate
the energy of moving parts. This prevents electric shock,
sudden movement of components, chemical combustion,
falling counterweights, and other actions that can
endanger lives. Lockout is a physical way to ensure that
the energy source is de-energized, deactivated, or
otherwise inoperable.

Many plants or industrial establishments will have specific
procedures for lockout and tagging. This makes sense
because the in-plant workforce will have proven its
procedures through use on the particular system or
machine in question.
Follow these procedures, but also verify that all energy
sources have been isolated because construction work
may differ from routine plant maintenance.

Tagging tells others that the device is locked out, who
has locked it out, and why. Tagged devices and systems
must not be re-energized without the authority of those
named on the tag.

Plant personnel may shut down machines, equipment, or
processes. In other cases, plant representatives may
issue permits: 1) a work permit to allow work on their
equipment and 2) a lockout permit to ensure that all
lockout procedures are followed before work begins.

FORMS OF ENERGY
When most people think of uncontrolled hazardous
energy, they think of electricity. But construction crews
doing work in industrial or office settings often have to
lock out and tag a variety of energy sources. Here are the
main types.
•

Electrical—electrical panels, generators, lighting
systems, etc.

•

Mechanical (the energy of moving parts)—flywheels,
blades, fans, conveyor belts, etc.

•

Potential (stored energy that can be released during
work)—suspended loads, compressed air, electrical
capacitors, accumulated bulk goods, coiled springs,
chemical reactions, changing states (solid—liquid—
gas), etc.

•

Hydraulic—presses, rams, cylinders, cranes, forklifts,
etc.

•

Pneumatic—lines, compression tanks, tools, etc.

•

Thermal—steam, hot water, fire, etc.

•

Chemical—flammable materials, corrosive
substances, vapours, etc.

A written safe work procedure for lockout and tagging is
essential. Once implemented and followed, a good
procedure ensures that no form of energy can harm
anyone during a lockout.
A written procedure helps to ensure that lockout and
tagging have been thoroughly and effectively carried out
before work begins. It should include
•

training requirements for workers and supervisors

•

quality, type, and colour of locks, scissors, chains,
blanks, blinds, and other lockout devices

•

method of identifying lock owners

•

control of keys for locks

•

colour, shape, size, and material for tags

•

method of securing tags and information to be
included

•

communication and authorization procedure for
shutting down and starting up machinery and
equipment

•

record-keeping requirements

•

itemized steps to meet lockout objectives.

Some equipment may involve more than one type of
energy, and pose unexpected hazards. For example, a
machine may have an electrically operated component
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PLANNING STEPS
Specific lockout procedures will vary depending on the work and the processes which must be shut down.
The following chart can help you develop specific procedures.

1. Locate area. Identify equipment, machinery, etc.

2. Identify all energy sources

3. Determine parts to be locked out

4. Determine proper lockout methods

5. Notify affected personnel

6. Shut down equipment

7. Lock out equipment

8. Tag locked-out equipment

9. Verify: zero-energy state?

10. Perform the work

No

Yes

11. Communicate that work is complete
and all personnel are clear

12. Restore power

Yes

Work still required?
No

13. Return control to operating personnel

14. Record date/time lockout removed and
system restored
27 – 2
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EXPLANATION OF STEPS

STEP 6: SHUT DOWN EQUIPMENT AND MACHINERY

STEP 1: LOCATE WORK AREA AND IDENTIFY
EQUIPMENT, MACHINERY, OR OTHER SYSTEM
COMPONENTS TO BE WORKED ON

Qualified personnel must shut down the equipment,
machinery, or other system components, placing them in
a zero-energy state. Trace all systems to locate and lock
out energy sources. The main source may be electrical,
for instance, but pneumatic and other forms of energy
may also be present. Always look for other possible
energy sources.

Identify the area with references such as floor, room
name, elevation, or column number. Identify the
equipment that is the subject of the work.

All equipment capable of being energized or activated
electrically, pneumatically, or hydraulically must be deenergized or de-activated by physically disconnecting or
otherwise making the apparatus inoperable.

STEP 2: IDENTIFY ALL ENERGY SOURCES
Identify all energy sources affecting the equipment or
machinery. Identify the various energy forms to be locked
out such as electrical, momentum, pneumatic, hydraulic,
steam, and gravity.

Always ensure that the client and operators are aware of
the plan to shut down and lock out equipment, machinery,
or other system components. In some cases, operations
personnel or equipment operators may be required to shut
down components because of their special qualifications
or knowledge of the system.

STEP 3: IDENTIFY THE PARTS TO BE LOCKED OUT
OR ISOLATED

In determining what needs to be shut down and locked
out, consider the different energy sources that may be
found in the system.

Identify systems that affect, or are affected by, the work
being performed. These may include primary, secondary,
backup, or emergency systems and interlocked remote
equipment.

STEP 7: INSTALL LOCKOUT DEVICES

Review the current system drawings for remote energy
sources and, where required, identify and confirm with the
client or owner the existence and location of any switches,
power sources, controls, interlocks, or other devices
necessary to isolate the system.
Remember that equipment may also be affected by
•

time restrictions for completing the work

•

time-activated devices.

After the circuit has been de-energized and locked out
by the person in charge, each worker involved in the
lockout must be protected by placing his or her
personal lock on the isolating device.

Remember—even though the disconnect is already locked
out, you are not protected until you attach your own
personal safety lock.
Each worker must retain his or her key while the lock is in
place. Only the worker in charge of the lock should have a
key.

STEP 4: DETERMINE LOCKOUT METHODS

Remember . . .

Confirm that the lockout of all energy sources is possible.

•

Merely removing a fuse
doesn’t constitute lockout.
The fuse could be easily
replaced. The fuse should
be removed and the box
locked out.

•

The lockout devices
attached to one system
should not prevent access
to the controls and
energy-isolating devices of
another system.

Some equipment may have to be kept operational to
maintain service to other equipment that cannot be shut
down. Take appropriate steps to provide protection for
workers while working near operating equipment.
Equipment that can be locked out should be locked out by
the methods most appropriate to the hazards.

STEP 5: NOTIFY ALL PERSONNEL AFFECTED
Shutting down equipment may affect operations in other
locations, incoming shifts, or other trades who may be
planning to operate the locked-out system. Before
proceeding with the lockout, inform all personnel who will
be affected.

Locks

At construction sites with a large workforce or at relatively
large factories, you may need to have special
communication methods and permits or approvals.
In-plant procedures specified by the owner or client
take precedence over the procedures outlined here,
provided there is no contravention of existing codes or
laws.

Locks should be high-quality pin-type,
key-operated, and numbered to identify
users.
Multiple locks and lockout bars
When several workers or trades are working on a
machine, you can add additional locks by using a lockout
bar. You can add any number of locks by inserting another
lockout bar into the last hole of the previous bar.
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Other lockout devices

STEP 9: VERIFY ZERO-ENERGY STATE

Scissors—have holes for locks and should
be made of hardened steel.

After any power or product remaining in the equipment
has been discharged or disconnected by qualified
personnel, verify that all personnel are clear of the
equipment. Then try, with extreme caution, to start the
equipment manually. Look for any movement or functions.
If none are observed, confirm that all energy sources are
at a zero-energy state.

Chains—should be high quality and snug
fitting.
Blocks or cribbing—prevent or restrict
movement of parts.

Scissors

Blanks or blinds—are solid
metal plates inserted at
flanged connections to prevent
the flow of liquids or gases.

Test the system to ensure that all electrical components
are de-energized and de-activated, including interlocking
and dependent systems that could feed into the system,
either mechanically or electrically.

Pins and clamps—should be
of high-quality materials and
designed to fit the system.

STEP 10: PERFORM THE TASK
Carry out and complete the work assignment.
STEP 11: COMMUNICATE THAT WORK IS COMPLETE
AND THAT ALL PERSONNEL ARE CLEAR

Blank / blind

•

Ensure that personnel are clear of the locked-out
equipment, machinery, or system.

•

Remove only your tags and locks.

•

Tell personnel that were originally informed of the
lockout that the equipment, machinery, or system is
no longer locked out.

STEP 8: TAGGING
Section 190 of the Construction Regulation (O. Reg.
213/91) requires each worker involved in a lockout
operation to attach a durable tag to his or her personal
lock. The tag must identify the worker’s name, the
worker’s employer, the date and time of lockout, the work
area involved, and the reason for the lockout.

STEP 12: RESTORE POWER
Return systems to operational status and the switches to
power ON. Have qualified personnel restart machinery or
equipment.

A tag in itself offers no guarantee that a machine or
system is locked out. It simply provides information.

STEP 13: RETURN CONTROL TO OPERATING
PERSONNEL
When all work is completed, the person in charge of the
lockout operation should formally return control of the
equipment or system to plant personnel.
STEP 14: RECORD DATE/TIME LOCKOUT REMOVED
AND SYSTEM RESTORED

Front

This last step is important. It saves valuable information
that may be lost if not recorded. Staff involved in the
shutdown may not remain at the same jobsite. Owners or
operators may require this information to help plan future
shutdowns.

Back

SUMMARY

Signs must be placed on the system indicating that
•

it must not be energized or operated

•

guards, locks, temporary ground cables, chains, tags,
and other safeguards must not be tampered with or
removed until
a) the work is complete, and
b) each worker has removed his or her personal
lock.

Lockout can ensure the safety of a single mechanic
working alone or of hundreds of workers in a factory. In
either situation, a procedure for safe lockout and tagging
must be written, implemented, and followed step by step.
Lockout and tagging procedures help to ensure that

A record must be kept of all equipment locked out or
otherwise rendered inoperable so that all of these devices
can be reactivated once the work is complete.

•

all energy sources are identified and locked out

•

energy is not inadvertently restored while work is
proceeding

•

maintenance, repair, installation, and other jobs can
be carried out safely

•

records are kept.
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28 BACKING UP
Reversing vehicles and equipment on construction
projects pose a serious problem for personnel on
foot.
Fatal accidents resulting from workers being
backed over by dump trucks and other equipment
occur all too frequently.
Anyone on foot in the vicinity of reversing vehicles
and equipment is at risk. More then 20 deaths
have occurred on construction sites over a tenyear period as a result of reversing vehicles.

Blind Spots
The main problem with reversing vehicles and
equipment is the driver or operator's restricted view.
Around dump trucks and heavy equipment such
as bulldozers and graders there are blind spots
where the operator has no view or only a very
limited view.
The operator may not see someone standing in
these blind spots. Anyone kneeling or bending over
in these areas would be even harder to see.
Consequently the driver or operator must rely on
mirrors or signallers to back up without running over
someone or into something. Figure 1 shows the
blind spots for common types of construction
equipment.
Dump trucks and cranes are the kinds of equipment
that hit overhead powerlines most often. Beware of
powerline contact whenever a crane, dump truck, or
other vehicle is going to be operated near an
overhead electrical conductor. If equipment operates
within reach of (and could therefore encroach on)
the minimum permitted distance from an overhead
powerline (see the chapter on Electrical Hazards in
this manual), the constructor is required to have
written procedures in place to prevent the equipment
from encroaching on the minimum distance.

Figure 1 – Dark areas indicate operator blind spots.

Accident Prevention
To prevent injuries and deaths caused by vehicles and
equipment backing up, there are four basic approaches:
1)
2)
3)
4)

site planning
signallers
training
electronic devices.

Site planning
Wherever possible, site planners should arrange for drivethrough operations to reduce the need for vehicles to back
up (Figure 2).
Foot traffic should be minimized where trucks and
equipment operate in congested areas such as
excavations. Where feasible, a barricade can help to
Figure 2
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You must have a signaller or spotter when
a) a vehicle or equipment operator’s view of the intended
path of travel is obstructed
b) a person could be endangered by the operation of the
vehicle or equipment, or by its load
c) any part of the equipment could encroach on the
minimum distance to an overhead powerline (see the
chapter on Electrical Hazards in this manual for
minimum distances).
A signaller must be a competent worker and must not
have any other duties to fulfill while acting as a signaller.
Before a worker can act as a signaller, the employer must
ensure that the worker has been given adequate oral and
written instructions in a language that he or she
understands. The employer must keep, on site, a copy of
the written instructions and a record of the training.

Figure 3

protect workers: for example, by keeping excavation work
separate from forming operations (Figure 3).
The hazards of reversing vehicles can also be reduced
through separate access for workers on foot. Where
possible, for instance, a scaffold stair system should be
provided for worker access to deep excavations.
Near loading and unloading areas, pedestrian walkways
can be roped off or barricaded.

Signallers
On some projects, you cannot avoid having reversing
vehicles or equipment on site. Often, they must share an
area with other vehicles and operating equipment – as
well as workers on foot.

A signaller must wear a garment – usually a nylon vest –
that is fluorescent or bright orange, with 2 vertical 5centimetre-wide yellow stripes on the front and 2 similar
stripes forming a diagonal "X" pattern on the back. These
stripes must be retro-reflective and fluorescent. The vest
must have an adjustable fit and have a front and side tearaway feature.
If a signaller has to work during the night, he or she must
wear retro-reflective silver stripes around each arm and leg.
The signaller must maintain clear view of the path that the
vehicle, machine, or load will be travelling and must be
able to watch those parts of the vehicle, equipment, or
load that the operator cannot see. The signaller must
maintain clear and continuous visual contact with the
operator at all times while the vehicle or equipment is
moving (Figure 5), and must be able to communicate with
the operator using clearly understood, standard hand
signals (Figure 6). The signaller must warn other workers
on foot of the approaching vehicle or equipment, and must
alert the operator to any hazards along the route.

Training
Instruction for drivers,
operators, signallers, and
workers on foot is essential to
reduce the hazards created by
reversing vehicles and
equipment.
For example, all construction
personnel must be made
familiar with blind spots – the
areas around every vehicle
that are partly or completely
invisible to the operator or
driver, even with the help of
mirrors (Figure 1).

Figure 5

Stop

Back up

Specific training can then focus
on the following points.

Clearance

Figure 6

Change direction
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Workers on Foot
•

Know how to work safely around
trucks and operating equipment.
• Understand the effect of blind
spots (Figure 7).
• Avoid entering or standing in
blind spots.
• Make eye contact with the
driver or operator before
approaching equipment.
• Signal intentions to the driver or
operator.
Figure 7 - This illustration shows how some personnel on foot are visible to the driver while others are not.
• When possible, use separate
The driver cannot see the dark figures because they are passing through blind spots at the front and rear
access rather than vehicle
of the truck.
ramps to enter and exit the site.
• Stand where you can see and be seen by the driver
• Avoid standing and talking near vehicle paths, grading
or operator.
operations, and other activities where heavy
•
Make
eye contact with driver or operator before
equipment is moving back and forth.
signalling or changing location.
Drivers and Operators
•

•
•
•
•

•

Always obey the signaller or spotter. If more than one
person is signalling, stop your vehicle and determine
which one to obey.
If possible, remain in the cab in areas where other
equipment is likely to be backing up.
Make sure that all mirrors are intact, functional, and
properly adjusted for the best view.
Blow the horn twice before backing up.
When no spotter is present, get out and quickly walk
around your vehicle. If the way is clear, back up at
once (Figure 8).
Stop the vehicle when a spotter, worker, or anyone
else disappears from view.

Electronic Equipment
Since 2000, automatic audible alarms that signal when a
vehicle is being operated in reverse have been required
on dump trucks.
Alarms offer the greatest benefit when traffic is limited to
only one or two vehicles. The warning effect of the alarm
is greatly reduced, however, when it simply becomes part
of the background noise on-site.
This is a common shortcoming with devices that sound
continuously when the transmission is put in reverse,
especially in areas where several vehicles are operating
at once.
Newer devices using a type of radar to sense objects or
people within a pre-set radius appear to be more effective
but are not readily available or widely used.
Other technologies such as infrared or heat sensors and
closed-circuit television are limited by the effects of
vibration, dust, and dirt — conditions all too common on
construction sites.

Figure 8

Signallers
•
•
•
•
•
•

Stay alert to recognize and deal with dangerous
situations.
Know and use the standard signals for on-site traffic
(Figure 6).
Wear a reflective fluorescent or bright orange vest
and a bright hard hat for high visibility.
Use a signalling device such as a bullhorn in
congested excavation areas.
Understand the maneuvering limitations of vehicles
and equipment.
Know driver and operator blind spots.
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•

Attention: Supervisors
Traffic control persons (TCPs) must be given written and
oral instructions regarding their duties. This section is
designed to help you meet the requirement for written
instructions set out in Section 69(4) of the Construction
Regulation.

After Dark
Section 69.1(4) of the Construction Regulation requires
that you wear retro-reflective silver stripes encircling each
arm and leg, or equivalent side visibility-enhancing stripes
with a minimum area of 50cm2 per side.

A worker who is required to direct vehicular traffic,
(a) shall be a competent worker;
(b) shall not perform any other work while directing
vehicular traffic;
(c) shall be positioned in such a way that he or she is
endangered as little as possible by vehicular traffic; and
(d) shall be given adequate written and oral instructions,
in a language that he or she understands, with
respect to directing vehicular traffic, and those
instructions shall include a description of the signals
that are to be used.
In addition, the written instructions must be kept on the
project.

The following measures are recommended:
•
•
•
•

•

•
•

Wear a hard hat with reflective tape.
Use a flashlight with a red cone attachment as well as
the sign and carry spare batteries.
Place flashing amber lights ahead of your post.
Stand in a lighted area under temporary or street
lighting, or illuminated by light from a parked vehicle
(stand fully in the light without creating a silhouette).

What are the requirements of a good
traffic control person?

What are the objectives of traffic
control?
•

150 mm high
on the other side, high-intensity retro-reflective microprismatic fluorescent chartreuse, with a black
diamond-shaped border at least 317 mm x 317 mm,
with SLOW printed in black 120 mm high.

•

To protect construction workers and the motoring
public by regulating traffic flow.
To stop traffic whenever required by the progress of
work. Otherwise to keep traffic moving at reduced
speeds to avoid tie-ups and delays.
To allow construction to proceed safely and efficiently.
To ensure that public traffic has priority over
construction equipment.

•
•
•
•
•

Sound health, good vision and hearing, mental and
physical alertness.
Mature judgment and a pleasant manner.
A good eye for speed and distance to gauge
oncoming traffic.
Preferably a driver's licence.
The ability to give motorists simple directions, explain
hazards, and answer questions.
Liking, understanding, and respect for the
responsibilities of the job.

How do I prepare for each job?

What equipment do I need?
Personal

Before starting work, make sure that you know

•
•

•

•

Hard hat that meets regulated requirements.
Safety boots, CSA-certified, Grade 1 (green triangular
CSA patch outside, green rectangular label inside).
Garment, usually a vest, covering upper body and
meeting these requirements:
- fluorescent or bright orange in colour
- two vertical yellow stripes 5 cm wide on front,
covering at least 500 cm2
- two diagonal yellow stripes 5 cm wide on back, in
an X pattern, covering at least 570 cm2
- stripes retro-reflective and fluorescent
- vests to have adjustable fit, and a side and front
tear-away feature on vests made of nylon.

We recommend that garments comply with CSA standard
Z96-02—and in particular a Class 2 garment, Level 1 or
Level 2.

•
•

•

•

•

Sign
A sign used to direct traffic must be
•
•
•

octagonal in shape, 450 mm wide, and mounted on a
pole 1.2 m long
made of material with at least the rigidity of plywood
6 mm thick
high-intensity retro-reflective red on one side, with
STOP printed in high-intensity retro-reflective white
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the type of construction you will be involved with —
paving, installing pipe, grading, cut and fill, etc.
the type of equipment to be used, such as scrapers,
trucks, compactors, and graders
how the equipment will be operating — for instance,
crossing the road, along the shoulder, in culverts, or
on a bridge
whether you will have to protect workers settling up
components of the traffic control system such as
signs, delineators, cones, and barriers
any special conditions of the contract governing road
use (for instance, many contracts forbid work during
urban rush hours)
how public traffic will flow — for example, along a twolane highway, around curves or hills, by detour or on a
road narrowed to a single lane. This last is a very
common situation and requires two traffic control
persons to ensure that vehicles do not move in
opposing directions at the same time (see next page).
In some cases, where the two cannot see one
another, a third is necessary to keep both in view and
relay instructions (see “Positioning of Traffic Control
Persons,” next page).

TRAFFIC CONTROL

What should I check each day?
•

•

•

•

Positioning of Traffic Control Persons

Make sure that the STOPSLOW sign is clean,
undamaged, and meets height
and size requirements.
Place the TRAFFIC
CONTROL PERSON AHEAD
sign at an appropriate
distance to afford motorists
adequate warning.
Remove or cover all traffic
control signs at quitting time
or when traffic control is temporarily suspended.
Arrange with the supervisor for meal, coffee,
and toilet breaks.

Curve

Hill

Where should I stand?
•
•
•
•
•

Stand the correct distance from the work area. Refer
to TCP Table on the following page.
Do not stand on the travelled portion of roadway and
always face oncoming traffic.
Be alert at all times. Be aware of construction traffic
around you and oncoming traffic on the roadway.
Stand alone. Don't allow a group to gather around you.
Stand at your post. Sitting is hazardous because your
visibility is reduced and the ability of a motorist to see
you is reduced.

Note: On curves and hills, three TCPs or some other means of
communication are required.
The duty of TCP #2 is to relay signals between TCP #1 and #3.

•

TCP TABLE
60 km/h OR LESS, ONE LANE 70 km/h TO 90 km/h, ONE LANE
OR REDUCED TO ONE LANE OR REDUCED TO ONE LANE
IN EACH DIRECTION
IN EACH DIRECTION

POSTED SPEED
TRAFFIC VOLUME
DISTANCE OF TCP
FROM WORK ZONE

LOW

HIGH

LOW

HIGH

10 – 15 m

20 – 30 m

30 – 40 m

40 – 50 m

Once you have been assigned a traffic control
position by your supervisor, look over the area for
methods of escape — a place to get to in order to
avoid being injured by a vehicle heading your way, if
for some reason the driver has disregarded your
signals.
If this should happen, protect yourself by moving out
of the path of the vehicle and then warn the crew.

Where am I not allowed to direct traffic?
Section 69 of Ontario Regulation 213/91 specifies that:

A worker shall not direct vehicular traffic for more than
one lane in the same direction. s. 69(2)
A worker shall not direct vehicular traffic if the normal
posted speed limit of the public way is more than 90
kilometres per hour. s. 69(3)

How should I signal?
•
Typical Arrangement on Two-lane Roadway

•

•

Adjust distances to suit road, weather and speed
conditions. Remember these points:
- Traffic must have room to react to your directions to
stop (a vehicle can take at least twice the stopping
distance on wet or icy roads).
- Stand where you can see and be seen by
approaching traffic for at least 150 metres (500 feet).
- Avoid the danger of being backed over or hit by your
own equipment.
Hills and curves call for three TCPs or some other
means of communication. The job of the TCP in the
middle is to relay signals between the other two.
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Use the STOP-SLOW sign and your arms as shown
below.
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•
•

•

•

•

•
•
•
•

Hold your sign firmly in full view of oncoming traffic.
Give the motorist plenty of warning. Don't show the
STOP sign when the motorist is too close. The average
stopping distance for a vehicle travelling at 50 kilometres
per hour (30 miles per hour) is 45 metres (150 feet).
Higher speeds require more stopping distance.
When showing the SLOW sign, avoid bringing traffic
to a complete halt. When motorists have slowed
down, signal them to keep moving slowly.
When showing the STOP sign, use firm hand signals
and indicate where you want traffic to stop. After the
first few vehicles stop, move to a point on the road
where traffic in the queue can see you.
Before moving traffic from a stopped position, make
sure the opposing traffic has stopped and that the last
opposing vehicle has passed your post. Then turn
your sign and step back on the shoulder of the road.
Stay alert, keep your eyes on approaching traffic,
make your hand signals crisp and positive.
Coordinate your effort with nearby traffic signals to
avoid unnecessary delays, tie-ups, and confusion.
Do not use flags to control traffic.
In some situations, two-way traffic may be allowed
through the work zone at reduced speed, with a traffic
control person assigned to each direction. Since
motorists can be confused or misled by seeing the
STOP side of the sign used in the opposite lane, the
signs must be modified. The STOP side must be
covered to conceal its distinctive shape and command.
This should prevent drivers from stopping unexpectedly.

How can I improve safety for myself
and others?
•

•

•

Don't be distracted by talking to fellow workers or
passing pedestrians. If you must talk to motorists, stay
at your post and keep the conversation brief.
When using two-way radios to communicate with another
traffic control person, take the following precautions:
- Establish clear voice signals for each situation and
stick to them.
- Be crisp and positive in your speech.
- Test the units before starting your shift and carry
spare batteries.
- Avoid unnecessary chit-chat.
- Don't use two-way radios in blasting zones.
When two traffic control persons are working together,
you should always be able to see each other in order
to coordinate your STOP-SLOW signs. Signals
between you should be understood. If you change
your sign from STOP to SLOW or vice-versa, you
must signal the other person by moving the sign up
and down or sideways. This will ensure that traffic
control is coordinated. Two-way radios are the best
way of communicating.
When you can't see the other traffic control person, a
third should be assigned to keep you both in view.

be downloaded for free from www.mto.gov.on.ca through a
library search for the Ontario Traffic Manual.
The information applies to traffic control by any persons or
agencies performing construction, maintenance, or utility
work on roadways in Ontario.
The Construction Regulation under the Occupational
Health and Safety Act makes it mandatory that traffic
control persons be protected from hazards. This includes
not only personal protective clothing and equipment but
measures and devices to guard against the dangers of
vehicular traffic. Safety should receive prime consideration
in planning for traffic control. Regulations under the
Occupational Health and Safety Act are enforced by the
Ministry of Labour.
Traffic control persons have no authority under the
Highway Traffic Act and are not law enforcement officers.
If problems arise, follow these steps.
• Report dangerous motorists to your supervisor.
• Keep a pad and pencil to jot down violators' licence
numbers.
• Ask your supervisor for assistance from police in
difficult or unusual traffic situations.
• Never restrain a motorist forcibly or take out your anger
on any vehicle.
• Always be alert to emergency services. Ambulance,
police, and fire vehicles have priority over all other traffic.

Remember
•
•
•
•
•
•

Always face traffic.
Plan an escape route.
Wear personal protective clothing.
Maintain proper communication with other traffic
control persons.
Stay alert at all times.
Be courteous.

Traffic control is a demanding job, often a thankless job,
but always an important job. How well you succeed will
depend largely on your attitude.

What are my rights under the law?
Additional requirements for traffic control are spelled out in
the Ontario Traffic Manual, Book 7: Temporary
Conditions, available through Service Ontario Publications
(1-800-668-9938). Ask for item number 170076. It can also
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30 MOUNTING
AND DISMOUNTING
Each year, workers are hurt while getting on or off trucks,
backhoes, and other
construction equipment.
Learn the safe way to
mount and dismount.

Three-point contact
When getting on or off
equipment, you need three
points of constant contact
with the machine. That
means one hand and two
feet, or two hands and one
foot – at all times.
Anything less, and you're
risking a fall.
Three-point contact forms
a triangle of anchor points
which changes in form
while you mount or
dismount (Figure 1). You
have the most stability
when the centre of this
triangle is close to your
centre of gravity. Your
weight should be evenly
distributed among the
three contact points. This
means that you should
avoid sideways movement
because it can put you off
balance.

Figure 1

Remember
✓
✓
✓
✓
✓
✓
✓
✓

always face in towards the machine or ladder
mount and dismount only when the equipment is
standing still
break three-point contact only when you reach the
ground, the cab of the vehicle, or a stable platform
take your time
take extra care in wet, snowy, icy, or other dangerous
weather conditions
avoid wearing loose or torn clothing that can catch on
the equipment
get on or off at the safest access position (normally
designed by the manufacturer)
where necessary, retrofit equipment to provide safe
access.

The Construction Regulation states that construction
equipment must have a means of access to the operator's
station that will not endanger the operator, and must have
skid-resistant walking, climbing, and work surfaces.
Ensure that your equipment complies with the law. And
keep runningboards, treads, steps, footholds, and
platforms clear of mud, ice, snow, grease, debris, and
other hazards. Housekeeping keeps you and your coworkers safe!
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• falling over equipment or excavated
material

Contents

• falling into the trench

• Background

• exposure to toxic, irritating, or flammable
gases.

• Soil

types
• Causes of cave-ins
• Protection against cave-ins
• Other hazards and safeguards
• Emergency procedures

Many of these injuries are directly related to
trenching.
Regulations
Supervisors and workers in the sewer and
watermain industry must be familiar with the
“Excavations” section of the Construction
Regulation,

Background
Fatalities

It is important to understand, for instance, the
terms “trench” and “excavation.” An excavation
is a hole left in the ground as the result of
removing material. A trench is an excavation in
which the depth exceeds the width (Figure 1).

A significant number of deaths and injuries in
sewer and watermain work are directly related
to trenching.
Trenching fatalities are mainly caused by
cave-ins. Death occurs by suffocation or
crushing when a worker is buried by falling soil.

Difference between excavation and trench

Over half of all powerline contacts involve buried
cable. Before excavating, the gas, electrical, and
other services in the area must be accurately
located and marked. If the service poses a
hazard, it must be shut off and disconnected.

10'
5'

10'
5'

Injuries
The following are the main causes of lost-time
injuries in the sewer and watermain industry:

Trench

Excavation
Figure 1

• materials and equipment falling into the
trench

The “Excavations” section of the Construction
Regulation identifies the various types of soils
and specifies the type of shoring and timbering
to be used for each. It also spells out the
requirements for trench support systems that
must be designed by a professional engineer.

• slips and falls as workers climb on and off
equipment
• unloading pipe
• handling and placing frames and covers
for manholes and catch basins
• handling and placing pipe and other
materials
• being struck by moving equipment
• falls as workers climb in or out of an
excavation
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Soil types

In Type 2 soil, the sides of a trench will remain
vertical for a short period of time (perhaps
several hours) with no apparent tension cracks.
However, if the walls are left exposed to air and
sunlight, tension cracks will appear as the soil
starts to dry. The soil will begin cracking and
splaying into the trench.

The type of soil determines the strength and
stability of trench walls.
Identifying soil types requires knowledge, skill,
and experience. Even hard soil may contain
faults in seams or layers that make it unstable
when excavated.

Typical Type 2 soils are silty clay and less dense
tills.

The foreman or supervisor must be
knowledgeable about soil types found on a
project and plan protection accordingly. This
knowledge must include an awareness that soil
types and conditions can change over very short
distances. It is not unusual for soil to change
completely within 50 metres or for soil to
become saturated with moisture over even
smaller distances.

Type 3 — Much of the Type 3 soil encountered
in construction is previously excavated material.
Type 3 soil can be excavated without difficulty
using a hydraulic backhoe.
When dry, Type 3 soil will flow through fingers
and form a conical pile on the ground. Dry
Type 3 soil will not stand vertically and the
sides of the excavation will cave in to a natural
slope of about 1 to 1 depending on moisture.

The Construction Regulation sets out four soil
types. If you are unsure about the soil type,
have the soil tested to confirm the type.

Wet Type 3 soil will yield water when vibrated
by hand. When wet, this soil will stand vertically
for a short period. It dries quickly, however,
with the vibration during excavation causing
chunks or solid slabs to slide into the trench.

Type 1 — It is hard to drive a pick into Type 1
soil. Hence, it is often described as “hard
ground to dig”. In fact, the material is so hard, it
is close to rock.

All backfilled or previously disturbed material
should be treated as Type 3. Other typical Type
3 soil includes sand, granular materials, and silty
or wet clays.

When excavated, the sides of the excavation
appear smooth and shiny. The sides will remain
vertical with no water released from the trench
wall.
If exposed to sunlight for several days, the walls
of Type 1 soil will lose their shiny appearance
but remain intact without cracking and
crumbling.

Type 4 — Type 4 soil can be excavated with
no difficulty using a hydraulic backhoe. The
material will flow very easily and must be
supported and contained to be excavated to any
significant depth.

If exposed to rain or wet weather, Type 1 soil
may break down along the edges of the
excavation.

With its high moisture content, Type 4 soil is
very sensitive to vibration and other
disturbances which cause the material to flow.

Typical Type 1 soils include “hardpan,”
consolidated clay, and some glacial tills.

Typical Type 4 material includes muskeg or
other organic deposits with high moisture
content, quicksand, silty clays with high
moisture content, and leta clays. Leta clays are
very sensitive to disturbance of any kind.

Type 2 — A pick can be driven into Type 2
soil relatively easily. It can easily be excavated
by a backhoe or hand-excavated with some
difficulty.
31 – 2

TRENCHING

Many factors such as cracks, water, vibration,
weather, and previous excavation can affect
trench stability (Figure 2). Time is also a critical
factor. Some trenches will remain open for a
long period, then suddenly collapse for no
apparent reason.

Trench open for extended duration may collapse without apparent reason.

Figure 3 shows the typical causes of cave-ins.
Equipment vibration
affects stability.

Backfill is
less stable than
undisturbed soil.

The main factors affecting trench stability are
soil type, moisture, vibration, surcharge,
previous excavation, existing foundations, and
weather.
Moisture content
The amount of moisture in the soil has a great
effect on soil strength.

Surcharge such as spoil pile puts more pressure on trench walls.

Once a trench is dug, the sides of the open
excavation are exposed to the air. Moisture
content of the soil begins to change almost
immediately and the strength of the walls may
be affected.

Figure 3

The longer an excavation is open to the air, the
greater the risk of a cave-in.

Causes of Cave-Ins
Soil properties often vary widely from the top to
the bottom and along the length of a trench.

Rain

Large Load

Vibration
Insufficient Shoring

Cracks

Settling
Water Seepage

Broken Line

Figure 2 - Many factors affect trench stability.
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Vibration

Old utilities are surrounded by backfilled soil which is usually
less stable than undisturbed soil.

Vibration from various sources can affect trench
stability.
Often trench walls are subject to vibration from
vehicular traffic or from construction operations
such as earth moving, compaction, pile driving,
and blasting. These can all contribute to the
collapse of trench walls.

Figure 5

Surcharge
A surcharge is an excessive load or weight that
can affect trench stability.

strength. In some unusual circumstances it may
be Type 4 — wet, muddy, and unable to
support itself.

For instance, excavated soil piled next to the
trench can exert pressure on the walls.
Placement of spoil piles is therefore important.
Spoil should be kept as far as is practical from
the edge of the trench. Mobile equipment and
other material stored close to the trench also
add a surcharge that will affect trench stability.

This kind of soil will not stand up unless it is
sloped or shored.
Existing foundations
Around most trenches and excavations there is a
failure zone where surcharges, changes in soil
condition, or other disruptions can cause
collapse.

One metre from the edge to the toe of the spoil
pile is the minimum distance requirement
(Figure 4). The distance should be greater for
deeper trenches.

When the foundation of a building adjacent to
the trench or excavation extends into this failure
zone, the result can be a cave-in (Figure 6). Soil
in this situation is usually considered Type 3.

Move spoil pile farther back for deep trenches

1m

1m

1m

Existing foundations are surrounded by
backfill and may add a surcharge load to the pressure on the trench wall.

Figure 4

Figure 6

Previous excavation
Weather

Old utility trenches either crossing or running
parallel to the new trench can affect the strength
and stability (Figure 5).

Rain, melting snow, thawing earth, and overflow
from adjacent streams, storm drains, and sewers
all produce changes in soil conditions. In fact,
water from any source can reduce soil cohesion
(Figure 7).

Soil around and between these old excavations
can be very unstable. At best it is considered
Type 3 soil — loose, soft, and low in internal
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GOOD SOIL

Moisture affects stability, especially where heavy rainfall has occurred

Type 1 & 2 Soil

Minimum
Bank Slope

Maximum
1.2 m (4 ft.)

Figure 8
Type 3 Soil

FAIRLY GOOD SOIL
Figure 7

Frozen soil does not mean that you can have
reduced shoring or that a heavier load can be
supported. Frost extends to a limited depth only.

Minimum
Bank Slope
Figure 9

Protection Against
Cave-Ins

Type 4 Soil

BAD SOIL

Minimum
Bank Slope

There are three basic methods of protecting
workers against trench cave-ins:
•

sloping

•

trench boxes

•

shoring

Figure 10

For Type 3 soil, cut walls back at a gradient of 1
to 1 from the trench bottom (Figure 9).

Most fatal cave-ins occur on small jobs of short
duration such as service connections and
excavations for drains and wells. Too often
people think that these jobs are not hazardous
enough to require safeguards against collapse.

For Type 4 soil, slope the walls at 1 to 3. That’s
3 metres back for every 1 metre up from the
trench bottom (Figure 10).
Although sloping can reduce the risk of a cave-in,
the angle must be sufficient to prevent spoil not
only from sliding back but also from exerting too
much pressure on the trench wall (Figure 11).

Unless the walls are solid rock, never enter a
trench deeper than 1.2 metres (4 feet) if it is not
properly sloped, shored, or protected by a
trench box.

Spoil piles can exert too much pressure on sloped trench wall.

Sloping
One way to ensure that a trench will not
collapse is to slope the walls.
Figure 11

Where space and other requirements permit
sloping, the angle of slope depends on soil
conditions (Figures 8, 9 and 10).

Sloping is commonly used with shoring or
trench boxes to cut back any soil above the
protected zone. It is also good practice to cut a
bench at the top of the shoring or trench
(Figure 12).

For Type 1 and 2 soils, cut trench walls back at
an angle of 1 to 1 (45 degrees). That's one
metre back for each metre up. Walls should be
sloped to within 1.2 metres (4 feet) of the
trench bottom (Figure 8).
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Excavation should be done so that the space
between the trench box and the excavation is
minimized (Figure 14).

It is good practice to cut a
bench at top of shoring

The two reasons for this are
1) allowing closer access to the top of the
box
2) limiting soil movement in case of a
cave-in.

Figure 12

Check the drawings and specifications for the
trench box to see if the space between the box
and the trench wall needs to be backfilled and
the soil compacted.

If sloping is to be used above a trench box, the
top portion of the cut should first be sloped 1 to
1 (or 1 to 3 for Type 4 soil — see previous
page). Then the box should be lowered into the
trench (Figure 13).

Keep space between trench box and excavation as small as possible.

Cut back unshored top position with a 1 to 1 slope
(or a 1 to 3 slope for Type 4 soil)

Backfill
if necessary
to prevent a
cave-in.

Figure 13

Trench boxes
Trench boxes are not usually intended to shore
up or otherwise support trench walls. They are
meant to protect workers in case of a cave-in.

Shoring

Design drawings and specifications for trench
boxes must be signed and sealed by the
professional engineer who designed the system
and must be kept on site by the constructor.

Shoring is a system which “shores” up or
supports trench walls to prevent movement of
soil, underground utilities, roadways, and
foundations.

Boxes are normally placed in an excavated but
unshored trench and used to protect personnel.
A properly designed trench box is capable of
withstanding the maximum lateral load expected
at a given depth in a particular soil condition.

Shoring should not be confused with trench
boxes. A trench box provides worker safety but
gives little or no support to trench walls or
existing structures such as foundations and
manholes.

Trenches near utilities, streets, and buildings
may require a shoring system.

The two types of shoring most commonly used
are timber and hydraulic. Both consist of posts,
wales, struts, and sheathing.

Figure 14

As long as workers are in the trench they
should remain inside the box. Workers must not
be inside the trench or the box when the box is
being moved. A ladder must be set up in the
trench box at all times.

Figures 15 and 16 identify components,
dimensions, and other requirements for timber
shoring in some typical trenches.
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Most hydraulic systems are
• light enough to be installed by one worker
• gauge-regulated to ensure even distribution
of pressure along the trench line
• able to “pre-load” trench walls, thereby
using the soil's natural cohesion to prevent
movement.
• easily adapted to suit various trench depths
and widths.
Wherever possible, shoring should be installed
as excavation proceeds. If there is a delay
between digging and shoring, no one must be
allowed to enter the unprotected trench.
Figure 15

All shoring should be installed from the top
down and removed from the bottom up.
Access/egress
Whether protected by sloping, boxes, or shoring,
trenches must be provided with ladders so that
workers can enter and exit safely (Figure 17).
Ladders must
• be placed within the area protected by the
shoring or trench box
• be securely tied off at the top
• extend above the shoring or box by at
least 1 metre (3 feet)
Figure 16

“Hydraulic shoring” refers to prefabricated strut
and/or wale systems in aluminum or steel. Strictly
speaking, these may not operate hydraulically.
Some are air-operated or manually jacked. Design
drawings and specifications for prefabricated
shoring systems must be kept on site.

Ladders should
be placed within
shored area and
tied off to prevent
slipping.

One major advantage of hydraulic shoring over
some applications of timber shoring is safety
during installation. Workers do not have to enter
the trench to install the system. Installation can
be done from the top of the trench.
Figure 17
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Check timber shoring before installation. Discard
damaged or defective lumber. After installation,
inspect wales for signs of crushing. Crushing
indicates structural inadequacy and calls for
more struts (Figure 19).

• be inspected regularly for damage.
Ladders should be placed as close as possible to
the area where personnel are working and
never more than 7.5 metres (25 feet) away.
Anyone climbing up or down must always face
the ladder and maintain 3-point contact. This
means that two hands and one foot or two feet
and one hand must be on the ladder at all
times.

Bowed sheathing
and wales

Cracked sheathing

Loose or
missing
cleats

Maintaining 3-point contact also means hands
must be free for climbing. Tools and materials
should not be carried up or down ladders. Pumps,
small compactors, and other equipment should be
lifted and lowered by methods that prevent injury
from overexertion and falling objects.
Inspection
Inspection is everyone's responsibility. Whatever
the protective system, it should be inspected
regularly.

Inspect wales
for crushing at struts.

Check hydraulic shoring for leaks in hoses and
cylinders, bent bases, broken or cracked
nipples, and other damaged or defective parts
(Figure 18).

Strut off level

Figure 19

Inspect trench boxes for structural damage,
cracks in welds, and other defects (Figure 20).
During use, check the box regularly and often
to make sure that it is not shifting or settling
much more on one side than the other. If it is,
leave the trench and ask the supervisor to check
for stability.

Check hydraulic
shoring
for leaks.

Check ground surface for tension cracks which
may develop parallel to the trench at a distance
one-half to three-quarters of the trench depth
(Figure 21). If cracks are detected, alert the crew
and check all protective systems carefully.
Check areas adjacent to shoring where water
may have entered the trench. A combination of
water flow and granular soils can lead to
undermining of the trench wall. Such conditions
have caused fatalities.
Finally, make sure that tools, equipment,
material, and spoil are kept at least 1 metre
(3 feet) back from the edge of the trench to
prevent falling objects from striking workers.

Figure 18
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Summary
Sloping, trench boxes, and shoring are meant to
protect workers from the hazards of cave-ins.

Deformed Plate
Check welds on
sleeves and struts
for bends
and distortion

The method chosen must meet the specific
requirements of the job at hand. Depending on
application, one method may be better suited to
certain conditions than another.
Whatever the system, inspect it regularly to
make sure that it remains sound and reliable.
Remember: Never enter a trench more than
1.2 metres (4 feet) deep unless it is sloped,
shored, or protected by a trench box.

Other Hazards and
Safeguards

Damage

The risk of a cave-in is not the only hazard in
trenching. Injuries and deaths are also related to
six other major areas:

Bent
Strut
Missing
Strut
Figure 20

• personal protective equipment
• utilities underground and overhead
• materials handling and housekeeping

Sidewall

• heavy equipment
• traffic control
• confined spaces.
Check for
tension cracks

Strut

Personal protective equipment
Personal protective equipment is an important
defence against certain types of injury.
Injuries from falling and flying objects, for
instance, can be reduced by wearing hard hats
and eye protection.

Knife edge
Figure 21

Everyone on a construction project must wear
Grade 1 safety boots certified by the Canadian
Standards Association (CSA) as indicated by the
CSA logo on a green triangular patch (Figure 22).
Under the wet, muddy conditions often
encountered in trenching, you may also require
rubber safety boots displaying the same CSA
logo on a green triangular patch.
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utilities are not part of the Ontario One Call
system. Contact those utilities separately for
locate requests.
The service locate provided by the utility owner
should indicate, using labelled stakes, flags,
and/or paint marks, the centre line of the
underground utility in the vicinity of the
proposed excavation.
The excavator should not work outside of the
area covered by the locate stakeout information
without obtaining an additional stakeout.
Existing utility lines may require support.

Figure 22

It is mandatory for everyone on a construction
project to wear head protection in the form of a
hard hat that complies with the current
Construction Regulation.
Eye protection is strongly recommended to
prevent injuries from construction operations
such as chipping and drilling and site conditions
such as dust.

Figure 23

Personnel exposed for long periods to noisy
equipment should wear hearing protection.

Locate stakeout accuracy should be considered
to be 1 metre on either side of the surface
centre line locate unless the locate instructions
specifically indicate other boundary limits.

Work in confined spaces such as manholes and
valve chambers may require respiratory
protection against hazardous atmospheres. See
the chapter on Confined Spaces in this manual
for more information.

Where the underground utility cannot be
located within the locate stakeout limits, the
utility owner should be contacted to assist with
the locate.

See the chapters on personal protective
equipment in this manual for more information.
Underground utilities
Locates — Services such as gas, electrical,
telephone, and water lines must be located by
the utility before excavation begins.
Request locates for all the underground utilities
in the area where excavation will be taking
place. The contractor responsible for the work
must contact the owners of any underground
utilities that may be in that location or phone
Ontario One Call (1-800-400-2255). Some

Have existing
utilities located
before
excavating.

Figure 24
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Centre line locates should be provided and test
holes dug where a representative of the utility
identifies
(a) alignment changes
(b) changes in elevation.
Where an underground utility may need support
or where it may shift because of disturbance of
surrounding soil due to excavation, guidelines
for excavation and support should be obtained
from the owner of the utility (Figure 23).
Services should
be exposed first
by hand digging,
then by machine.

Hydro excavation —
Precautions:
• Before starting work, use barricades and
signs to inform unauthorized personnel to
keep out.

Figure 25

Mechanical excavation equipment should not be
used within the boundary limits of the locate
without first digging a hole or holes using the
procedure below to determine the underground
utility's exact centre line and elevation.

• Employers must ensure that workers are
properly trained on the machine they are
using.

Test holes should, in general, be excavated by
one of the following methods:

• When exposing underground power
utilities the operators should use bonding
mats.

(a) machine excavation immediately outside
the boundary limits and then hand digging
laterally until the underground utility is
found; or

• Use a fall-protection system when
required.
• Keep clear of the vacuum. It is powerful
and can cause serious injury or even death
if you are caught in the tube.

(b) (i) hand excavation perpendicular to
the centre line of the locate in cuts of at
least 1 foot in depth;

• Some utility owners set limits for the water
pressure that can be used near their buried
plan. Check with the utility owner before
excavating.

(ii) mechanical equipment can then be
used carefully to widen the hand-dug
trench to within one foot of the depth
of the hand-dug excavation;

• Excavators can refer to the following for
further information:

(iii) repeat steps (i) and (ii) until the
utility is located; or

- TSSA/ESA Guidelines for Excavations in
the Vicinity of Gas Lines

(c) a hydro-excavation system — acceptable
to the owner of the utility — which uses
high-pressure water to break up the cover
material and a vacuum system to remove it
can be used to locate the underground
utility. See the next section for more
information about hydro excavation.

- Safe Practice Guide Excavating with
Hydrovacs in the Vicinity of
Underground Electrical Plant, available
from IHSA (www.ihsa.ca).
Workers using or in the vicinity of hydro
excavation:
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2) Leave the trench immediately. Gas can
collect there.

• Keep away from the operation if you are
not directly involved in the work.
• Wear hearing protection if working in
vicinity of the hydrovac truck.

Overhead powerlines
When equipment operates within reach of (and
could therefore encroach on) the minimum
permitted distance from a live overhead powerline,
the constructor must have written procedures in
place to prevent the equipment from encroaching
on the minimum distance.

• Be aware of the hazards, such as slips
from the runoff water and ice during the
winter.
• Wear appropriate eye and face protection
such as safety glasses and faceshields.
They will protect you from getting any
airbourne debris (caused by splashing) in
your eyes.
• Keep clear of the vacuum. It is powerful
and can cause serious injury or even death
if you are caught in the tube.

Voltage Rating of Powerline

Minimum Distance

750 or more volts, but not
more than 150,000 volts
more than 150,000 but
not more than 250,000 volts
more than 250,000 volts

3 metres (10')
4.5 metres (15')
6 metres (20')

If equipment touches a high-voltage line,
the operator should take the following
precautions.

Breaks — Breaks in electrical, gas, and water
services can cause serious injuries, even deaths.
Hitting an underground electrical line can result
in electrocution, while hitting a gas line can
cause an explosion. A broken water line can
release a sudden rush of water, washing out
support systems and causing a cave-in.

1) Stay on the machine. Don’t touch
equipment and ground at same time.
Touching anything in contact with the
ground could be fatal.
2) Anyone operating accessory equipment
should also remain on that equipment.
They should also avoid making contact
with the ground and the equipment at the
same time.

Cutting telephone lines can create a serious
problem if emergency calls for police, fire, or
ambulance are required.
In the event of gas line contact, call the gas
company immediately. The company will check
the line and close down the supply if necessary.
If a leak is suspected, people in the immediate
area should be told to evacuate. Where service to
a building or home has been struck, people
inside should be advised to leave doors and
windows open; shut off appliances, furnaces, and
other sources of ignition; and vacate the premises
until the gas company declares it safe to return.
Construction personnel should take two
precautions.

Keep people away from machine
if there is a powerline contact.
Stay on the machine unless there
is an emergency such as fire.

1) Put out smoking materials and shut off
other sources of ignition such as engines
and equipment.

Figure 26
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3) Keep others away. Warn them not to touch
the load, load lines, boom, bucket, or any
other part of the equipment (Figure 26).

8) Jump with feet together and shuffle away
in small steps. Don’t take big steps. With
voltage differential across the ground, one
foot may be in a higher voltage area than
the other. The difference can kill you
(Figure 28).

4) Get someone to call the local utility to shut
off power.
5) If possible, the operator (while remaining
on the machine) can try to break contact
by moving the machine clear of the wires.

Voltage differential
across the ground can
injure or kill you.

Warning: Beware of time relays. Even
after breakers are tripped by line
damage, relays may be triggered to
restore power.
6) If the operator can’t break contact by
moving the machine (while remaining on
it), do not move the machine until the
utility shuts down the line and confirms
that power is off.
7) If an emergency such as fire forces you to
leave the machine, jump clear (Figure 27).
Never step down. If part of your body
contacts the ground while another part
touches the machine, current will travel
through you.

Figure 28

Special precautions are required for casualties in
contact with live powerlines or equipment.
1) Never touch the casualty or anything in
contact with the casualty.
2) If possible, break contact. Use a dry board,
rubber hose, or dry polypropylene rope to
move either the casualty or the line. An
object can sometimes be thrown to
separate the casualty from the wire.
Warning : Touching the casualty, even
with dry wood or rubber, can be
dangerous. With high voltage lines,
objects that are normally insulators
can become conductors.
3) Call emergency services — in most cases
ambulance, fire department, and utility.

If an emergency forces you to leave the machine, jump clear
with feet together and shuffle away — never step down.
Figure 27
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4) Provide first aid once the casualty is free of
contact. If the casualty is not breathing,
begin artificial respiration immediately
(mouth-to-mouth is most efficient) or CPR.
Apply cold water to burns and cover with
clean dressing.
Figure 30

are suspended from hoisting equipment, keep
hands away from slings or chokers in tension.
When guiding and pushing sections together by
hand, never curl fingers around ends or flanges.

Materials handling
Many lost-time injuries in trenching involve
materials handling. Moving rock and soil, lifting
pipe and manhole sections, laying down
bedding material, or lowering pumps and
compactors into the trench can all be hazardous.

As pipe is placed along the trench, each section
should be blocked or set so that it cannot roll
and cause injury.

Pipe — Trucks should always be on level
ground when pipe is unloaded. Pipe should be
chocked or staked before tie-downs are
released. These measures will reduce the risk of
sections rolling off the truck.

Back injuries can occur when small-diameter
pipe is being homed into position (Figure 29).
The worker pushing the bar should place his
feet directly in front of the pipe with one foot
ahead of the other.

Plastic and small diameter pipe is often banded
with metal straps. Be careful cutting the straps.
They are under tension and can fly back and hit
you.

Large-diameter pipe should be placed with pipe
pullers (Figure 30).
Bedding material — Personnel shovelling
bedding material in the trench are usually
working in a confined area where footing is
muddy and uneven.

Personnel often injure fingers and hands when
laying and joining sections of pipe. While sections

The result can be overexertion or slips and falls
leading to back and other injuries. Mechanical
equipment can significantly reduce this hazard.
For instance, bedding material can be put in the
excavator bucket with a front-end loader, then
spread evenly along the trench bottom.

To maintain
balance, keep
one foot ahead
of the other.

Rigging — Rigging is essential to safe, efficient
materials handling since pipe, manhole sections,
and equipment are lowered into the trench by
cranes or other hoisting devices.
Rigging these loads properly can prevent injury.
Inspect slings and rigging hardware regularly
and replace any damaged or worn devices.
With nylon web slings, damage is usually
easy to spot: cuts, holes, tears, worn or distorted
fittings, frayed material, broken stitching, heat

Figure 29
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burns. Damaged web slings should be replaced.
When using wire rope slings, inspect for
broken wires, worn or cracked fittings, loose
seizings and splices, flatening, and corrosion.
Knots or kinks indicate that wire rope slings are
permanently damaged and should not be used.

Stretched
link

Damage most often occurs around thimbles and
fittings. Don't leave wire rope lying on the
ground for any length of time in damp or wet
conditions.

New link

load with unprotected sharp edges.
Inspect for cracks. Although sometimes hard to
detect, cracks always indicate that the chain
should be removed from service. Also look for
gouges, chips, cuts, dents, peen marks, and
corrosive wear at points where links bear on
each other.

Eyes in wire rope slings should be fitted with
thimbles. To make an eye with clips, put the Ubolt section on the
Dead end
dead or short end of
the rope and the
Live end
STEP
1
Apply
first
clip one base width from
saddle on the live or dead end of rope. U-bolt
is placed over dead
long end (Figure 31). end and live end rests in clip saddle. Tighten
nuts evenly to recommended torque.
Remember — never
saddle a dead horse.
At least three clips are
required for wire rope
up to 5/8" diameter,
and four are required
for wire rope greater
than 5/8" up to and
including 7/8"
diameter.
Avoid binding the eye
section of wire rope
slings around corners.
The bend will weaken
the splice or swaging.
When using choker
hitches, do not force
the eye down towards
the load once tension
is applied.

Figure 32

Rigging Tips
• Wherever possible, lower loads on
adequate blockage to prevent damage to
slings.
• Keep hands away from pinch points
when slack is being taken up.
• Stand clear while the load is being lifted
and lowered or when slings are being
pulled out from under it.
• Use tag lines to control swinging,
swaying, or other unwanted movement of
the load.

STEP 2 - Apply second clip as close to loop
as possible. U-bolt is over the dead end. Turn
nuts firmly but do not tighten.

STEP 3 - Apply all other clips, spaced
equally between the first two. They should be
6-7 rope diameters apart.

Apply
Tension
STEP 4 - Apply tension and tighten all nuts
to recommended torque.

Housekeeping
Accident prevention depends on proper
housekeeping at ground level and in the trench.

Apply
Tension
STEP 5 - Check nut torque after rope has
been in operation.

At the top of the trench, sections of pipe,
unused tools and timber, piles of spoil, and
other material must be kept at least 1 metre
(3 feet) away from the edge.

Figure 31

The slips and falls common on excavation
projects can be reduced by cleaning up scrap
and debris. Trenches should also be kept as dry
as possible. Pumps may be required.

When using chain slings, inspect for elongated
links. A badly stretched link tends to close up
(Figure 32).
Look for bent, twisted, or damaged links that
can result when chain has been used to lift a
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Heavy equipment

Ladders should be placed within shored
area and tied off to prevent slipping.

Excavators, backhoes, and other heavy
equipment can cause injuries and fatalities to
operators and personnel on foot.
Excavator handsignals — Communicate
clearly with your co-workers. Use the following
handsignals.
Operators — Improperly climbing on and off
equipment has caused injuries to operators for
many years. The best prevention is to maintain
3-point contact (Figure 34).
Use 3-point contact
on steps and rails.

Figure 33

Proper housekeeping is especially important
around ladders. The base and foot of the ladder
should be free of garbage and puddles. Ladders
should be tied off at the top, placed in
protected areas, and inspected regularly for
damage (Figure 33).

Figure 34

Equipment should be fitted with steps, grabs,
and rails that are repaired or replaced when
damaged.

Try to push backfill into
excavation rather than
dumping it.
Figure 35

Operators have also suffered serious injuries
when equipment upsets because of soil failure
near excavations (Figure 35), improper loading
on floats, or inadvertently backing into
excavations.
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Make eye contact to ensure that you
are seen.

Moving equipment — Signallers are required
by law

• Never stand behind a backing vehicle.

• if the operator's view of the intended path
of travel is obstructed, or

• Remember — the operator may be able to
see you while you are standing but not
when you kneel down or bend over.

• if a person could be endangered by the
moving equipment or its load.
Back-up alarms are required on dump trucks
and recommended for all moving equipment.
Where vehicles have to operate in reverse,
warning signs must be conspicuously posted.

Signallers — In heavily travelled or congested
work areas, a signaller may be necessary to
direct equipment and prevent injuries and
deaths caused by vehicles backing up.

Ground rules for truck drivers

Ground rules for signallers

• Understand and obey the signaller at all
times.

• Wear a fluorescent or bright orange
safety vest.

• Remain in the cab where possible.

• Use standard hand signals (Figure 37).

• Ensure that mirrors are clean, functional,
and properly adjusted.

• Stand where you can see and be seen.

• Do a circle check after being away from the
truck for any length of time (walk around
the truck to ensure the area is clear before
moving).

• Stay in full view of the operator and the
intended path of travel.
• Know where the operator's blind spots
are.

• Stop immediately when a signaller, worker,
or anyone else disappears from view.

• Warn other workers to stay clear of
equipment.

Workers on foot — Personnel on foot are
frequently stuck by machine attachments such
as excavator buckets and bulldozer blades when
they stand or work too close to operating
equipment, especially during unloading and
excavation.

Back up

Stop

Clearance

Workers on foot are also injured and killed by
equipment backing up.

Change
Direction

Ground rules for workers on foot
• Beware of common operator blind spots.
See chapter on Backing Up in this manual.

Figure 37

Traffic control

• Stay alert to the location of equipment
around you.

On trenching projects along public roadways,
the construction crew must be protected from
traffic. Regulations specify the following
methods for protecting personnel:

• Avoid entering or standing in blind spots.
• Always remain visible to the operator.
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In the sewer and watermain industry, confined
spaces can be locations such as excavations,
manholes, valve chambers, pump stations, and
catch basins. The atmosphere in these spaces
may be
• toxic
• oxygen-deficient
Figure 38

• oxygen-enriched

• traffic control persons (TCPs) using signs
(Figure 38)

• explosive.
Sewage not only smells bad but can create
dangerous atmospheres. Decaying waste
releases hazardous gases such as hydrogen
sulfide and methane. The bacteria in sewage are
not only a source of infection but can also
consume oxygen and leave the atmosphere
oxygen-deficient.

• warning signs
• barriers
• lane control devices
• flashing lights or flares.
Supervisors must train TCPs on site and explain
the nature of the project, where construction
equipment will be operating, and how public
traffic will flow. TCPs must wear a fluorescent
or bright orange safety vest.

Other sources of contamination can include
• fumes from welding or patching
compounds
• chemicals from waste disposal sites

Training must also include the proper use of the
STOP/SLOW sign, where to stand, how to
signal, and communication with other TCPs.
(See chapter on Traffic Control in this manual.)

• engine exhaust
• propane or other explosive gases that are
heavier than air and collect in the bottom
of the trench

After presenting this information, the supervisors
must give TCPs written instructions in a
language they can understand.

• leaks from underground storage tanks
• decomposing material in landfill sites.

Confined spaces

Protecting the health and safety of personnel
starts with some basic steps.

A confined space is defined as a place
a) that is partially or fully enclosed

• A competent worker must test a confined
space to determine whether it is hazardfree before a worker enters, and continue
testing to ensure that it remains hazardfree.

b) that is not both designed and constructed
for continuous human occupancy, and
c) where atmospheric hazards may occur
because of its construction, location, or
contents, or because of work that is done
in it.

•Where tests indicate safe air quality,
workers may be allowed to enter the
confined space.

All three critera have to be met before a space
is defined as a confined space.

• Where tests indicate a hazardous level of
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with thrust blocks. Otherwise the line could
come apart under test pressure.

fumes, vapours, gases, or oxygen, entry
must not be allowed until the space has
been adequately ventilated and subsequent
tests indicate that the air is safe to breathe.

Arrange watermain testing so that lines are
pressurized when no one is in the manhole or
valve chamber.

• Where possible, mechanical venting should
be continued in any confined space
containing hazardous levels of fumes,
vapours, gases, or oxygen, even after
venting has corrected the hazard. The
space must also be continuously monitored
while personnel are working there.

For sewer line testing, all requirements for
entering confined spaces apply.
Ensure that plugs are secure. No one should be
in a manhole when the upstream line is being
filled. Plugs that are not properly installed can
let go, causing injury and letting a manhole fill
quickly, depending on the size of the line.

• In situations where ventilation has
removed a hazard, workers entering the
space should still wear rescue harnesses
attached to individual lifelines. A worker
should also be posted at the entrance
prepared,
equipped, and
trained to
provide rescue
in an
emergency. For
rescue
situations,
workers
Selfcontained
entering the
breathing
space should
apparatus
(SCBA)
wear suppliedair respirators
Figure 40
(Figure 40).

Flooding is another reason why no one should
be in a manhole without a rescue harness and a
worker outside ready and prepared for an
emergency.

Emergency Procedures
General
Emergency telephone numbers — ambulance,
fire, police, local utilities, senior management,
Ministry of Labour — should be posted in the
field office for quick reference.
If someone is seriously injured, take the
following steps.
1) Protect the area from hazards.
2) Prevent further injury to the casualty.

For more information on confined spaces and
controls, see the chapter on Confined Spaces in
this manual.

3) Administer first aid.

Hydrostatic testing

5) Have someone direct the ambulance or
rescue unit to the accident scene.

4) Call an ambulance or rescue unit.

Hydrostatic testing involves entry into a confined
space such as a manhole or valve chamber. The
procedures listed above should be followed.

All projects must have a person qualified and
certified to provide first aid.

Testing new lines can be very hazardous if
components break or plugs let go. For that
reason, additional precautions are required.

Cave-ins
It is natural to try to rescue casualties caught or
buried by a cave-in. But care must be taken to
prevent injury and death to rescuers, whether
from a further cave-in or other hazards.

When testing watermains, ensure that all lines,
elbows, and valves are supported and equipped
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The following procedures may be suitable,
depending on conditions.
1) To get down to the casualty, use a
tarpaulin, fencing, plywood, or similar
material that can cover the ground and will
ride up over any further cave-in.
2) Sometimes a further cave-in can be
prevented by placing a backhoe bucket
against the suspected area or excavating it.
3) Rescue workers should enter the trench
with ropes and wear rescue harnesses if
possible.
4) To prevent further injury, remove the
casualty by stretcher whenever possible.
Tarps or ladders can be used as a
makeshift stretcher.
5) Stabilize the casualty.

Breathing — Ensure that the casualty is
breathing. If not, open the airway and start
artificial respiration immediately. Mouth-tomouth is the most efficient method.
Bleeding — Control external bleeding by
applying direct pressure, placing the casualty in
a comfortable position, and elevating the injured
part if possible.
Unconsciousness — This is a priority because
it may lead to breathing problems. An
unconscious person may suffocate when left
lying face up. If injuries permit, unconscious
persons who must be left unattended should be
placed in the recovery position (Figure 41).

Recovery position

Figure 41
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INTRODUCTION
Packaged under pressure, propane gas presents three
hazards if misused:
1. high flammability and explosive potential
2. displacement of breathable air in confined spaces
(also, being heavier than air, propane will collect in
low areas)
3. contact injury from accidental exposure to a
substance under high pressure.
We will not cover the use of propane in the roofing
industry.

Propane - Physical Characteristics
Propane or liquefied petroleum gas (LPG) is a by-product
of petroleum or natural gas refining
which is packaged under pressure in
cylinders. In its stored state it is a
liquid but is released from the
cylinder or tank in a gaseous form.
The boiling point of propane, the
point at which the liquid converts to
a gas, is -42.2°C (-44°F). If the
surrounding air temperature is above
this, gas will form in the upper part
of the cylinder (Figure 1).
The pressure within the container is
Cutaway view
variable depending on the
of vapour withdrawal
propane cylinder
temperature to which the container is
Figure 1
exposed (Table 1). The pressure
increases as the temperature rises,
causing expansion of the liquid. For this reason containers
are never fully charged with liquid, but have a vapour
space at the top of the tank to allow for normal expansion.

*kilopascals

Should the temperature rise above safe limits, a relief
valve will open to allow release of the gas in a measured
amount. This release is generally over in seconds. The
valve reseals and remains closed until the pressure builds
up again. Cylinder relief valves are set at 2585.5 kPa (375
lb per square inch).
Propane is packaged in a number of cylinder types and
sizes to meet a variety of applications:
•

•

•
•

100-lb cylinders for construction heaters, roofing
kettles, and other appliances that consume large
amounts of fuel. They are called 100 lb cylinders
because they are charged with 100 lb of liquid at the
propane plant.
20-lb cylinders for oxypropane welding set-ups. (This
is a familiar size that will be used on such appliances
as household gas barbecues.)
10 and 20 lb cylinders for soldering work.
14 oz. throwaway containers for various hand-held
torch applications.

Propane can be easily compressed from a gaseous to a
liquid state in small cylinders, making it very portable.
When the liquid converts back to a gas, it expands 270
times in volume. Compared to natural gas, propane has a

*pounds per square inch

Temperature/Pressure Variables (values taken from CSA Standard B149.2-M80)
Table 1

heating value that is 2.5 times greater. One cubic foot of
propane converts to 2500 BTUs, while one cubic foot of
natural gas converts to only 1000 BTUs. This explains why
so much energy (BTUs) can be contained in a small
cylinder, making it a very convenient fuel for the contractor.
But the high-energy value of propane also makes it very
dangerous to handle. It only takes a tiny leak to form an
explosive gas/air mixture.
The high flammability of propane can be seen by comparing
its ignition characteristics with those of gasoline (Table 2).

Minimum ignition
temperature range

Propane
493° - 549°C
(920° - 1020°F)

Gasoline
427° - 482°C
(800°- 900°F)

Flammability limits in air

2.4 - 9.5%

1.3 - 7.5%

Vapour density (air=1)

1.52

3.50

Minimum flash point

-104°C (-156°F)

-51°C (-60°F)

Table 2

When you consider that the heat from a lighted cigarette
ranges between 1000°F and 1600°F, and that a lighted
match produces 2000°F, all that is necessary for
combustion is a sufficient quantity of propane gas mixed
with air. This is why safety procedures must be followed so
that a very efficient energy source does not become a
hazard to workers.
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Safe Handling of Cylinders

•

In construction, most propane applications dispense the
fuel in a vapour form. For this reason it is essential that
portable cylinders be transported, stored, and used in an
upright position. Propane liquid must never come in
contact with the cylinder relief valve. If liquid escapes
through the valve, large volumes of gas will be released.
On a construction heater, for example, this can cause a
serious overburn with flames extending many feet past the
burner tip.

•

The simplest way to avoid the problem is to fasten
cylinders in an upright position with rope, wire, or other
means. When transporting by truck, take extra care to
keep cylinders upright and stationary. Cylinders should not
be transported in an automobile trunk or in a closed van.
Because propane is heavier than air, escaping gas can
collect in a confined space and create an explosive
atmosphere, as well as threaten life by displacing
breathable air.
Store cylinders safely on the jobsite. They should be
stored away from buildings, preferably in a separate
compound out of traffic areas and where they are in no
danger of being struck by falling materials or moving
equipment. A simple compound can be constructed using
a length of snow fence and a few T-bars (Figure 2). When
properly constructed, this barrier provides a means of
tying up the cylinders as well as controlling stock.
Cylinders should not be stored closer than 25 feet to a
property line. Empty cylinders should be stored on one
side, full on the other. Don't mix the cylinders.

•

•
•

Keep cylinders upright. Use a hand cart (Figure 3).
Never roll cylinders.
Use a hoisting cradle to move
cylinders from one level to another
(Figure 4).
Never use a sling. This practice is
prohibited by the Construction
Regulation under the
Occupational Health and Safety
Act.
Never hook onto the protective
Figure 4
collar around the valve.
Keep cylinders away from heat sources.

Heaters
You must have a record of training (ROT) recognized by
the Technical Standards and Safety Authority (TSSA)
before you can hook up and light a propane-fired heater.
When hooking up and using construction heaters, observe
the following precautions.
•
•

•
•

The compound should not be close to an area where
flammable liquids such as gasoline and diesel fuel are
stored. Only cylinders that are in use should be inside
a building. (“In use” means hooked up to a construction
heater or other appliance.)

All connections must be made by a
competent worker.
Inspect burner, controls, regulator, and
hose for defects. Have any damaged parts
repaired or replaced. Gas-burning
equipment should only be repaired by
licensed service personnel.
Make sure all hose and valve connections
are clean.
Use fitting wrenches to make connections.
Don't use adjustable pipe wrenches.
10
ce:
tan
Dis

in.
ft. m

Hose: 15 ft. min., 50 ft. max.

Figure 5
Secure the cylinder and keep it at least 10 feet away from the
heater. Hose length must be between 15 feet and 50 feet.

•

•
Simple but secure on-site storage
Figure 2

•

Propane must not be stored inside a
building unless in a specially constructed
explosion-proof room, which meets the
propane and fire codes. Do not
locate cylinders in stairwells and
hallways. Leaking gas or the
outbreak of fire can block
exits and prevent escape.
When moving cylinders
of gas around the
jobsite, remember
the following
precautions.

•

Cylinders should be at least 10 feet away from the
heaters. The cylinder should be placed well clear of
any heat source and never at the flame end of a
heater.
Have a 4A40BC fire extinguisher on hand before
lighting the heater.
When connections are made, slowly open the cylinder
valve and check for leaks when the hose line is full of
gas. Cylinder valves in use must be fully opened.
Check for leaks with soapy
water (Figure 6) or a leak
detector. Sometimes you may
notice a gas odour or frost
appearing on a fitting, but
these signs are not always
reliable. If a leak is
detected, shut off the
cylinder valve and make
corrections. Fully close
valves when not in use.
If the cylinder valve is
opened too quickly it may
Figure 6 - Soap Test for Leaks

Figure 3
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•

•

•

•
•

cause closing (slugging) of the excess flow check
valve. The purpose of this valve is to shut off gas flow
should the regulator accidentally be broken off.
To unslug the check valve, shut off the flow at the
cylinder, wait a couple of minutes for the check valve to
reopen, then proceed. The cylinder valve should be
opened slowly to its normal limit, approximately
1-1/2 to 2 turns. Do not force the valve beyond this limit.
Secure the cylinder by tying or wiring it to a column or
other upright. Keep cylinders out of traffic areas where
they may be knocked over.
Cylinder and heater must always be in the same room
so that the cylinder valve can be shut down quickly if
trouble develops.
Keep heaters away from flammable materials. The
heat from a burner is effective well past the tip.
Watch for a drop in pressure or
reduced flame efficiency. This
indicates that gas is being
withdrawn too quickly, and may
require additional cylinders to
be hooked up in manifold.
Never attempt to increase the
amount of vapour by applying
heat to the cylinder.

•

•

Warning - If the heater is in a confined or low-lying
area, escaped gas can be hazardous. Never enter the
area without help standing by. Never attempt to relight
until the gas is completely purged from the area.
•

•

•

Typical Manifold Set-Up
Figure 7

•

•

basements where it can create a flammable or
explosive situation (Figure 8).
Never attempt to tie down, defeat, or bypass safety
devices on a construction heater. If the heater is
defective, replace it. If the heater is inadequate, get
extra heaters or replace it with a larger one.
If the flame goes out, act with caution. Shut off the gas
supply, then determine whether escaped gas is
concentrated in the area. Because of its strong odour,
you can usually smell propane. However, in a confined
space, test with a gas detection device. If escaped gas
is detected or even suspected, ventilate and purge the
area thoroughly before relighting the unit.

Never expose any part of your skin to liquid propane.
Propane under pressure is extremely cold and can
cause frostbite. Always wear gloves when handling
cylinders.
Don't allow propane gas to saturate your clothing. A
highly flammable situation can remain for some time
after the exposure. Saturated clothing should be
removed and aired outside.
Never operate heaters without adequate ventilation.
Follow manufacturer's recommendations on the plate.

Bulk Tanks

Where possible, use only single cylinders for heaters.
However, if cylinders must be manifolded, use no
more than three 100-pound cylinders (Figure 7). If
other heaters with manifolded cylinders are to be
operated in the same area, they must be at least fifty
feet away or be separated by a firewall.
Remember that propane is heavier than air and will
collect in low areas such as trenches, pits, and

Propane construction heaters that operate from a central
bulk storage tank are common on large construction
projects. This type of installation takes planning and close
consultation between contractor and gas supplier to
select a safe, convenient tank storage area that will not
interfere with on-site traffic and materials handling, nor
infringe on property line clearance requirements. The bulk
tank and feed lines are installed by
licensed service personnel, but
hooking up the heaters is generally left
to workers on the site. The feed lines
are usually well provided with hook-up
points called station valves. They
consist of a shut-off and a connection
point for a flexible hose. However, the
same rules for hooking up to a
portable container apply here.
•
•
•

Heavier than air,
propane gas can
collect in low areas
and create the
potential for
asphyxiation or
explosion.

•
Figure 8
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Check for leaks at the hook-up point
after installing flexible heater line.
Make sure the shut-off valve is in
the same room as the heater.
If heat is required in an area that is
not serviced by a valve a qualified
service person should extend the
line, or take off a spur line using
approved piping and install a valve
at its terminus.
Flexible hose lengths should never
exceed 25 feet between heater and
station valve.

PROPANE

Welding and Cutting

Summary

In recent years, propane has become a popular energy
source in open flame welding and cutting. Combined with
oxygen in a manner similar to oxyacetylene welding, it
provides a gas mix that is considered much more stable by
many users.

The safe use of propane depends on twelve basic rules:

While welding cylinders are generally smaller than cylinders
used for construction heaters, they should be treated with
the same care.

3) Keep cylinders away from heat sources, and
flammables away from heaters.

•

•

•

•

•

•

Lift
Ring for
Hoisting

Fittings should be clean and
free of grease before hooking
up.
Fitting wrenches should be
used to avoid damage to
parts.
Cylinders should be in an
upright position at all times,
kept in a suitable cradle when
in use, and preferably tied
upright to prevent tipping over
(Figure 9).
A fire extinguisher (4A40BC
minimum) should be kept
Oxypropane Welding Cart
close when using any torch.
Figure 9
Regulators should be
removed and stored in a
protective case when not in use, along with hoses and
torches.
Consult manufacturer's handbook for oxypropane
regulator settings. They are very different from
oxyacetylene settings. For more information, refer to
Welding and Cutting in this manual.

1) Don't store cylinders inside a building.
2) Remove cylinders from the building when not in use or
when empty.

4) Always secure cylinders to prevent upset.
5) Never transport cylinders in an enclosed vehicle or
trunk.
6) Always use proper gear for hoisting or moving cylinders
around the worksite.
7) Keep heaters in good condition. Repairs and
maintenance should be done only by licensed service
personnel.
8) Always have a fire extinguisher handy (4A40BC
minimum).
9) Protect stored cylinders or bulk tanks from on-site
traffic.
10) Don't tamper with controls or safety devices.
11) Never enter an area where leaking gas is suspected.
12) Don't use or store cylinders of propane in low areas
such as trenches, maintenance holes, or basements.
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Coordination
When workers of more than one employer perform
work in the same confined space the constructor
must prepare a coordination document to ensure
that the various employers perform their duties in a
way that protects the health and safety of all
workers. A copy of the coordination document must
be provided to
❑ each employer of workers who perform work in
the same confined space

Complies with changes to the Construction Regulation
(Ontario Reg. 213/91) implemented in 2006.

Before letting a worker enter a confined space, the
employer must develop a written confined space program
meeting the requirements of the Construction Regulation
(Part II.1, Confined Spaces, sections 221.1 to 221.19).
The employer must maintain the program.

❑ the project's joint health and safety committee or

CONFINED SPACE PROGRAM

health and safety representative.

Among the first requirements for employers developing a
confined space program is the need to assess which
workers will be entering the confined space and therefore
which workers will need a copy of the confined space
program.

RECOGNIZING A CONFINED
SPACE
A confined space is defined as a place

Employers must provide a copy of the program to the
constructor of a project. In turn, the constructor must
provide a copy of the program to the project's joint health
and safety committee or health and safety representative,
if any. A copy must also be available to other employers to
which the program relates and every worker if there is no
project joint health and safety committee or health and
safety representative.

a) that is partially or fully enclosed
b) that is not both designed and constructed for
continuous human occupancy, and
c) where atmospheric hazards may occur because of
its construction, location, or contents, or because of
work that is done in it.
All three criteria have to be met before a space is defined
as a confined space. Here is more information on each of
the criteria.

If workers from more than one employer will be entering
the confined space, the constructor must prepare a
confined space coordination program. A copy of the
confined space coordination document must be provided
to each employer who is performing work in the confined
space and to the project's joint health and safety
committee or the health and safety representative.

Partially or fully enclosed
Because air cannot move freely in and out of a partially or
fully enclosed space, there is a potential for a hazardous
atmosphere to be generated inside. This is especially true for
spaces such as vaults, tanks, pits, trenches, or manholes.

The confined space program can apply to one or more
confined spaces.
Program elements must include

Not designed and constructed for continuous human
occupancy

❑ a method of recognizing each confined space

Confined spaces are not designed or constructed for
people to work in them on an ongoing basis. They are
usually designed and constructed to store material,
transport products, or enclose a process. But occasionally,
some work must be done inside the space.

❑ a method for assessing the hazards to which workers
may be exposed

❑ a method for developing plans for controlling the
hazards

Atmospheric hazards

❑ a method for training workers

A hazardous atmosphere is one which contains any of the
following:

❑ an entry permit system setting out measures and
procedures to be followed when working in a confined
space.

➤ an accumulation of flammable, combustible, or
explosive agents

➤ less than 19.5% or more than 23% oxygen, or
➤ an accumulation of atmospheric contaminants that

could result in acute (short-term) health effects which
a) pose an immediate threat to life, or
b) interfere with a person's ability to escape unaided
from a confined space.
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HAZARD ASSESSMENT
Before each time that a worker enters a confined space, a
competent worker must perform a written hazard
assessment. The name of the competent worker must
appear on the assessment and the employer must keep a
record of the competent worker's qualifications.
The hazard assessment must take into account
a) the hazards that may exist in the confined space
b) the hazards that may develop while work is performed
inside the confined space
c) general safety hazards in the confined space.
The competent worker must sign and date the
assessment and give it to the employer.
If requested, the employer must give copies of the
assessment and competent worker's qualifications to

The employer must review the assessment as often as
necessary to make sure that the plans remain adequate.
For example, if the potential chemical hazard changes
due to a change in process or equipment use, then the
assessment must be changed.
An assessment is generally required for each confined
space. But if there are two or more similar confined
spaces containing the same hazards then you need only
a single assessment document.
To perform a hazard assessment, you need to anticipate
potential hazards. Often, the hazards of working in
confined spaces are not recognized until it's too late.
For example:

➤ A mixing tank was inadvertently started while a
worker was inside.

➤ A worker was killed by carbon monoxide gas from a

❑ the project's joint health and safety committee, or
❑ the health and safety representative, or
❑ every worker involved in the confined space entry if
the project has no joint health and safety committee
or health and safety representative.

COMPETENT WORKER

gasoline-powered pump used to drain a pit.
Because construction projects are not limited to new
buildings, confined spaces may be encountered in a
variety of places. The following table describes typical
confined spaces and the most common hazards found
there.
Hazards in confined spaces can be divided into two
distinct categories: physical hazards and atmospheric
hazards.

in relation to specific work, means a worker who
a) is qualified because of knowledge, training and
experience to perform the work
b) is familiar with the Occupational Health and
Safety Act and the provisions of the regulations
that apply to the work, and
c) has knowledge of all potential or actual danger
to health and safety in the work.

If control measures (such as continuous mechanical ventilation) are used to ensure that the concentrations of an
atmospheric hazard are controlled or maintained at an appropriate level (but not eliminated) then the space would
still be considered a confined space. If, however, measures are implemented to eliminate the possibility that any
atmospheric hazards may occur in a space, then the confined space provisions no longer need to apply.
Eliminating the possibility that an atmospheric hazard will occur is different from controlling the hazard. If workers
must enter the confined space to eliminate the hazards (by steam-cleaning or vacuuming, for example), then the
confined spaces provisions apply.
EVERY CONFINED SPACE MUST BE THOROUGHLY ASSESSED AND EVALUATED BY A COMPETENT
WORKER TO DETERMINE WHETHER IT IS POSSIBLE TO ELIMINATE THE ATMOSPHERIC HAZARD
COMPLETELY.
Even if a space is not defined as a confined space under the regulations, the employer must take every precaution
reasonable in the circumstances to protect workers entering the space.
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PHYSICAL HAZARDS
Physical hazards often present a greater danger inside an
enclosed space than they do outside.
Examples:

➤ Noise and vibration
An enclosed environment can amplify noise. Excessive
noise can damage hearing and prevent communication. It
can affect workers' ability to hear alarms, warning shouts,
or orders to evacuate.

➤ Temperature extremes
Ask plant personnel if workers could encounter dangerous
temperatures. For example, heat stress can be a hazard
when working around boilers, hot pipe or tanks, or
structures heated by the sun. Protective clothing can also
add to heat stress.

➤ Cramped work spaces
Cramped work spaces restrict movement and can make
using tools and equipment difficult and dangerous.

➤ Poor access or exit
Confined space openings are generally small and not
well-located. This can make entry and exit difficult and can
interfere with rescue.

➤ Rotating or moving equipment
Before entry, identify any moving or rotating equipment
(such as conveyors, mixers, augers, etc.) which could
become activated by stored pressure, accidental contact,

Examples of confined spaces

Common hazards

Chemical and petrochemical projects
Tanks, vessels, storage tanks, underground tanks, pipes,
sumps, pits, any area where a worker cannot readily
escape from a toxic or explosive atmosphere; any area
where toxic, explosive, or oxygen deficient atmospheres
may be encountered.

Toxic and explosive gases, vapours and fumes; physical
hazards of cramped entry and exit, narrow passages,
and chemical spills.

Sewage handling systems
Settling tanks, sewers, manholes, pumping areas, septic
tanks, digesters.

Toxic and/or explosive atmospheres such as hydrogen
sulphide and methane; oxygen deficiencies.

Water treatment plants
Settling tanks, holding tanks, equipment and wells below
floor level.

Oxygen deficiency, chlorine gases, ozone; also possibly
methane and hydrogen sulphide produced by decaying
debris removed from lake and river water.

Heavy industrial projects
Sumps, pits, roasters, digesters, mixers, bins, flues,
ducts, conveyors, elevators, bag houses.

The hazards will depend on processes and materials
involved but may include methane, hydrogen sulphide,
oxygen deficiency, flammable agents, electrical hazards,
moving parts, and engulfment due to free-flowing
materials.

General construction
Vaults, caissons.

Toxic materials such as carbon monoxide from temporary
heaters in low-lying areas; refrigerants; high-voltage
transmission equipment; physical hazards involving poor
lighting and cramped working conditions.
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or gravity action. Check with plant personnel on lockout
and tagging procedures, and review drawings, plans, and
specifications.

➤ Electrical hazards
Any exposed conductors or energized equipment should
be identified before entry. The presence of water in
confined spaces may pose an additional electrocution
hazard where electrical circuits, equipment, and tools are
used.

➤ Engulfment due to uncontrolled movement of
liquids and solids
Liquids, sludge, fine solids, and other material may not be
completely removed from confined spaces and may
present an engulfment or drowning hazard. Use
inspection ports and dipsticks, and check with plant
personnel to evaluate such hazards.

➤ Slick or wet surfaces
You can be severely injured from a slip or fall on icy, oily,
wet, or moist surfaces.

➤ Lighting
Confined spaces generally have poor lighting. You often
need temporary lighting. In potentially explosive
atmospheres, use lighting designed for such situations.

ATMOSPHERIC HAZARDS
Confined spaces can present three kinds of atmospheric
hazards:
“Fire and Explosion Hazard” of a material’s MSDS for fireand explosion-related information.

➤ flammable, combustible, or explosive atmosphere
➤ oxygen-enriched or oxygen-deficient atmosphere
➤ atmospheric contaminants.
The hazardous atmosphere may be due to existing
conditions (e.g., residue in a tank,) or it may be created by
the work being done inside the confined space (e.g.,
welding or using solvents). In some cases, removing
sludge or scale can release trapped pockets of gas or
vapour and create a hazardous atmosphere. Moreover,
dangerous atmospheres often exist together. For instance,
flammable, combustible or explosive atmospheres may
also be toxic or cause an oxygen deficiency.

FLAMMABLE, COMBUSTIBLE, OR
EXPLOSIVE ATMOSPHERES

The most common explosive gas likely to be encountered
in sewers and other underground structures is methane-or
“natural gas”-produced by decaying garbage and sewage.
Other explosive gases and vapours may be present in
confined spaces depending on previous contents or
accidental spills and leaks (e.g., leaking fuel-storage tanks
near service stations).
Explosive ranges for common gases and vapours are
listed in Table 1. These values must be considered when
selecting and operating gas-testing equipment.

Flammable atmospheres are generally caused by

➤ evaporation of flammable liquids (e.g., gasoline)
➤

The LEL is the lowest, and the UEL the highest
concentration of gas or vapour that will support
combustion. For example, gasoline has an LEL of 1.4%
and a UEL of 7.6%. Below 1.4% there is not enough fuel
to burn, while above 7.6% there is too much fuel and not
enough oxygen to burn. (See figure above.)

by-products of chemical reactions (e.g.,
decomposition of organic matter to form methane).

Explosive atmospheres are those in which a flammable
gas or vapour is present in quantities between the Lower
Explosive Limit (LEL) and the Upper Explosive Limit
(UEL). These limits define the “Explosive Range” which
varies from one substance to another. Refer to the section

Combustible atmospheres can arise in grain elevators,
feed mills, and some industrial settings such as bag
houses, because of the large quantities of dust generated.
The most common combustible dust is grain or flour dustthere have been several explosions in grain elevators. You
need to address this issue whenever you're working in
these settings.
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Table 1

Table 2

Explosive Range for
common gases and vapours

Effects of oxygen
deficiency

Gas/vapour

Acetone

Lower
Explosive
Limit (%)
2.6

Upper
Explosive
Limit (%)

Oxygen
concentration

Effect

19.5%

Minimum for safe entry

Less than 18%

Loss of judgment and
coordination

Less than 15%

Loss of consciousness

Less than 12%

Sudden collapse and loss of
consciousness

12.8

Ammonia

16.0

25.0

Benzene

1.3

7.1

Ethyl Alcohol

3.3

19.0

Gasoline

1.4

7.6

Hexane

1.1

7.5

Hydrogen
Sulphide

4.0

44.0

Methane

5.0

15.0

Methyl Alcohol

7.3

36.0

Propane

2.4

9.5

Toluene

1.2

7.1

Xylene

1.1

7.0

Never use pure oxygen to ventilate a confined
space. Use clean air.

ATMOSPHERIC CONTAMINANTS
Because confined spaces are poorly ventilated,
atmospheric contaminants can build up to hazardous
levels very quickly. For construction in an industrial setting,
the type of airborne hazard that may be encountered
depends on

❑ products stored in the confined space
❑ the type of work tasks performed in the confined
space

❑ work or processes being performed near the confined

OXYGEN-ENRICHED AND OXYGENDEFICIENT ATMOSPHERES
Normal outside air contains about 21% oxygen. If the
concentration of oxygen exceeds 23% it is considered
“enriched”. The primary concern with oxygen-enriched
atmospheres is the increased flammability of materials.
Things that would only smoulder in normal air will burn
vigorously in oxygen-enriched atmospheres.

space.
The most common atmospheric contaminants in
construction include hydrogen sulphide, carbon monoxide,
sulphur dioxide, chlorine, and ammonia.

Oxygen-enriched atmospheres are fairly rare in
construction. They are usually associated with pure
oxygen escaping from leaking or ruptured oxyacetylene
hoses or, on projects in industrial plants, from an oxygen
line in an industrial or manufacturing process.

Hydrogen Sulphide (H2S) is a gas generated by the
decomposition of garbage and sewage. H2S can be found
in sewers, sewage treatment plants, refineries, and pulp
mills. It is also found in many oil refineries since most
crude oil in Canada has some H2S dissolved in it. H2S is
very toxic. A single breath at a concentration of about
500-700 ppm (parts per million) can be instantly fatal. At
very low concentrations, H2S has the characteristic odour
of rotten eggs. However, at about 100 ppm it can deaden
your sense of smell and create the false impression that
no hazard exists.

Oxygen-deficient atmospheres, on the other hand, are
fairly common. They may result from work being done
(such as welding), bacterial action (which consumes
oxygen), or from chemical reactions (such as rusting).
Oxygen may also be displaced by another gas or vapour
(e.g., carbon dioxide or nitrogen used to purge tanks,
pipe, and vessels). Table 2 lists the effects of oxygen
deficiency.

Carbon Monoxide (CO) is a very common toxic gas. It
has no odour or taste and is clear and colourless. Carbon
monoxide poisoning can be very subtle and may cause
drowsiness and collapse followed by death. The major
sources of CO in construction include the internal
combustion engines powering saws, scissor lifts, power
trowellers, generators, and forklift trucks. Even these
relatively small engines produce high levels of CO.
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Heating in confined areas, particularly with propane,
presents special hazards and requires special safeguards.
Propane is heavier than air and can collect in low-lying
areas such as trenches, basements, and shaft bottoms.
Propane can also be absorbed into clothing. Workers
must therefore use extreme caution in the event of
leakage or flame-out.

Blocked
opening

Direct-fired heaters release combustion emissions directly
into the air where people work. Although carbon monoxide
(CO) is the main concern, carbon dioxide (CO2) and
nitrogen oxides may also be a problem.
Adequate ventilation is absolutely essential when
you cannot avoid using combustion engines in
confined spaces.

Traditionally, explosive blasting has been used for
demolition or breaking up rock. Blasting in a confined
space can produce high levels of carbon monoxide. You
must use mechanical ventilation and perform air tests
before workers re-enter the blast area to ensure that the
carbon monoxide levels are within acceptable levels.

CO in
atmosphere
(parts per
million)

Signs and symptoms

10

No symptoms

25

TWAEV (Time-Weighted Average
Exposure Value): The maximum
average amount a worker is
allowed to be continuously
exposed to for a work day or
work week.

70

Blood vessels widen, shortness
of breath, tightness across the
forehead

100

STEV (Short-Term Exposure
Value): The maximum amount a
worker is allowed to be exposed to
for a 15-minute period.

120

Shortness of breath, headache
with throbbing in temples

220

Headache, irritability, tiredness,
impaired judgment, impaired
vision, dizziness

350–520

Headache, confusion, fainting,
collapse

800–1220

Unconsciousness, spasms,
respiratory failure, death if
exposure continues

Do not restrict ventilation
by blocking openings
Sulphur Dioxide (SO2) is a very irritating and corrosive
gas with a strong sulphur-like odour which can be found in
pulp-and-paper mills and oil refineries.
Chlorine (Cl2) is another irritating and highly corrosive
gas with a bleach-like odour used as a disinfectant in
water and sewage treatment plants and a wide variety of
other industrial settings.
Ammonia (NH3) is a fairly common chemical used as a
refrigerant and in making fertilizer, synthetic fibres,
plastics, and dyes.
Hundreds of other toxic materials may be encountered in
factories, chemical plants, and similar industrial settings.
The best way to obtain information regarding the
presence or absence of toxic materials is to discuss the
proposed work with the client and ask for the information.

FLAMMABLE PRODUCTS
When using flammable materials in a confined space,
take these precautions:

✓ Provide adequate ventilation.
✓ Control sparks (use non-sparking tools) and control
other potential ignition sources

More than 2000

Rapidly fatal

✓ Extinguish all pilot lights.
✓ Use specially protected lighting.
✓ Have fire extinguishers handy.
Contact cement is an example of a product with fire or
explosion potential when used in a small area with poor
ventilation. Workers have been killed from explosion and
fire when they finished work and switched off the light in a
room where solvent vapours from contact cement or
adhesives had accumulated.

ACCUMULATION OF CONTAMINANTS
BELOW GRADE
Trenches, manholes, and low-lying areas may become
hazardous from leaking gases heavier than air-such as
propane-or from gasses such as carbon monoxide
seeping through the soil and into the confined space.
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Case study
A construction crew finished installing a 12-foot-deep
manhole without incident. After the crew left the
area, 265 pounds of nitroglycerin-based explosive in
20 boreholes, each 18 feet deep, were detonated
40-60 feet from the manhole. A worker who entered
the manhole 45 minutes after the explosion
collapsed within minutes, and two coworkers
descended into the manhole to rescue him. One
rescuer retrieved the unconscious worker before
collapsing on the surface, and the other rescuer died
in the manhole.
An investigation determined that carbon monoxide
released from the explosion had migrated through
the soil into the manhole. Carbon monoxide
concentrations at the bottom of the manhole two
days after the incident were 1,905 ppm (parts per
million). This concentration was well above 1,200
ppm, the concentration classified as Immediately
Dangerous to Life or Health (IDLH). Tests following
ventilation of the manhole showed that high levels of
carbon monoxide reappeared as a result of
continued migration from the surrounding soil.
Subsequent monitoring of the manhole showed a
decline in carbon monoxide levels over the next 8
days.

Workers should be aware of this hazard. At the first sign
of discomfort or disorientation they should leave the area
until it has been ventilated.
Workers feeling light-headed or experiencing headaches
may be inhaling these pollutants. Drowsiness or
disorientation can lead to falls. Again, leave the area until
it has been ventilated.
Underground mines, tunnels, and shafts

ACCUMULATION OF CONTAMINANTS IN
AREAS NOT CLASSIFIED AS CONFINED
SPACES
A variety of spaces can become hazardous because of
the products being used or the work being done in them.
These areas can be deadly even if they are not classified
as confined spaces and even if the confined space
provisions of the Construction Regulation do not apply.
Skylights, domes, and ceilings
Work is sometimes required within newly installed
skylights where lighter-than-air gases and fumes may
accumulate.

These spaces are intended for people to carry out work in
them-this work is covered by specific regulation. They may
present physical or atmospheric hazards. Many utilities
are routed through tunnels or underground shafts where
hazardous atmospheres may collect from containers or
operations above, or be created by utility leaks (such as
gas and oil).
Work in shafts must be carefully planned. Because the
work may be of short duration and require only a
temporary platform, these jobs are often not given proper
attention.
In addition to the areas already described, beware of
apparently harmless areas such as basements, halls, and
small rooms that can become dangerous when a lack of
ventilation
and
hazardous
materials or
operations
combine to
create
atmospheric
hazards.

If a worker can be injured by inhaling a hazardous
gas, vapour, dust, or fume or there is an explosion
hazard then you must provide adequate ventilation
by natural or mechanical means. If this is not
possible then you must provide respiratory
protection equipment suitable for the hazard.
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PLAN FOR CONTROLLING
HAZARDS

We address each of these 11 mandatory requirements
below.

Once the hazards have been identified in the assessment,
a competent person must develop a plan to eliminate or
control the hazards.

1) DUTIES OF WORKERS
a) Do not enter or re-enter (if the confined space has
been left unoccupied and unattended) the confined
space unless testing has been performed.
b) Know the hazards that may be faced upon entry.
Know the route of exposure (e.g., inhalation or skin
absorption), signs and symptoms, and long-term
effects of exposure.

COMPETENT PERSON
means a person who
a) is qualified because of knowledge, training and
experience to organize the work and its
performance

c) Know how to use the equipment (including personal
protective equipment and tools) properly.
d) Maintain communication with the attendant so that the
attendant can monitor your safety and be able to alert
workers to evacuate the confined space.

b) is familiar with the Occupational Health and
Safety Act and the regulations that apply to the
work, and

e) Alert the attendant whenever:
– you recognize any warning sign or symptom of
exposure

c) has knowledge of any potential or actual danger
to health and safety in the workplace.

– you see a dangerous condition
The primary objective of the plan is to eliminate the
hazard before entry. If this is not possible, then controls,
measures, and procedures must be put in place to ensure
that workers are not in danger.

– an alarm is activated.
f)

– a warning system indicating a ventilation failure is
activated
– the attendant gives an evacuation order

If confined spaces are of similar construction and present
the same hazards, a single plan can be used. Still, the
individual confined spaces must be identified in both the
hazard assessment and the plan.

– a worker recognizes any signs or symptoms of
exposure

The Plan is the program element with the most regulatory
requirements attached to it. The regulation outlines 11
mandatory requirements that must be contained in the
plan:
1) Duties of workers
2) Coordination document (prepared by the constructor)
if workers of more than one contractor enter the same
confined space
3) On-site rescue procedures
4) Rescue equipment (inspected by a competent worker)
and methods of communication
5) Protective clothing and protective equipment

Get out of the permit space immediately whenever

– a person inside detects a dangerous condition
– an evacuation alarm is activated.

2) COORDINATION
When workers of more than one employer perform work in
the same confined space, the constructor must coordinate
entry operations. The constructor must prepare a
coordination document to ensure that the various
employers perform their duties in a way that protects the
health and safety of all workers entering the confined
space.
A copy of the coordination document must be provided to
each employer of workers who perform work in the
confined space and the project's joint health and safety
committee or health and safety representative.

6) Isolation of energy and control of material movement
7) Attendants

Each employer is responsible for the health and
safety of their own workers and for ensuring
compliance with the regulation.

8) Adequate means of access and egress (entry and
exit)
9) Atmospheric testing (conducted by a competent
worker)
10) Adequate procedures for working in the presence of
explosive or flammable substances
11) Ventilation and purging.
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3) RESCUE PROCEDURES

Remember, rushing into a confined space to help
your buddy who is laying on the ground will likely
result in your own death. Rescuers are no good to the
victim if they also become victims. Many cases of
multiple fatalities involve would-be rescuers overcome
because of inadequate preparation.

The confined space plan must include written procedures
for safe onsite rescue that can be implemented
immediately in case of an emergency. An adequate
number of people must be available to carry out the
rescue procedures immediately. They must be trained in
a) the onsite rescue procedures
b) first aid and cardio-pulmonary resuscitation (CPR)
c) how to use the rescue equipment necessary to carry
out the rescue.

Dialing 911 is not a sufficient rescue response.

4) RESCUE EQUIPMENT
The rescue equipment must be readily available,
appropriate for the confined space, and inspected by a
competent worker. The competent worker must keep a
written record of the inspection. Examples of rescue
equipment include harnesses and lifelines, hoist/retrieval
systems, respirators, and other personal protective
equipment.

5) PROTECTIVE CLOTHING AND
PERSONAL PROTECTIVE EQUIPMENT

NOTE: You must consider the size of the confined space's
opening when choosing rescue equipment. There is no
point planning for a rescuer to wear a SCBA (selfcontained breathing apparatus) unit if it doesn't fit through
the opening.
All too often, inadequate or incorrect emergency rescue
response results in multiple fatalities. Here are two
examples:

➤ A worker collapsed shortly after entering a degasser

tank. His coworker went in after him and collapsed as
well.

➤ A contractor went to test acid-tainted water and was

discovered by a worker floating in a well of the aboveground pump house. The worker went to his rescue
after calling 911 but was himself overcome. Two
paramedics responding to the call were also struck
down. All four victims died.

Protective clothing and equipment suitable for one
material may not be suitable for others. For example,
polyvinyl chloride (PVC) plastic is resistant to most acids,
but it can be softened or penetrated by many common
solvents such as benzene, toluene, and xylene.
For this reason, a knowledgeable person should assess
the protective clothing and equipment needed (e.g.,
gloves, boots, chemical suits, fire resistant coveralls-as
well as hearing, respiratory, eye, and face protection).
Don't forget that if workers need personal protective
equipment, they must be trained in its use.
Respiratory protective equipment should be used
where ventilation is impractical or inadequate. Certain
basic rules apply to the equipment.
First of all, you need to select the proper type of
respirator. Oxygen-deficient atmospheres require
supplied-air respirators—either airline types with
emergency reserves or SCBA (self-contained breathing
apparatus) as in the figures on the next page.

Even with the best planned and executed entry there is a
chance of a sudden change in conditions. The change
could be due to factors recognized earlier but for which no
“absolute” protection exists, such as the failure of a
respirator, the introduction of a new hazard, or collapse
from heart attack or illness. In such cases you need a
rescue plan that has been practiced and works.

SCBA note: Because the amount of air supply in
standard SCBA cylinders is rated for a specific time
period, it is very important to plan your tasks,
especially rescues operations, accordingly. Heavy
work and stress will increase breathing rates and
workers will use up the air in less than the rated
time. An alarm sounds when the air supply is low.

In toxic atmospheres, you must use supplied-air
respirators if the concentration of the gas or vapour
exceeds the level considered to be Immediately
Dangerous to Life or Health (IDLH), or if the concentration
is unknown.
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For pneumatic or hydraulic equipment, isolate the power
source and depressurize the supply lines. Depressurize
any components that may still be pressurized after the
supply lines have been bled-hydraulic cylinders for
example. You must disconnect and drain pipes carrying
solids or liquids to or from a confined space, or insert
blank flanges.

When the level of toxic gas or vapour is above the
exposure limit but below the IDLH level, air-purifying
respirators approved by the National Institute of
Occupational Safety and Health (NIOSH) may be used
provided the exposure conditions do not exceed the unit's
limitations. Someone who is competent in respirator
selection must determine the appropriate type of
respirator.
Workers required to wear respirators must be instructed
how to properly fit and maintain them. For more
information on respiratory protection, refer to the chapter
on Respiratory Protection in this manual, or the Canadian
Standards Association’s standard Z94.4-02, Selection,
Use, and Care of Respirators.

Do not use single-strap dust masks and surgical
masks—they are not approved by the National
Institute for Occupational Safety and Health
(NIOSH). NIOSH is a U.S.-based organization that
approves respirators. Workers must be supplied with
NIOSH-approved respirators only. All NIOSHapproved respirators have an approval number
(always starting with the letters TC) on them.

If the pipe cannot be blanked off or disconnected, the
valve may be closed, chained, locked and tagged,
provided that
this type of
control—
and its
importance—
have been
explained to all
workers in the
area. Simply
closing valves
is not
generally
acceptable.
You may need blocking to prevent movement caused by
gravity for some equipment (e.g., conveyors).
Electrical equipment in the
space should be
disconnected, tagged and
locked out, and grounded
when it's practical to do so.

Make sure your respirator has all the proper parts.
Since each manufacturer uses different designs,
parts are not interchangeable between brands. Make
sure you use the correct parts (cartridges, air
cylinders, etc.) for your brand of respirator. Never
use cartridges or air cylinders from another
manufacturer. They will not fit correctly and will
endanger the life of the worker or rescuer.

In the case of live electrical
work in a confined space,
you need to pay special
attention to standard
procedures. A minor
mistake in a manhole can
lead to disaster.

6) ISOLATION OF ENERGY AND
CONTROL OF MATERIAL MOVEMENT
Equipment that moves in any way (even rotation) must be
isolated by

❑ disconnecting the equipment from its power source

Cramped working
conditions can make
accidental contact with an
energized conductor more
likely, so you may need non-conductive equipment.

and de-energizing the equipment, or

❑ lockout and tagging. Only workers trained in lockout
and tagging should perform such operations. Lockout
and tagging should be done even if you use the first
option (disconnect and de-energize) to isolate the
energy.

You may need gloves, mats, and other insulating
equipment depending upon the type of work. Capacitors
or other components which can store a charge should be
discharged and/or grounded.
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7) ATTENDANT

9) ATMOSPHERIC TESTING

An attendant must be present whenever a worker enters a
confined space. The attendant is not allowed to enter the
confined space, unless he or she is replaced by another
attendant in accordance with the plan.

If the hazard assessment determines that there is an
atmospheric hazard in the confined space, you must
perform atmospheric testing.

The attendant must

✓ remain alert outside and near to the entrance
✓ be in constant communication (visual or speech) with
all workers in the confined space

✓ monitor the safety of workers inside the confined
space

✓ provide assistance as necessary
✓ be provided with a device for summoning help in case
of emergency, and

✓ initiate an adequate rescue procedure in case of an
emergency.

1) The employer must appoint a competent worker to
perform adequate tests safely before and during the
time a worker is in a confined space to ensure that
acceptable atmospheric levels are maintained. The
competent worker who will perform the tests must
receive training in the operation, calibration, and
maintenance of the instruments. Most manufacturers
can provide necessary training.
2) If the confined space has been left unoccupied and
unattended, you must perform the testing again.
3) The competent worker performing the tests must use
properly calibrated and maintained instruments
appropriate for the hazards in the confined space.
4) Results of every sample of a test must be recorded
on the entry permit. If continuous monitoring is
performed, test results must be recorded at adequate
intervals.

The attendant is not allowed to enter the confined
space to perform a rescue even after help has
arrived unless he or she is replaced by another
attendant in accordance with the plan.

Gas detection instruments
Gas detection instruments can take many forms“personal” or “area,” single-gas or multiple-gas detectors,
detectors with dedicated sensors or those with
interchangeable sensors.

8) ENTRY AND EXIT (ACCESS AND
EGRESS)
The means of entry and exit can be evaluated before
entry by checking drawings, by prior knowledge, or simply
by inspection from outside the space.
Confined space openings are generally small and not well
located. These small openings must be considered in the
rescue plan since they restrict the movement of workers
and equipment in and out of confined spaces.
Entry and exit for top-side openings may require ladders.
Ladders must be well secured. Performing an emergency
rescue on workers trapped in such areas requires careful
planning and practice.
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Single gas
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Multi-gas
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Defined
sensors

Interchangeable
sensors
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If a monitor is worn
by the worker it is
referred to as
“personal
monitoring.”
Personal monitoring
gives information
about the
concentration of
hazardous
substances
surrounding the worker. It is particularly useful when the
worker is moving from place to place within the confined
space.

WARNING: Combustible gas detectors should not
be used to assess toxic atmospheres. Most
combustible gas detectors do not respond to low
concentrations of gases. For example, H2S is
flammable from 4.3% to 44%. But it is Immediately
Dangerous to Life or Health (IDLH) at 100 parts per
million (0.01%) and would not be detected at this
concentration by most combustible gas detectors.
Most other toxic gases that are also flammable are
dangerous in concentrations well below the LEL.

You must calibrate, maintain, and use the equipment
in accordance with the manufacturer's
recommendations.

Area sampling is done before entry or re-entry. As much
of the confined space area as possible should be tested,
including the bottom, mid level, top, and corners.
Single-gas detectors measure only one gas while multigas monitors are available with several toxic sensor
options and have the flexibility of measuring many gases
simultaneously. Most multigas monitors include an
oxygen sensor, a
flammable/combustible gas
sensor, and one or two
sensors for detecting
specific toxic gases. Newer
single and multi-gas
instruments offer the
flexibility of interchangeable
sensors. You can change the
sensors to suit the
application in hand. For example, a single-gas detector
used to check hydrogen sulphide levels can be used to
monitor carbon monoxide concentrations after you change
the sensor.

If the meter is not properly calibrated, you cannot rely
upon its results. Deaths can occur if the instrument
underestimates the atmospheric conditions.

Key steps to follow when you suspect a
dangerous atmosphere
Select the appropriate type of calibrated instruments
for the hazards identified in the assessment.
You must understand the characteristics of the work area
in order to choose the right instruments. Different types of
confined spaces present different kinds of toxic gas
hazards. There are hundreds of different toxics gases or
vapours. You need a familiarity with the characteristics of
the confined space in order to narrow down the
possibilities and choose equipment.

You must use a calibrated monitor that is capable of
measuring the hazardous atmosphere found in the
confined space. For example, if a propane heater is being
used inside a confined space, then you need calibrated
monitors capable of measuring oxygen levels, carbon
monoxide, and combustible gases.
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Perform the tests safely.
Entry into a confined space must be prohibited before the
appropriate tests are performed. Atmospheres should be
evaluated remotely (from outside the confined space)
before each entry. If possible, an extendable probe should
be inserted through an inspection port or other opening
before removing large doors or covers.
Make sure that as much of the space as possible is
tested, including the bottom, mid-level, top, and corners,
so that you don't miss layers or pockets of bad air. (See
figure below). There are some gases that are lighter or
heavier than air. Lighter gases, such as methane, will
accumulate at the top, while gases heavier than air will
sink to floor level. Gases that are the same weight as air,
such as carbon monoxide, will be found throughout a
confined space.

almost any other combustible gas. These devices give a
result expressed as a percentage of the lower explosive
limit (LEL) for the calibration gas used.
The next thing to check for is the presence of toxic gases
and vapour using a calibrated instrument.
If you're using a multi-gas monitor capable of measuring
oxygen, combustibles, and toxic gases simultaneously
then the order of testing is not as critical.
All three types of dangerous atmospheres must be
evaluated before entry. Users of gas detectors must be
competent workers. They must also receive training in the
operation, calibration, and maintenance of the devices.
Most manufacturers can provide necessary training.
Always test for the three dangerous atmospheres:

❑ too much or too little oxygen
❑ combustible or explosive gases or vapours
❑ toxic gases or vapours.
You may need to monitor the atmosphere
continuously.
Continuous monitoring in a confined space is required
while hot work is being performed in a potentially
flammable or explosive atmosphere or where the
flammable or explosive atmosphere has been rendered
inert by adding an inert gas. It should also be considered
when conditions in the confined space change rapidly.
If continuous monitoring is performed then test results
must be recorded at regular intervals.
Most confined space instruments have data-logging
capabilities. Data-logging is useful for compliance and
record-keeping purposes. If an accident or unusual event
happens, data-logging may be useful for demonstrating
due diligence.
Interpret the results.
There may be other gases present in the confined space
that interfere with the reading for the gas you are trying to
measure. Such gases are referred to as “interfering
gases.” They can lead to misinterpretation of the

Know the limitations of your specific equipment.
Consult the manufacturer's instructions for proper
use.

Check for oxygen content, combustible or explosive
gases and vapours, and toxic gases and vapours in
that order if you use more than one meter.

Temperature, humidity, and interfering gases can all
affect the performance of gas monitors.

First, check for oxygen content. Checking oxygen first is
important because you may need adequate oxygen to get
a valid result from other tests.
If the oxygen level is adequate, test for explosive
atmospheres. Several different calibration gases are
available. Methane is used most frequently since it is a
common gas found in many places. But you can get
devices calibrated for propane, hexane, heptane, or

monitoring results.
If the atmosphere meets acceptable exposure limits (see
next page) the confined space may be entered. If the
atmosphere does not meet acceptable limits, you need to
implement controls before anyone can enter.
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10) COMBUSTIBLE, EXPLOSIVE, OR
FLAMMABLE ATMOSPHERES

Acceptable atmospheric levels
< 25% of its lower explosive limit:
inspection work can be performed.

Explosive or
flammable gas
or vapour

< 10% of its lower explosive limit:
cold work can be performed. (Cold
work is work which does not involve
– welding and cutting
– the use of tools or equipment
which can produce a spark
– other sources of ignition.)

No worker is allowed to enter a confined space if airborne
combustible dust or mist is present in a concentration
sufficient for explosion. If an explosive or flammable
atmosphere is detected, you can perform only certain
types of work. The conditions for each type of work are
specified below the following definitions.

Hot work means activities that could produce a
source of ignition such as a spark or open flame.
Examples of hot work include welding, cutting,
grinding, and using non-explosion-proof electrical
equipment.

< 5% of its lower explosive limit: hot
work can be performed.

Oxygen content

Exposure to
atmospheric
contaminants

At least 19.5% but not more than
23% by volume.

Cold work means activities that cannot produce a
source of ignition.

Exposures to atmospheric
contaminants must not exceed what
is reasonable in the circumstances
(section 221.2 (c) of the
Construction Regulation).

a) Between 0% and 5% of the LEL, you can perform hot
work. The following conditions must also be met:

❑ The oxygen content must be maintained below
23%

The exposure limits in the
regulation on Control of Exposure
to Biological or Chemical Agents
(Ontario Regulation 833) and the
Designated Substance Regulations*
are generally considered
reasonable for protecting workers.

❑ The atmosphere must be continuoously
monitored.

❑ The entry permit must include adequate
provisions for hot work, and it must specify the
appropriate measures to be taken.

❑ An alarm and exit procedure must be in place to

* This is the case despite the fact that construction projects are,
strictly speaking, exempt from Regulation 833 and most of the
Designated Substance Regulations. (The Designated Substance
Regulation which does apply to construction is O. Reg. 278/05:
Designated Substance–Asbestos on Construction Projects and in
Buildings and Repair Operations.)

provide adequate warning and allow safe escape
if the atmospheric concentration exceeds 5% of
the LEL or if the oxygen content exceeds 23%.

If measurements are within acceptable exposure limits but
are approaching hazardous levels, the competent worker's
decision to proceed should be based on an assessment
of the source of the problem, the likelihood of change, and
the conditions at the scene. In doubtful cases, it is best to
implement the appropriate controls discussed in the
following section.
Recording the results.

b) Between 0% and 10% of the LEL, you can perform
cold work.
c) Between 0% and 25% of the LEL, you can perform
inspection work.
Alternatively, work may be carried out in the confined
space if the combustible, explosive or flammable
atmosphere is rendered inert by an inert gas (such as
nitrogen, argon, helium, or carbon dioxide).

The test results must be recorded on the work entry
permit. The records must be kept by the constructor or
employer for at least one year after the project is finished.

Inerting is the process of replacing the potentially
combustible atmosphere in a confined space with a
noncombustible gas such as nitrogen, argon, helium,
or carbon dioxide.

★ Never trust your senses to determine whether
the atmosphere in a confined space is safe.
★ You cannot see or smell many toxic gases and
vapours.
★ You cannot determine by your senses the level
of oxygen present.
★ Know which gases or vapours may be present in
the confined space and test for them.

The atmosphere must be monitored continuously to
ensure it remains inert. The worker in the confined space
must use adequate respiratory equipment as well as
adequate equipment to help people outside the confined
space locate and rescue the worker if a problem occurs.
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The inert gas will replace all of the oxygen as well
as the combustible gases in the confined space.
Workers entering the confined space should use
NIOSH-approved air-supplied respirators. After
work is completed, the confined space must be
properly ventilated, and a competent worker must
test the confined space to see if it is safe.

11. VENTILATION / PURGING
This is the most effective method of control. The space
can be purged of dangerous atmospheres by blowing
enough fresh air in, and/or by removing (or suctionventing) the bad air and allowing clean air in. Studies have
shown that the best results are obtained by blowing fresh
air into a space close to the bottom. Check the efficiency
of ventilation by re-testing the atmosphere with the gas
detection equipment before entry.
When ventilation is used to improve the air in a confined
space, ensure that the toxic or flammable gases or
vapours removed from the space do not pose a risk to
other workers. “Exhaust air” should not be discharged into
another work area.

If you use mechanical ventilation to maintain
acceptable atmospheric levels by providing a
continuous supply of fresh air, you must have a
warning system (i.e., an alarm) and exit procedure in
case there is a ventilation failure. The alarm should
be activated by a pressure switch at the fan rather
than by electrical failure. This ensures that the alarm
is activated if the fan belt fails.

A typical manhole 10 feet deep and 5 feet wide contains
196 cubic feet. Blowing in 750 cubic feet per minute
should provide an air change every 15 seconds and easily
dilute or displace most dangerous atmospheres.
Fans capable of moving 5,000 cubic feet per minute are
available for use in larger tanks and vessels.
This type of ventilation may not be adequate in situations
where additional toxic or explosive gases or vapours may
be generated (e.g., during cleaning and resurfacing tanks
or by disturbing sludge and scale).
In the case of welding or other work which generates a
localized source of toxic gas, fume, or vapour, an exhaust
ventilator can be used to draw out and discharge the
hazard in an open area. (See figure below.)
Options must be evaluated by someone who understands
the risks of the work being done.

In cases where the
concentration of
explosive gas or vapour
is higher than the UEL,
ventilation will bring the
concentration down into
the “Explosive Range.”
This is one reason why
you should use only
“explosion-proof” fans.
These may be specially
designed fans powered
by electricity or
compressed air. Some
pneumatic air movers
may also be suitable.
For manholes, you can
use portable fans. These
usually provide around
750-1,000 cubic feet of
air per minute.
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At the very least, the entry permit must include

WORKER TRAINING

❑ the location and description of the confined space

Workers must be trained before they enter a confined
space. The training must include

✓ recognizing the hazards (including potential hazards)
in the confined space

✓ safe work practices, including the use of all equipment
such as ventilation equipment, air monitors, and
personal protective equipment.

❑ a description of the work
❑ a description of the hazards and the corresponding
controls

❑ the time period for which the entry permit applies
❑ the name of the attendant

It is strongly recommended that

❑ a record of each worker who enters and leaves

❑ the employer use an evaluation procedure (a test) to

❑ a list of the equipment required for entry and rescue,

ensure that workers have acquired the knowledge
necessary to safely perform their duties

and verification that the equipment is in good working
order

❑ inexperienced workers team up with experienced

❑ the results of the atmospheric testing
❑ additional procedures and control measures if hot

workers.
You must review the content of the training at least
annually, and whenever there is a change in
circumstances such as a change in an industrial process.
If the review indicates that the training is not adequate,
you must provide additional training.
You must keep a record of the names of trainers, trainees,
as well as the date of training. If the project's joint health
and safety committee or health and safety representative
wants a copy of the record, you must provide one.

work is to be done.
The entry permit may also include

❑ a record of the hazard assessment
❑ the hazard control plan
❑ the training records.
See four pages ahead for a sample of an entry permit
form.

ENTRY PERMITS

Unauthorized entry

Permits are valuable tools for planning, evaluating, and
controlling confined space entries.

The constructor must ensure that each entrance to
the confined space is secured against unauthorized
entry and/or has adequate barricades or signs
warning against unauthorized entry.

A permit involves a formal system of procedures and is
issued by the employer before any worker enters the
confined space. A competent person must verify that the
permit issued complies with the plan before every shift.
The duration of an entry permit must not exceed the time
required to complete the task. Entry permits should be
understood by everyone involved in the job and must be
readily available to every person entering the confined
space.
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RECORD KEEPING
The employers must keep records of every

✓
✓
✓
✓
✓
✓
✓

plan
assessment
coordination document
training
entry permit
record of rescue equipment inspection
record of tests.

The records must be kept for at least one year after the
project is finished, and they must be available for
inspection.

See next few pages for
— a decision tree for confined space entry
— a sample confined space entry permit.
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Is the location a
confined space?

No

Yes
Is there more than one
employer involved in
the entry?

No

A copy of the co-ordination document must be
provided to each employer who performs work in the
same confined space and to the project’s joint health
and safety committee (JHSC) or health and safety
representative (HSR), if any.

Yes
Constructor must prepare a
coordination document

The employer
must prepare a
written program

The employer must give a
copy to the constructor.

The constructor, in turn, must provide a copy to:
• the project’s JHSC or HSR
and make copies available to:
• other employers involved
• workers involved if there is no project JHSC or HSR.

Employer must ensure
that a competent worker
prepares a written assessment

On request, a copy must be given to the project
JHSC or HSR, or workers if no project JHSC or
HSR exists.

Workers must be trained to perform work in
accordance with the plan.

A competent person must
prepare a written plan.

The employer must issue an entry
permit before any worker enters the
confined space.

Entrance permitted provided all applicable regulations are
followed. For example, if a worker may be injured by
inhaling a hazardous gas, vapour, dust, or fume, or there is
an explosion hazard, then adequate ventilation must be
provided by natural or mechanical means. If this is not
practicable then respiratory protective equipment suitable
for the hazard must be provided.

The entry permit must be
verified before each shift
by a competent person.

Before any worker enters the confined space written
procedures and rescue equipment must be in place.

The entry permit must be
available to every person
entering the confined space.

Rescue equipment must be inspected by a
competent worker.

The employer must ensure that workers entering the confined space are
provided with adequate protective clothing and PPE.
The employer must ensure that workers are protected against
• the release of hazardous substances
• contact with electrical energy
• contact with moving parts
• hazards associated with free-flowing material.

Before a worker enters a confined space, an attendant must be
• assigned
• stationed outside and near the entrance
• in constant contact with the workers inside
• provided with a device for summoning an adequate rescue response.

The constructor must ensure that the confined space is secured against unauthorized entry.

Before a worker enters a confined space, a competent worker must perform atmospheric testing.

Do tests indicate a hazardous atmosphere ?

No

Entrance permitted.

Yes
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DECISION TREE FOR CONFINED SPACES

CONFINED SPACES

Yes

From previous page

The hazardous atmosphere contains or is likely
to contain an explosive, flammable, or
combustible dust, mist, gas or vapour.

There is an airborne concentration of
dust or mist which is sufficient for
explosion.

Can all of the following conditions
be met?
The hazardous atmosphere
• can be rendered inert by
adding an inert gas and it can
be continuously monitored to
ensure it remains inert.
The workers can use adequate
• respiratory protective
equipment.
Adequate rescue equipment
• can be provided so that the
person outside can locate and
rescue the worker.
Other equipment can be
• provided as necessary to
ensure the worker’s safety.

The hazardous atmosphere contains or likely to contain an
atmosphere where the oxygen content is less than 19.5% or greater
than 23%; or there is an accumulation of gases, vapours, fumes
dust, or mist that can cause an immediate threat to life or prevent
unaided escape out of the confined space.

Or

Can the hazardous atmosphere be purged
and vented?

The hazardous atmosphere
contains an explosive or
flammable gas or vapour.

Or

Yes
If mechanical ventilation is required,
you need a warning system and exit
procedure in case of ventilation
failure.

No

Yes

Entrance permitted only if
• workers use adequate
respiratory protective
equipment
• adequate rescue
equipment is provided so
that the person outside
can locate and rescue the
worker
• other equipment is
provided as is necessary
to ensure the worker’s
safety.

Entrance
permitted.

No

Entrance permitted.

No worker is allowed to enter or remain in a
confined space if there is an airborne concentration
of dust or mist sufficient for explosion.

No worker is allowed to enter or remain in the confined space unless, for each of the following types of work, certain conditions are met
while performing the work.

Is the concentration of flammable or explosive gas
less than 5% of its Lower Explosive Limit (LEL) and
the oxygen content less than 23%?
Yes

Entrance permitted only if
• the atmospheric
concentration is monitored
continuously
• the entry permit provides
for control measures for hot work
• an alarm system and exit
procedures are provided.

For inspection work

For cold work

For hot work

No

Is the concentration of
flammable gas or vapour
less than 25% of its LEL?

Is the concentration of
flammable gas or vapour less
than 10% of its LEL?
No

Entrance permitted only if
• the hazardous atmosphere is
rendered inert by adding an
inert gas and it can be
continuously monitored to
ensure it remains inert
• the workers use adequate
respiratory protective
equipment
• adequate rescue equipment is
provided so that the person
outside can locate and rescue
the worker
• other equipment is provided
as is necessary to ensure the
worker’s safety.
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Yes
Entrance permitted
only if a worker can
perform cold work
that does not
create a source of
ignition.

No

Yes
Entrance permitted
only if a worker can
perform inspection
work that does not
create a source of
ignition.
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Sample confined space entry permit
Employer name ____________________________

Project name __________________________________

Date ______________________________________

Permit end time ________________________________

Assessment performed by __________________

Permit start time ________________________________

Location of confined space (or spaces if they are similar)
Description of confined space (or spaces if they are similar)

Description of work to be performed

Monitoring equipment
Air testing equipment

Serial #

Last calibrated

Air quality results
Location:

1

Test #
2

Location:

3

1

Location:

Test #
2

3

1

Test #
2

3

Time of test
Oxygen, %
Combustibles, %
Atmospheric
hazard:
Atmospheric
hazard:
Atmospheric
hazard:
Other:

Tester’s name ______________________________

Signature ______________________________________
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Controls
Atmospheric hazards
(existing or introduced)

Hazard controls

Personal protective
equipment (type)

Flammable
Toxic
Corrosive
Oxygen deficient
Oxygen enriched
Other:__________

Purge using mechanical
ventilation equipped with
warning device in case of
failure.
Natural ventilation
(re-test / air quality)

Respirator ____________________
Gloves ________________________
Boots ________________________
Coveralls ______________________
Eye protection__________________
Other: ________________________

Continuous monitoring
Other:________________

Physical hazards

Hazard controls

Personal protective equipment (type)

Hot temperature

Ventilation

Hearing protection

Cold

De-energize, lockout

Anti-vibration gloves

Noise

Blank, disconnect

Other gloves: ____________

Electricity

GFCI cords

Goggles

Vibration

Lighting

Fall protection

Slippery surface

Other:_________________

Other:___________________

Lighting
Work at height
Moving machinery
Influx of liquid
Influx of gas
Hazard above
Other:____________

Attendant

Attendant’s name __________________________

Signature ______________________________________

Communications
Method of communication with workers
__________________________________________

Method of communication to summon rescue
____________________________________________
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On-site rescue
Adequate number of trained persons are available to implement rescue procedures

Appropriate rescue
Appropriate rescue equipment has been inspected and is
equipment is readily
in good working order:
available to be used
for a rescue
List of equipment required for entry
Respirator
Tripod

Harness

Winch/cable

Coveralls

Other:_________________________________________

Rescue Plan

Training
Names of
Has confined
workers approved
space
for entry
training

Trained in the
entry plan

Time of entry

Time of exit

Hot work (complete if hot work will be conducted)
Will space be rendered inert by adding inert gas? Yes ❑

No ❑

If “yes,” ensure
space is monitored continuously to ensure it remains inert
worker(s) entering use adequate respiratory equipment – list equipment:_____________________
there is adequate equipment to allow persons outside to locate and rescue worker – list
equipment: __________________________________________________________________________
there is other equipment necessary to ensure safety of worker – list equipment: ______________
____________________________________________________________________________________
If “no,” ensure
Flammable gas is
maintained below 5% of
its LEL by purging and
continuous ventilation

O2 content is
maintained
below 23%

Supervisor’s name __________________________

Atmosphere will
be monitored
continuously

Alarm and exit procedures are in
place should the LEL exceed 5%
or the O2 exceed 23%

Signature ______________________________________
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WHERE IS IT?

34 ASBESTOS
This chapter provides some brief information about
asbestos in construction. If you encounter asbestos on the
job, you will need more information. Here are the two main
sources of further information on asbestos in Ontario
construction:

In addition, IHSA publishes Asbestos: Controls for
Construction, Renovation, and Demolition (DS037). It
contains more information than what’s in this chapter, and
it tells you how to protect yourself. It can also help you
understand the asbestos regulation. You can order a copy
from IHSA or download it from www.ihsa.ca.

Asbestos is a naturally occurring material once used
widely in the construction industry. Its strength, ability to
withstand high temperatures, and resistance to many
chemicals made it useful in hundreds of applications.
But asbestos can also kill. When inhaled, asbestos has
been shown to cause the following diseases
asbestosis
lung cancer
mesothelioma (cancer of the lining of the chest and/or
abdomen).

You need to protect yourself, your coworkers, your family,
and others from asbestos. Read the following pages and
the respirator chart at the end of the chapter.

Sprayed-On Fireproofing
Pipe and Boiler Insulation
Loose Fill Insulation
Asbestos Cement Products
Acoustical Plaster
Acoustical Tiles
Vinyl Asbestos
Gaskets
Roofing Felts
Asphalt/Asbestos Limpet Spray
Drywall Joint-Filling Compound
Coatings and Mastics

Residential

X
X**
X
X
X
X

Commercial/
Institutional

XX*
X

X

X
X
XX
X
X
X

X
X

X
X

Industrial

XX
X
X

XX
X
X
X

*Denotes extensive use. **Vermiculite insulation.

If you have any concerns about material that you believe
may be asbestos, have it checked before work is started.
Otherwise, treat the material as if it is asbestos.
Workers in the carpentry, drywall, resilient flooring, and
acoustic and interior systems trades may encounter
asbestos in

WHAT IS ASBESTOS?

The early widespread use of asbestos has left a
potentially dangerous legacy. The improper handling of
asbestos-containing products can release harmful
amounts of fibre.

ASBESTOS PRODUCTS IN CONSTRUCTION
Product

The legal requirements for handling, working with,
removing, and disposing of asbestos and asbestoscontaining products are described in Designated
Substance—Asbestos on Construction Projects and
in Buildings and Repair Operations (Ontario
Regulation 278/05). Read the regulation to get a full
description of your legal duties. You can get a copy from
the Infrastructure Health & Safety Association (IHSA), or
read it on www.ihsa.ca.

–
–
–

Most structures built between 1930 and 1975 will contain
products having substantial amounts of asbestos. See the
illustrations on the next page and the chart below.

–
–
–
–
–
–
–
–
–
–
–
–

light fixtures
light troughs
soffits
transite tile over stairways
soffits of plazas
ceiling tile
2' x 2' porous tile
exterior cladding
insulation
pre-1980 drywall joint compound
caulking materials
gaskets and packings.

Sanding creates fine airborne dust which may stay airborne
for 24 hours or longer. Air movements created by heating
and air-conditioning systems will spread these airborne fibre
particles throughout the building unless the work area and
ductwork is sealed off.
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ASBESTOS PRODUCTS IN RESIDENTIAL BUILDINGS
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FRIABLE AND NON-FRIABLE

CERTIFICATION AND TRAINING

Two classes of asbestos
products were widely used in
the past. The first includes
materials easily crumbled or
loose in composition. These
are referred to as “friable.”

Certification: Type 3 operations

The second type includes
materials much more durable
because they are held together
by a binder such as cement,
vinyl, or asphalt. These
products are termed “nonfriable.”
Friable material was widely
used to fireproof steel
structures. It can be found on
beams, columns, trusses,
hoists, and steel pan floors.
Sprayed material was also
used as a decorative finish
and as acoustical insulation
on ceilings.
The material can be loose,
fluffy, and lumpy in texture or,
if more gypsum was used, it
may be quite hard and durable.

Friable Materials

Approved Fireproofing

All workers who perform Type 3 asbestos operations—and
the supervisors of these workers—must be certified to do
their work. (Type 3 operations are discussed later in this
chapter.) This certification requirement is contained in
Ontario Regulation 278/05. There are two certification
programs: one for workers and one for supervisors.
Supervisors must complete both the worker program and
the supervisor program. The certification programs must
comply with the Ministry of Training, Colleges, and
Universities’ training standards for the programs. Contact
IHSA for details (1-800-781-2726).

Training for any “Type” of asbestos
operation
Acoustical Coating

Whenever work is planned at a location where asbestos is
present, constructors and employers must inform workers
about

❑ the location of asbestos-containing materials or
materials assumed to contain asbestos

❑ whether the material is friable or non-friable, and
❑ the type of asbestos (e.g., chrysotile, amosite,
tremolite, etc.) if the material is sprayed.

Sprayed Fireproofing

Constructors and employers must then ensure that
workers are trained on asbestos hazards and controls as
detailed on the next page.

Air-Cell Pipe Insulation

Employers performing regular service or maintenance
work on behalf of owners have these same training
requirements. Such employers should develop safe work
practices. They should also become familiar with the
owner's asbestos procedures and communicate them to
their employees.

Non-Friable Materials

Suspended Ceiling Concealing Fireproofing

Asbestos-Cement Siding

Vinyl Asbestos Floor Tile
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Content of training

ENCAPSULATION OR REMOVAL

All workers who perform a Type 3 asbestos operation, and
the supervisors of the operation, must be certified to do
their work. See the section on “Certification: Type 3
operations” on the previous page.

In dealing with asbestos that may be encountered in
applications such as fireproofing and cement, the decision
whether to encapsulate the material, remove it, or leave it in
place rests with the client/owner.

Workers in any “Type” of asbestos operation—as well as
other workers who could be exposed to asbestos—must
be trained by a competent person on the following:

Many owners of asbestos-containing buildings have decided
to reduce the risk of exposure to asbestos. The procedure is
normally either removal or encapsulation. Encapsulation
means spraying an approved sealant onto or into the
material to prevent the release of fibres into the air in the
building.

❑ the hazards of asbestos exposure
❑ the purpose, inspection, maintenance, use, fitting,

Encapsulation is permitted only if the asbestos will not be
damaged further in the process.

cleaning, disinfecting, and limitations of respirators

❑ personal hygiene and correct procedures for work

Removal of asbestos is a more permanent solution to the
problem. Most removal projects employ the wet removal
method. Water and a wetting agent are sprayed onto the
asbestos. This effectively reduces the quantity of fibres
released when the material is removed.

with asbestos

❑ how to use, clean, and dispose of protective clothing.
Note: The above applies to facility owners and tenants
whose staff undertake work involving the removal or
disturbance of asbestos-containing material or who
contract with other employees to do so.

Dry removal is normally done only when wet removal is
unsafe or impractical – for instance in computer rooms or
other areas where there is a chance of water damage to
delicate equipment. Dry removal causes excessively high
concentrations of asbestos fibres (in excess of 100 fibres
per cubic centimetre) and may contaminate other previously
“clean” areas.

Training should also include

❑ methods of recognizing asbestos, including
identification of building materials that contain
asbestos

❑ the relationship between smoking, asbestos, and lung
cancer

❑ the kinds of operations that could result in exposure
to asbestos

❑ classification of Type 1, Type 2, and Type 3 operations
❑ required work procedures and controls to minimize
exposure, including engineering controls, work
practices, respirators, housekeeping procedures,
hygiene facilities, protective clothing, decontamination
procedures, emergency procedures, and waste
disposal procedures

During dry removal projects, use an extensive filtered
exhaust system to create a slight negative air pressure in
the work area. This will reduce the chance of spreading
asbestos fibres. The requirements for negative air pressure
are specified in the asbestos regulation.
Another solution is to enclose the asbestos with a physical
barrier such as drywall. This is normally done where the
area is not going to be entered frequently or altered later.
The asbestos regulation specifies what precautions must be
taken during removal, encapsulation, or enclosure.

❑ the requirements of the medical-surveillance program
❑ the requirements for signs and labels.
The joint health and safety committee or the health and
safety representative must be informed about when and
where the training will take place.

Spraying Asbestos Ceiling Material with
Amended Water Before Wet Removal
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TYPES

TYPE 1 OPERATIONS

Under Ontario law, asbestos operations are classified as
Type 1, Type 2, or Type 3.

Type 1 operations include the following:

Type 1 – generally presents little hazard to workers or
bystanders (for example, hand removal of vinyl
asbestos tile).

1) Installing or removing less than 7.5 square metres of
ceiling tile containing asbestos (81 square feet, or ten
4-foot x 2-foot ceiling tiles) without it being broken,
cut, drilled, abraded, ground, sanded, or vibrated.

Type 2 – may create exposure exceeding acceptable
limits (for example, removing six square inches
of asbestos fireproofing to attach a new pipe
hanger).

2) Installing or removing non-friable asbestos-containing
material, other than ceiling tiles, without it being
broken, cut, drilled, abraded, ground, sanded, or
vibrated.

Type 3 – major exposures, exceeding acceptable limits,
involving frequent or prolonged exposure, and
posing serious risks to both workers and to
bystanders (for example, full-scale removal of
sprayed asbestos fireproofing in an occupied
building).

3) Breaking, cutting, drilling, abrading, grinding, sanding,
or vibrating non-friable asbestos-containing material if
a) you wet the material, and
b) you use only non-powered hand-held tools.

Ontario Regulation 278/05 (Designated Substance—
Asbestos on Construction Projects and in Buildings and
Repair Operations) outlines safe work procedures and
respiratory protection for workers who may encounter
asbestos in the course of their work. IHSA also produces a
manual called Asbestos: Controls for Construction,
Renovation, and Demolition (DS037). It shows how
workers can protect themselves. The manual also
describes correct procedures for asbestos operations, and
helps employers and constructors understand their legal
responsibilities.

4) Removing less than one square metre of drywall
where asbestos joint-filling compound was used (see
shaded box on next page).
If these operations are done properly, it is unlikely that
exposure will exceed acceptable limits.
See the respirator selection chart at the end of the
chapter to determine the respirator you require. You must
also follow the control procedures described in Ontario
Regulation 278/05. See IHSA’s asbestos manual (DS037)
for details.

Wetting agent
Water alone is not sufficient to control dust and
fibres. You must add a “wetting agent” to reduce the
water’s surface tension. This increases the water’s
ability to penetrate material and get into nooks and
crannies.
To make this “amended water,” you can use ordinary
dishwashing detergent: 1 cup detergent for every 20
litres of water.
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TYPE 2 OPERATIONS

7) Removing one square metre or more of drywall where
the joint-filling compound contains asbestos.

Exposure to asbestos is likely in Type 2 operations. You
need controls to protect workers and others nearby.

Note: The classification of drywall compound removal
is being reviewed. Please check with the Ministry of
Labour.

Type 2 operations include the following:
1) Removing all or part of a false ceiling in buildings
containing sprayed asbestos fireproofing if it is likely
that asbestos dust is resting on top of the ceiling. This
is likely when fireproofing is deteriorating or damaged.

Drywall joint-filling compound
Early drywall joint-filling compounds contained
significant amounts of asbestos fibre. This particular
use was specifically prohibited in 1980. Still, it may
be found in buildings constructed several years
afterwards.

8) Working on non-friable asbestos with power tools that
are attached to dust-collecting devices equipped with
HEPA filters. If you need to power-grind or machine
the asbestos product and your tools are not equipped
with HEPA-filtered dust collectors, refer to IHSA’s
Asbestos: Controls for Construction, Renovation,
Demolition, Section 12.9.
To prevent electric shock, any power tools used
around water must be equipped with a ground fault
circuit interrupter (GFCI) and be maintained properly.

For details on enclosure, refer to Ontario Regulation
278/05: Designated Substance—Asbestos on
Construction Projects and in Buildings and Repair
Operations.

2) Removing or disturbing less than 1 square
metre of friable asbestos materials—for example,
repairing an insulated pipe joint or removing some
fireproofing to fasten a new pipe hanger.
3) Enclosing friable asbestos insulation to prevent further
damage or deterioration.
4) Applying tape, sealant, or other covering (by means
other than spraying) to pipe or boiler insulation.
5) Installing or removing more than 7.5 square metres of
ceiling tile containing asbestos, without it being
broken, cut, drilled, abraded, ground, sanded, or
vibrated.

9) Using a glove bag to remove asbestos-containing
materials from pipes, ducts, or similar structures.

6) Breaking, cutting, drilling, abrading, grinding, sanding,
or vibrating non-friable asbestos-containing material if
the material is not wetted and the work is done only
with non-powered hand-held tools.

11) An operation that is not Type 1 or Type 3.

10) Cleaning or removing filters used in air-handling
equipment in a building with sprayed asbestos
fireproofing.

See the respirator selection chart at the end of the
chapter to determine the respirator you require. You must
also follow the control procedures described in Ontario
Regulation 278/05. See IHSA’s asbestos manual (DS037)
for details.
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TYPE 3 OPERATIONS

ASBESTOS WASTE
MANAGEMENT

These operations require the most precautions because
they can release substantial amounts of asbestos dust.

The off-site handling and disposal of asbestos waste is
governed by the Environmental Protection Act.
Regulations regarding the transportation of dangerous
goods under either Transport Canada (federal) or the
Ontario Ministry of Transportation may also apply.

Every worker and supervisor involved in a Type 3
operation must be certified to do their work. See the
section on “Certification and Training” earlier in this
chapter.

Some municipalities may not accept asbestos waste at
landfill operations. Contractors are urged to check with
local authorities for the nearest disposal site and with the
district office of the Ministry of the Environment.

Type 3 operations include the following:
1) Removing or disturbing more than 1 square metre of
friable asbestos-containing material.
2) Spraying a sealant onto friable asbestos material.
3) Cleaning or removing air-handling equipment in
buildings with sprayed asbestos fireproofing.
4) Repair, alteration, or demolition of kilns, metallurgical
furnaces, and other installations with asbestos
refractory materials.
5) Disturbing non-friable asbestos material in any way
with power tools not equipped with dust collectors and
HEPA vacuums.
6) Repair, alteration, or demolition of buildings which are
or were used to manufacture asbestos products
unless the asbestos was cleaned up and removed
before March 16, 1986.
See the respirator selection chart at the end of the
chapter to determine the respirator you require. You must
also follow the control procedures described in Ontario
Regulation 278/05. See IHSA’s asbestos manual (DS037)
for details.

EQUIVALENT MEASURES AND
PROCEDURES
A contractor may use measures and procedures other than
those described in this chapter if the proposed measures
and procedures offer the same or better protection for
workers.
A written notice of this variance must be given in advance to
the joint health and safety committee or the health and
safety representative for the workplace.

A typical entry/decontamination layout for a Type 3 operation
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35 WATER AND ICE
Construction over and around water and ice presents
special dangers. Precautions specifically developed for
such construction must be taken before work begins.
This chapter outlines general safeguards that must be
followed whenever personnel are required to work over
water or on ice, including construction on bridges,
wharves, dams, locks, and breakwaters.

•

wearer's head above water, face up, without effort by
the wearer.
Appropriate rescue measures must be prepared.

In addition, the positioning and securing of vessels used
as work platforms should be supervised and undertaken
by experienced personnel.

Guardrails
The requirements for guardrails specified in this manual
and in Section 26 of the Construction Regulation apply to
work stations over water or ice.

Ramps
Ramps must be
–
–
–

Rescue Boat

at least 46 centimetres (18 inches) wide
not sloped more than 1 in 3 (20 degrees) and
where slope exceeds 1 in 8 (6 degrees), have cleats
19 x 38 millimetres (1 inch by 2 inches) secured at
regular intervals not more than 50 centimetres (20
inches) apart.

When a ramp is used for equipment such as
wheelbarrows and a worker may fall from the ramp a
distance of 1.2 metres (4 feet) or more — or may fall any
distance into water — the ramp must be provided with
guardrails (Figure 122).

Fall-Arrest Systems
The requirements specified in the chapters on Guardrails
and Personal Fall Protection in this manual apply to work
over water or ice.

Safety Nets
Safety nets may be necessary when structural design,
loading access, worker mobility, or other factors make
guardrails and fall-arrest systems impractical (Figure 123).

Figure 123
1

Figure 122

3
Maximum Ramp Slope

Safety nets must be
•

•
•

Floating Work Platforms
When used on a construction project, rafts, scows, and
similar vessels are considered work platforms. As such,
they are subject to certain requirements.
•

•

Guardrails must be provided along open edges. The
guardrails may be removed at the working side of the
platform, provided workers are protected by alternate
measures of fall protection.
Workers on floating platforms must wear lifejackets. A
lifejacket provides enough buoyancy to keep the
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designed, tested, and installed in accordance with
ANSI Standard 10.11-1989, Personnel and Debris
Nets for Construction and Demolition Operations
installed by a competent worker
inspected and tested by a professional engineer or
competent person under the engineer's supervision
before the net is put into service.

WATER AND ICE

The engineer must document the inspection and testing of
the safety net and sign and seal the document. A copy of
the document must be kept at the project while the safety
net is in service.

Lifejackets and PFDs
A PFD is a personal flotation device.
A lifejacket is a PFD that provides buoyancy adequate to
keep the wearer's head above water, face up, without effort
by the wearer.
Other PFDs do not provide this protection. Some provide
flotation only.
Lifejackets must be worn by workers exposed to the
danger of drowning in water deep enough for the lifejacket
to be effective. Workers must use an approved lifejacket
when travelling on water or while at a project over or
adjacent to water.
For boating to and from the worksite, boats must be equipped
with one approved lifejacket for each person on board.

–
–

one approved lifejacket for each person on board
one paddle or an anchor with at least 15m of cable,
rope, or chain
one bailer or one manual pump
one Class 5BC fire extinguisher if the craft has an inboard engine, fixed fuel tank, or fuel-burning appliance
one sound signalling device.

All powerboats require some navigation lights if operated
after sunset or before sunrise. For appropriate regulations,
consult the Safe Boating Guide published by the
Canadian Coast Guard, or the Canada Shipping Act –
Small Vessel Regulations and applicable standards set
out in the Collision Regulations under the Act.

Rescue
Where personnel are exposed to the risk of drowning, at
least two workers trained to perform rescue operations
must be available for a rescue operation. A seaworthy
boat must also be available and furnished with the
following rescue equipment (minimum):

–
–

–
–

–

“Approved” refers to approval by Transport Canada (look for
the Transport Canada label).

–

Figure 125

Ice Testing

a ring buoy attached to 15 metres (50 feet) of
polypropylene rope 9.5 millimetres (3/8 inch) in diameter
a boat hook
lifejackets for each person in the rescue crew.

Where a manually-operated boat is not suitable or where
the water is likely to be rough or swift, the rescue boat
must be power-driven. The engine should be started and
checked daily.
Rescue equipment such as boats must be stored on or
near the project, ready for use.
Where there is a current in the water, a single length of
line must be extended across the water downstream from
all work locations and be fitted with buoys or similar
floating objects that are capable of providing support for a
person in the water. The line must be securely fastened at
each end to adequate anchorage.
An alarm system must be installed and maintained to alert
workers to the need for an emergency rescue.
All of these requirements are illustrated in Figure 125.

Transporting Workers by Boat
When navigating any Canadian waterway, boats and other
floating vessels must comply with the requirements of the
Canada Shipping Act. Refer specifically to the Small Vessel
Regulations (Section 16.02) and Collision Regulations
under the Act.
Commonly, boats used for construction operations are not
longer than 6 metres (19’8”). Boats in this class must be
equipped with at least

Work, travel, and parking on frozen bodies of water
should be avoided whenever possible and be done only
as a last resort. The ice must be tested before any
workers or vehicles are allowed onto the surface. Loads
that may safely travel on ice may not necessarily be left
on ice for extended periods of time. This applies especially
to parked vehicles.
Before testing, learn as much as possible about ice
conditions from local residents. Testing requires at least two
persons on foot proceeding with caution. Each person must
wear an approved lifejacket or, preferably, an approved
floatable survival suit that protects against hypothermia.
For ice testing, a survival suit or lifejacket is required
because a person falling into frigid water may lose
consciousness and the suit or lifejacket will keep the
person's face out of the water.
Members of the ice-testing crew should stay about 10
metres (30 feet) apart. The lead member must wear a
safety harness attached to a polypropylene rescue rope
9.5 millimetres (3/8 inch) thick, at least 20 metres (65 feet)
long, and held by the trailing crew member (Figure 127).
Clear blue ice is the most desirable for strength. White or
opaque ice forms from wet snow and has a higher air
content. It is less dense and therefore weaker than clear
blue ice. Grey ice indicates the presence of water from
thawing and should not be trusted as a load-bearing surface.
The lead crew member should cut test holes every 8
metres (25 feet) or so. If ice is less than 10 centimetres (4
inches) thick, the lead and trailing crew members should
vacate the area immediately.
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A wet crack indicates penetration through the ice to water
below. Bearing capacity can be dangerously lowered. For
a single wet crack, reduce loads by three quarters. Most
wet cracks refreeze as strong as the original ice. A core
sample should be taken to determine the depth of healing.

Other Considerations

Figure 127

The biggest uncertainty about the load-bearing capacity of
ice is the natural variation in thickness and quality that
can occur over a given area. Currents and springs can
cause variations in thickness without changing the overall
surface appearance of the ice. Considerable variation in
ice thickness can occur where rivers have significant
currents or high banks. Similar situations occur in lakes at
the inlet and outlet of rivers.
Only the thickness of continuously frozen ice should be
used to determine bearing capacity. The basis for capacity
should be the minimum thickness measured.
In addition to testing for thickness, crews should check ice
for cracking.

• Ice roads must be at least 40 centimetres (16 inches) thick
along their entire length and should be clearly marked.
• Ice roads should not be built up more than 10 centimetres
(4 inches) in one day and must not be used or reflooded
until the top layer has completely frozen.
• While an ice road is in use it must be checked daily for
thickness, cracks, thawing, and other conditions.
• All rescue equipment listed earlier in this chapter must be
readily available.
• A life ring attached to 20 metres (65 feet) of polypropylene
rescue rope 9.5 millimetres (3/8 inch) thick must be kept
within 35 metres (115 feet) of the work area.
• A warm place such as a truck cab or hut must be provided
and made known to personnel near the worksite.
For more information on the bearing capacity of ice,
see Safety Guide for Operations Over Ice, by the
Treasury Board of Canada.

Recommended Bearing Capacity
Based on Experience — Moving Loads Only

LOAD, tons

LOAD, metric tonnes

THICKNESS OF GOOD QUALITY FRESH WATER ICE, cm.

Ice thickness (Figure 128) is determined by the full
thickness of clear blue ice plus half the thickness of any
white,
continuously
frozen ice
(source: Safety
Guide for
Operations Over
Ice, Treasury
Board of Canada).
For repeated work
or travel over ice,
the surface must
be tested
regularly to
ensure continued
Figure 128
safety. Ice must
also be tested regularly near currents or eddies and
around permanent structures like abutments.

THICKNESS OF GOOD QUALITY FRESH WATER ICE, inches

The allowable load should be reduced by one half
for operations on white opaque ice.

Bearing Capacity of Ice

Graph 1

Where heavy equipment such as cranes or structures such
as concrete forms are to be placed on ice for extended
periods, ask an experienced consultant for advice on
bearing capacity, load methods, and inspection procedures.
With professional advice it is possible to increase bearing
capacity considerably. But careful control is required over
surface operations, loading procedures, and ice monitoring.

Courtesy Treasury Board of Canada

Ice thickness versus ice strength
This table provides the safe load for a given ice thickness of
•
•

In other cases, refer to Graph 1 for allowable moving
loads on various thicknesses of clear blue ice. Remember:
the graph is not to be used for loads parked, stored, or
otherwise left stationary for long periods of time.
Certain types of cracking can affect the bearing capacity
of ice. For a single dry crack wider than 2.5 centimetres (1
inch), reduce loads by one third; for intersecting cracks of
this size, reduce loads by two thirds. Dry cracks can be
repaired by filling in with water or slush.

fresh ice (lake and river ice) and
sea ice (St. Lawrence River, Gulf of St. Lawrence, etc.)
SAFE LOAD

OPERATION

FRESH ICE

SEA ICE

One person

at rest

8 cm

13 cm

0.4 ton

moving slowly

10 cm

18 cm

10 ton tracked
vehicle

moving slowly

43 cm

66 cm

13 ton aircraft

parked

61 cm

102 cm

Table provided by the National Research Council of Canada.
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