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Most electrical injuries occur because of misconceptions about how electricity works.
The “Myths” of electricity are covered throughout this program. I’m sure many of you
have heard these myths before and quite possibly believe them. It is important that you
understand that the OSHA Standards, NFPA 70 E, and the National Electric Code have
been developed over the years as a response to real accidents, injuries and fatalities.

As you go through this program keep an open mind. Try to visualize how the issues
covered in this program effect the way you work on or near electrical services. The safe
work practices we discuss are important at work or home.

Bob LoMastro
LoMastro & Associates, Inc.

The Myths of Electricity
It takes a lot of voltage to kill someone
Electricity takes the path of least resistance
Water shorts out an electrical circuit
Outdoor wiring is insulated
If you can’t see a wound, don’t worry
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Course Objectives

1. To improve your electrical safety knowledge and your ability to protect
yourself and others when working on, or near, energized circuits.

2. To recognize actual and potential electrical hazards.

3. Relate the potential severity of electrical shock to:
a. The amount of current flow in the body,
b. The path of current flow through the body, and
c. The length of time the current flows in the body.

4. Identify the correct protective measures (PPE) to guard against injury from
electrical Shock, Arc blast, Falls, Electrocutions and other hazards.

5. Become familiar with OSHA’s Electrical Standards, hazard recognition and
abatement.
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Electrical Safety Quiz

We use electricity throughout a normal day, often without thought to the potential
hazards we may be facing. If hazardous conditions or practices exist and are ignored,
serious accidents may result. Everyone should understand the importance of evaluating
the safety of electrical equipment, the importance of proper grounding, identifying
hazardous locations, and conducting effective electrical inspections, maintenance and
training. The following quiz will help you to determine how much you already know
about electrical safety. If you don’t know the answer, just leave it blank (don’t guess).

1. Electrical current is measured in amperes (amps). The measurements
used to determine hazards of electrical shock are measured in levels
equal to .001 ampere. What is the term used to describe this
measurement level? _____________

2. How many amps are carried in a typical branch circuit? ____________

3. How much current does it take to cause death? _________

4. What level(s) of electrical service is/ are provided to the areas where you
work? Volts _____amps _______

5. A drill and a space heater are connected to the same household circuit.
The tool uses 1200 watts and the heater 1500 watts (P). How many amps
are required for both tools to run?

V = IR

P = VI __________________________________________________

Is the branch circuit overloaded? What specifically happens when the overload
occurs? _________________________

6. What are the three elements needed for an electrical injury to occur?
____________ ____________ _____________

7. What is the specific purpose of the equipment ground?
_________________________

8. You are using an electrical tool near water, what device can prevent or
minimize personal injury? __________________________________

9. How does the human body often respond to low voltage exposures that
may increase the severity of injuries? ___________________________

10. What energy sources are controlled by Lock-Out/ Tag-Out or Permit
systems? ___________________________________________________
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What is Electricity?

Though you cannot see electricity, you are aware of it every day. You see it used
in countless ways. You cannot taste or smell electricity, but you can feel it.

Basically, there are two kinds of electricity - static (stationary) and dynamic
(moving). We’ll primarily discuss dynamic electricity because that is the kind
commonly put to use. Static electricity is usually undesired, and can create
explosion hazards.

Electricity (dynamic) is characterized by the flow of electrons through a conductor.
To understand this phenomenon, you must know something about chemical
elements and atoms.

Elements and Atoms

Elements are the most basic of materials. Every
known substance - solid, liquid, or gas - is composed
of elements.

An atom is the smallest particle of an element that
retains all the properties of that element. Each
element has its own kind of atom; i.e., all hydrogen
atoms are alike, and they are all different from the
atoms of other elements. However, all atoms have
certain things in common. They all have an inner
part, the nucleus, composed of tiny particles called
protons and neutrons. An atom also has an outer
part. It consists of other tiny particles, called
electrons, which orbit around the nucleus. Neutrons have no electrical charge, but
protons are positively charged. Electrons have a negative charge. The atoms of
each element have a definite number of electrons, and they have the same number
of protons. An aluminum atom, for example, has thirteen of each. The opposite
charges - negative electrons and positive protons - attract each other and tend to
hold electrons in orbit. As long as this arrangement is not changed, an atom is
electrically balanced. This is illustrated by the figure on the right. However, the
electrons of some atoms are easily moved out of their orbits. This ability of
electrons to move or flow is the basis of current electricity.

When electrons leave their orbits, they are referred to as free electrons. If the
movement of free electrons is channeled in a given direction, a flow of electrons
occurs. As previously stated, the flow of electrons through a conductor
characterizes dynamic electricity.

13 P

14 N

Nucleus (13 protons, 14 neutrons)

First Shell

Second Shell

Third Shell

ALUMINUM ATOM
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Electrical Materials

A material that contains many free electrons and is capable of carrying an
electric current is called a conductor. Metals and (generally) water are
conductors. Gold, silver, aluminum and copper are all good conductors.

Materials that contain relatively few free electrons are called insulators.
Non-metallic materials such as dry wood, pure rubber and water, glass, and
mica are insulators.

Fair conductors include the human body, earth, wood, contaminated
fiberglass, water, steel belted car and truck tires that contain carbon,
concrete, brick and tile (refer to the NEC article 110-16{a}).

Generating Electricity

There are several ways to produce electricity. Friction, pressure, heat, light,
chemical action, and magnetism are among the more practical methods
used to make electrons move along a conductor.

To date, magnetism is the most inexpensive way of producing electrical
power and is therefore of most interest to us. Because of the interaction of
electricity and magnetism, electricity can be generated economically and
abundantly and electric motors can be used to drive machinery. Electricity
is produced when a magnet is moved past a piece of wire. Or, a piece of
wire can be moved through a magnetic field. A magnetic field, motion, and
a piece of wire are needed to produce electricity.

Voltage, Current and Resistance

Voltage

A force or pressure must be present before water will flow through a
pipeline. Similarly, electrons flow through a conductor because a force
called electromotive force (EMF) is exerted. The unit of measure for EMF is
the volt. The symbol for voltage is the letter E. A voltmeter is used to
measure voltage.

Current
For electrons to move in a particular direction, it is necessary for a potential
difference to exist between two points of the EMF source. The continuous
movement of electrons past a given point is known as current. It is
measured in amperes. The symbol for current is the letter I and for
amperes, the letter A. It is sometimes necessary to use smaller units of
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measurement. The milliampere (mA) is used to indicate 1/1000 (0.001) of
an ampere. If an even smaller unit is needed, it is usually the microampere
(). The microampere is one-millionth of an ampere. An ammeter is used
to measure current in amperes. A microammeter or a milliammeter may be
used to measure smaller units of current.

Resistance

The movement of electrons along a conductor meets with some opposition.
This opposition is known as resistance. Resistance can be useful in
electrical work. Resistance makes it possible to generate heat, control
current flow, and supply the correct voltage to a device.

Basic Terms Voltage =
Force or
pressure
causing

electricity to
flow

Ohms =
Measurement of
resistance in the
conductor (wire)
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Rules of electric current:

When current has a path to the point of use and back home, you have a complete circuit and therefore
current flow.

Closed/complete Circuit

Open circuit

There is no electrical action until current flows in a circuit. If the path is not complete,
there is no current flow. This can be planned or unplanned.

When a low impedance connection between the grounded and ungrounded conductor occurs, a
short circuit exists. Circuit breakers will detect this condition and “open” the circuit to prevent
fires.

Short circuit

Voltage
present

Short to Ground

When a connection between a conductive path to earth and an ungrounded conductor occurs,
a short to ground exists. A circuit breaker may not detect this condition. A GFCI will, and protect the
worker.
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When you work with electrical equipment or around electrical services, it is important to
know what will and will not provide protection. A lot of injuries occur because people
think the term insulator means always. A material that insulates at 120V may provide
little or no protection at 240V.

A lot of the OSHA electrical standards deal with the requirement to have live parts
properly enclosed. The outer insulation on an extension cord must not have any cuts or
damage. Covers and cover plates must be of approved materials. These standards are in
place to assure that electrical hazards are protected. To remove, modify or defeat these
protections is inviting danger.

Qualified electrical workers must determine what voltage and amperage is present to
determine the proper protective gear. The voltage (electrical pressure) determines how
much insulation is needed to resist the flow of current.

Is water a conductor or an insulator?

Is skin a conductor or an insulator?

Is a wooden ladder conductive?

How about fiberglass ladders?

What about the covering on overhead power lines?

Is glass an insulator? What about rubber?

Are concrete, brick, and tile?

Why is it one-person gets a shock and the next person is killed?

Electrical Injuries
There are many dangers to humans:

Shock
Arc Blast
Fires/Falls

Explosions/electrocutions
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There are two types of burns when dealing with electrical energy:

Electrical burns - burn from the inside outThermal burns - burn from the outside in

Hopefully you’ll never have to experience an electrical shock. If you do, remember that medical
professionals should evaluate all severe electrical shocks. Never believe that the outside wounds
indicate the severity of the incident. Internal bleeding and tissue damage are not always obvious. Many
deaths have occurred several days after an electrical shock.

NIOSH 10 Year Study: Average Victim of Electrocution

32 years old
13 + years of education
Less than one year on the job
96% had safety training
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Current Levels for Injury

Sensation 1 ma.
Mild shock, tingle/pain 3-8 ma.
GFCI functions 4-6 ma.
Muscle contraction 10-15 ma.
Chest contractions/asphyxiation 20 ma.
Temporary paralysis 30 ma.
Ventricular fibrillation 70 - 100 ma.
Tissue damage/burns/hemorrhage 300 ma.

Overcoming The Myths of Electricity

It takes a lot of voltage to kill someone: Voltage only supplies the pressure, it’s the
level of current flowing that dictates the level of risk to humans. Death can occur as low as 20
mA.

Electricity takes the path of least resistance: Electricity takes every path it can find
to return home. The path with the least resistance just gets the high percentage of the load.

Water shorts out an electrical circuit: Pure, de-mineralized water doesn’t conduct
electricity. It’s actually the minerals in the water. Just like it’s the minerals in your body that
conduct the current. Humans are better conductors than water.

Outdoor wiring is insulated: Most outdoor service wire is simply coated for weather
proofing. Under the right conditions current can flow through this cover. Listen to them hum
sometime when they are wet.

If you can’t see a wound, don’t worry: The outer wounds won’t tell us what happened
inside the body. Always have serious shock victims checked by medical professionals.

There are many dangers to humans: Protect against:
Shock
Arc Blast
Fires/Falls
Explosions/electrocutions
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OSHA's Electrical
Safety-Related Work Practices

1910.331 Scope
(a) Covered Work by Both Qualified and Unqualified Persons. The Provisions of
§§1910.331 through 1910.335 cover electrical safety work practices for both Qualified
Persons (those who have training in avoiding the electrical hazards of working on or near
exposed energized parts) and Unqualified Persons (those with little or no such training).

NFPA 70E, Standard for Electrical Safety Requirements
for Employee Workplaces 2000 Edition

2-2 Employee Training.
2-2.1 Qualified Persons. A qualified person shall be trained and knowledgeable of the
construction and operation of equipment or a specific work method, and be trained to
recognize and avoid the electrical hazards that might be present with respect to that
equipment or work method. Such persons shall also be familiar with the proper use of
special precautionary techniques, personal protective equipment, insulating and
shielding materials, and insulated tools and test equipment. A person can be
considered qualified with respect to certain equipment and methods but still be
unqualified for others. Such persons permitted to work within limited approach of
exposed energized conductors and circuit parts shall, at a minimum, be additionally
trained in the following:

(a) The skills and techniques necessary to distinguish exposed energized parts
from other parts of electric equipment,

(b) The skills and techniques necessary to determine the nominal voltage of
exposed energized parts,

(c) The approach distances specified in Table 2-3.3.5 (of the standard) and the
corresponding hazard,

(d) The decision-making process necessary to determine the degree and extent of
the hazard and the personal protective equipment and job planning necessary to
perform the task safely.
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1910.332 Training
(a) Scope. The training requirements contained in this section apply to employees who
face a risk of electric shock.

(b) Content of training.

(1) Employees shall be trained in and familiar with the safety-related work practices
required by §§1910.331 through 1910.335 that pertain to their respective job
assignments.

(2) Additional requirements for unqualified persons. Employees who are covered by
paragraph (a) of this section but who are not qualified persons shall also be trained in
and familiar with any electrically-related safety practices not specifically addressed by
§§ 1910.331 through 1910.335 but which are necessary for their safety.

(3) Additional requirements for qualified persons. Qualified persons (i.e., those
permitted to work on or near exposed energized parts) shall, at a minimum, be trained
in and familiar with the following:

(i) the skills and techniques necessary to distinguish exposed live parts from
other parts of electrical equipment;

(ii) the skills and techniques necessary to determine the nominal voltage of
exposed live parts; and

(iii) the clearance distances specified in §1910.333(c) and the corresponding
voltages to which the qualified person will be exposed. 

§1910.333(c)(2)..
(2) Work on energized equipment. Only qualified persons may work on electric

circuit parts or equipment that have not been de-energized under the procedures
of paragraph (b) of this section. Such persons shall be capable of working
safely on energized circuits and shall be familiar with the proper use of
special precautionary techniques, personal protective equipment, insulating
and shielding materials, and insulated tools.
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§ 1910.333(a)

(2) Energized parts. If the exposed live parts are not de-energized (i.e., for reasons of
increased or additional hazards or infeasibility), other safety-related work practices
shall be used to protect employees who may be exposed to the electrical hazards
involved. Such work practices shall protect employees against contact with
energized circuit parts directly with any part of their body or indirectly
through some other conductive object. The work practices that are used shall be
suitable for the conditions under which the work is to be performed and for the
voltage level of the exposed electric conductors or circuit parts. Specific work
practice requirements are detailed in paragraph (c) of this section.

(b) Working on or near exposed de-energized parts.

(1) Application. This paragraph applies to work on exposed de-energized parts or near
enough to them to expose the employee to any electrical hazard they present.
Conductors and parts of electric equipment that have been de-energized but have not
been locked out or tagged in accordance with paragraph (b) of this section shall be
treated as energized parts, and paragraph (c) of this section applies to work on or near
them.

The truck bed was raised into the overhead power lines. Note: The
smoke is due to the tires burning as current travels over the tires and
into the ground. The driver died when he jumped from the truck and
contacted the ground.

This worker grabbed an energized
part, thinking the power was off.
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(2) Lockout and Tagging. While any employee is exposed to contact with parts of fixed
electric equipment or circuits which have been de-energized, the circuits energizing the
parts shall be locked out or tagged or both in accordance with the requirements of this
paragraph. The requirements shall be followed in the order in which they are presented
(i.e., paragraph (b)(2)(I) first, then paragraph (b)(2)(ii), etc.).

Note1: As used in this section, fixed equipment refers to equipment fastened in place or
connected by permanent wiring methods.
Note 2: Lockout and tagging procedures that comply with paragraphs (c) through (f) of
§1910.147 will also be deemed to comply with paragraph (b)(2) of this section provided
that: (1) The procedures address the electrical safety hazards covered by this Subpart; and
(2) The procedures also incorporate the requirements of paragraphs (b)(2)(iii)(D) and
(b)(2)(iv)(B) of this section.

1910.147 The Control Of Hazardous Energy
(Note: complete standard is available online at www.OSHA.gov)

(c)(2) Lockout/tagout.

(c)(2)(i) If an energy isolating device is not capable of being locked out, the employer's
energy control program under paragraph (c)(1) of this section shall utilize a tagout
system.

General - (c)(1)

Energy control program. The
employer shall establish a program
consisting of energy control
procedures, employee training and
periodic inspections to ensure that
before any employee performs any
servicing or maintenance on a
machine or equipment where the
unexpected energizing, startup or
release of stored energy could occur
and cause injury, the machine or
equipment shall be isolated from the
energy source and rendered
inoperative.
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(c)(2)(ii) If an energy isolating device is capable of being locked out, the employer's
energy control program under paragraph (c)(1) of this section shall utilize lockout, unless
the employer can demonstrate that the utilization of a tagout system will provide full
employee protection as set forth in paragraph (c)(3) of this section.

(c)(2)(iii) After January 2, 1990, whenever replacement or major repair, renovation or
modification of a machine or equipment is performed, and whenever new machines or
equipment are installed, energy isolating devices for such machine or equipment shall be
designed to accept a lockout device.

(c)(3) Full employee protection.

(c)(3)(i) When a tagout device is used on an energy isolating device which is capable of
being locked out, the tagout device shall be attached at the same location that the lockout
device would have been attached, and the employer shall demonstrate that the tagout
program will provide a level of safety equivalent to that obtained by using a lockout
program.

(c)(3)(ii) In demonstrating that a level of safety is achieved in the tagout program which
is equivalent to the level of safety obtained by using a lockout program, the employer
shall demonstrate full compliance with all tagout-related provisions of this standard
together with such additional elements as are necessary to provide the equivalent safety
available from the use of a lockout device. Additional means to be considered as part of
the demonstration of full employee protection shall include the implementation of
additional safety measures such as the removal of an isolating circuit element, blocking
of a controlling switch, opening of an extra disconnecting device, or the removal of a
valve handle to reduce the likelihood of inadvertent energization.

(c)(4) Energy control procedure.

(c)(4)(i) Procedures shall be developed, documented and utilized for
the control of potentially hazardous energy when employees are
engaged in the activities covered by this section.

Note: Exception: The employer need not document the required
procedure for a particular machine or equipment, when all of the
following elements exist: (1) The machine or equipment has no potential
for stored or residual energy or re-accumulation of stored energy after
shut down which could endanger employees; (2) the machine or
equipment has a single energy source which can be readily identified and isolated; (3) the
isolation and locking out of that energy source will completely de-energize and deactivate
the machine or equipment; (4) the machine or equipment is isolated from that energy
source and locked out during servicing or maintenance; (5) a single lockout device will
achieve a locker-out condition; (6) the lockout device is under the exclusive control of the
authorized employee performing the servicing or maintenance; (7) the servicing or
maintenance does not create hazards for other employees; and (8) the employer, in
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utilizing this exception, has had no accidents involving the unexpected activation or
re-energization of the machine or equipment during servicing or maintenance.

(c)(4)(ii) The procedures shall clearly and specifically outline the scope, purpose,
authorization, rules, and techniques to be utilized for the control of hazardous energy, and
the means to enforce compliance including, but not limited to, the following:

(c)(4)(ii)(A) A specific statement of the intended use of the procedure;

(c)(4)(ii)(B) Specific procedural steps for shutting down, isolating, blocking and securing
machines or equipment to control hazardous energy;

(c)(4)(ii)(C) Specific procedural steps for the placement, removal and transfer of lockout
devices or tagout devices and the responsibility for them; and

(c)(4)(ii)(D) Specific requirements for testing a machine or equipment to determine and
verify the effectiveness of lockout devices, tagout devices, and other energy control
measures.

(c)(5) Protective materials and hardware.

(c)(5)(i) Locks, tags, chains, wedges, key blocks, adapter pins, self-
locking fasteners, or other hardware shall be provided by the
employer for isolating, securing or blocking of machines or
equipment from energy sources.

(c)(5)(ii) Lockout devices and tagout devices shall be singularly
identified; shall be the only devices(s) used for controlling energy;

shall not be used for other purposes; and shall meet the following requirements:

(c)(5)(ii)(A) Durable.

(c)(5)(ii)(A)(1) Lockout and tagout devices shall be capable of withstanding the
environment to which they are exposed for the maximum period of time that exposure is
expected.

(c)(5)(ii)(A)(2) Tagout devices shall be constructed and printed so that exposure to
weather conditions or wet and damp locations will not cause the tag to deteriorate or the
message on the tag to become illegible.

(c)(5)(ii)(A)(3) Tags shall not deteriorate when used in corrosive environments such as
areas where acid and alkali chemicals are handled and stored.
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(c)(5)(ii)(B) Standardized. Lockout and tagout devices shall be standardized within the
facility in at least one of the following criteria: Color; shape; or size; and additionally, in
the case of tagout devices, print and format shall be standardized.

(c)(5)(ii)(C) Substantial -

(c)(5)(ii)(C)(1) Lockout devices. Lockout devices shall be substantial enough to prevent
removal without the use of excessive force or unusual techniques, such as with the use of
bolt cutters or other metal cutting tools.

(c)(5)(ii)(C)(2) Tagout devices. Tagout devices, including their means
of attachment, shall be substantial enough to prevent inadvertent or
accidental removal. Tagout device attachment means shall be of a non-
reusable type, attachable by hand, self-locking, and non-releasable with
a minimum unlocking strength of no less than 50 pounds and having the
general design and basic characteristics of being at least equivalent to a
one-piece, all environment-tolerant nylon cable tie.

(c)(5)(ii)(D) Identifiable. Lockout devices and tagout devices shall
indicate the identity of the employee applying the device(s).

(c)(5)(iii) Tagout devices shall warn against hazardous conditions if the
machine or equipment is energized and shall include a legend such as
the following: Do Not Start. Do Not Open. Do Not Close. Do Not Energize. Do Not
Operate.

(c)(7)Training and communication.

(c)(7)(i) The employer shall provide training to ensure that the purpose and function of
the energy control program are understood by employees and that the knowledge and
skills required for the safe application, usage, and removal of the energy controls are
acquired by employees. The training shall include the following:

(c)(7)(i)(A) Each authorized employee shall receive training in the recognition of
applicable hazardous energy sources, the type and magnitude of the energy available in
the workplace, and the methods and means necessary for energy isolation and control.

(c)(7)(i)(B) Each affected employee shall be instructed in the purpose and use of the
energy control procedure.

(c)(7)(i)(C) All other employees whose work operations are or may be in an area where
energy control procedures may be utilized, shall be instructed about the procedure, and
about the prohibition relating to attempts to restart or reenergize machines or equipment
which are locked out or tagged out.
(c)(7)(iii) Employee retraining.

Bob LoMastro
Electrical
Maintenance Dept
10-22-01
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(c)(7)(iii)(A) Retraining shall be provided for all authorized and affected employees
whenever there is a change in their job assignments, a change in machines, equipment or
processes that present a new hazard, or when there is a change in the energy control
procedures.

(c)(7)(iii)(B) Additional retraining shall also be conducted whenever a periodic
inspection under paragraph (c)(6) of this section reveals, or whenever the employer has
reason to believe that there are deviations from or inadequacies in the employee's
knowledge or use of the energy control procedures.

(c)(7)(iii)(C) The retraining shall reestablish employee proficiency and introduce new or
revised control methods and procedures, as necessary.

(c)(7)(iv) The employer shall certify that employee training has been accomplished and is
being kept up to date. The certification shall contain each employee's name and dates of
training.

(c)(8) Energy isolation. Lockout or tagout shall be performed only by the authorized
employees who are performing the servicing or maintenance.

(c)(9) Notification of employees. Affected employees shall be notified by the employer
or authorized employee of the application and removal of lockout devices or tagout
devices. Notification shall be given before the controls are applied, and after they are
removed from the machine or equipment.

(d) Application of control. The established procedures for the application of energy
control (the lockout or tagout procedures) shall cover the following elements and actions
and shall be done in the following sequence:

(d)(1) Preparation for shutdown. Before an authorized or affected employee turns off a
machine or equipment, the authorized employee shall have knowledge of the type and
magnitude of the energy, the hazards of the energy to be controlled, and the method or
means to control the energy.

(d)(2) Machine or equipment shutdown. The machine or equipment shall be turned off
or shut down using the procedures established for the machine or equipment. An orderly
shutdown must be utilized to avoid any additional or increased hazard(s) to employees as
a result of the equipment stoppage.

(d)(3) Machine or equipment isolation. All energy isolating devices that are needed to
control the energy to the machine or equipment shall be physically located and operated
in such a manner as to isolate the machine or equipment from the energy source(s).
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(d)(4) Lockout or tagout device application.

(d)(4)(i) Lockout or tagout devices shall be
affixed to each energy isolating device by
authorized employees.

(d)(4)(ii) Lockout devices, where used, shall
be affixed in a manner to that will hold the
energy isolating devices in a "safe" or "off"
position.

(d)(4)(iii) Tagout devices, where used, shall
be affixed in such a manner as will clearly
indicate that the operation or movement of
energy isolating devices from the "safe" or "off" position is prohibited.

(d)(4)(iii)(A) Where tagout devices are used with energy isolating devices designed with
the capability of being locked, the tag attachment shall be fastened at the same point at
which the lock would have been attached.

(d)(4)(iii)(B) Where a tag cannot be affixed directly to the energy isolating device, the
tag shall be located as close as safely possible to the device, in a position that will be
immediately obvious to anyone attempting to operate the device.

(d)(5) Stored energy.

(d)(5)(i) Following the application of lockout or tagout devices to energy isolating
devices, all potentially hazardous stored or residual energy shall be relieved,
disconnected, restrained, and otherwise rendered safe.

(d)(5)(ii) If there is a possibility of re-accumulation of stored
energy to a hazardous level, verification of isolation shall be
continued until the servicing or maintenance is completed, or
until the possibility of such accumulation no longer exists.

(d)(6) Verification of isolation. Prior to starting work on
machines or equipment that have been locked out or tagged
out, the authorized employee shall verify that isolation and de-
energization of the machine or equipment have been
accomplished.

(e) Release from lockout or tagout. Before lockout or tagout
devices are removed and energy is restored to the machine or
equipment, procedures shall be followed and actions taken by the authorized employee(s)
to ensure the following:
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(e)(1) The machine or equipment. The work area shall be inspected to ensure that
nonessential items have been removed and to ensure that machine or equipment
components are operationally intact.

(e)(2) Employees.

(e)(2)(i) The work area shall be checked to ensure that all employees have been safely
positioned or removed.

(e)(2)(ii) After lockout or tagout devices have been removed and before a machine or
equipment is started, affected employees shall be notified that the lockout or tagout
device(s) have been removed.

(e)(3) Lockout or tagout devices removal. Each lockout or tagout device
shall be removed from each energy isolating device by the employee who
applied the device. Exception to paragraph (e)(3): When the authorized
employee who applied the lockout or tagout device is not available to
remove it, that device may be removed under the direction of the employer,
provided that specific procedures and training for such removal have been
developed, documented and incorporated into the employer's energy control
program. The employer shall demonstrate that the specific procedure
provides equivalent safety to the removal of the device by the authorized
employee who applied it. The specific procedure shall include at least the
following elements:

(e)(3)(i) Verification by the employer that the authorized employee who applied the
device is not at the facility:

(e)(3)(ii) Making all reasonable efforts to contact the authorized employee to inform
him/her that his/her lockout or tagout device has been removed; and

(e)(3)(iii) Ensuring that the authorized employee has this knowledge before he/she
resumes work at that facility.

(f) Additional requirements.

(f)(1) Testing or positioning of machines, equipment or components thereof. In
situations in which lockout or tagout devices must be temporarily removed from the
energy isolating device and the machine or equipment energized to test or position the
machine, equipment or component thereof, the following sequence of actions shall be
followed:

(f)(1)(i) Clear the machine or equipment of tools and materials in accordance with
paragraph (e)(1) of this section;
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(f)(1)(ii) Remove employees from the machine or equipment area in accordance with
paragraph (e)(2) of this section;

(f)(1)(iii) Remove the lockout or tagout devices as specified in paragraph (e)(3) of this
section;

(f)(1)(iv) Energize and proceed with testing or positioning;

(f)(1)(v) De-energize all systems and reapply energy control measures in accordance with
paragraph (d) of this section to continue the servicing and/or maintenance.

(f)(2) Outside personnel (contractors, etc.).

(f)(2)(i) Whenever outside servicing personnel are to be engaged in activities covered by
the scope and application of this standard, the on-site employer and the outside employer
shall inform each other of their respective lockout or tagout procedures.

(f)(2)(ii) The on-site employer shall ensure that his/her employees understand and
comply with the restrictions and prohibitions of the outside employer's energy control
program.
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Electrical Risk Assessment

Before any task begins a hazard analysis should be conducted. On some projects this could take less than
a couple of minutes. On other jobs this might require a more intensive process. The word “safe” has
special meaning in electrical assessments.

Arc Blast

Falls & Fires

ELectrocution & explosions

Shock
Whether the source is dynamic current or static electricity, the
end result can be serious injury or death. Are there any
exposures that may present a risk? Overhead power lines
require a minimum 10 feet of clearance from all equipment &
materials. When inside electrical services are open or exposed
a minimum of 31/2 feet of clearance should be maintained.

Arc blasts may not occur everyday, but when one happens
they are usually really nasty. An arc blast occurs when a
conductive material overheats and vaporizes. This may
occur when throwing a breaker or disconnect, or when
something contacts 2 or more phases at once.

Static electricity is a main cause of electrical fires and
explosions. Keep in mind the word electrocution means
“death by electrical current”. Most of those who survive
serious electrical injuries are so disfigured and suffer such
extreme pain they wish they hadn’t survived.
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Hazard Assessments

The first step in hazard assessment begins with knowing your company safety policies.
These policies should be developed with a knowledge of the OSHA and other pertinent
regulations, knowledge of the industry standards and practices, and experience in the
field. If your company policies don’t provide the answers you need, there are numerous
resources for electrical hazards. The NFPA 70E Safe Electrical Work Practices is a
valuable tool. Your safety department should have a copy of this manual and other
resources .

Never depend on others to provide for your safety. It is your
responsibility to assure all the safety requirement have been met
before you expose yourself to the danger!

Note how close the
dump truck is to
the power lines.

If the truck contacts
the power line, all of
these workers could
be seriously injured
or killed.

There may be times when someone tells you it’s ok and you know it is not.
This is when you’re responsible to be knowledgeable about the hazard and
be firm in your commitment to perform safely. If in doubt, check it out!



Meet Alex…

Alex was a maintenance worker with over 15 years
in the trade. He was asked to drill 2 holes in the
handrail and install a sign. Before Alex even began
to drill the holes, he was electrocuted.

Your job is to figure out how it happened, determine
the root causes and establish new company policies
to prevent it from happening again.

Step 1 Develop a list of questions that will help you to
establish how the electrocution occurred. The instructor
will act as a witness to answer your questions.

Step 2 What root causes allowed this accident to happen?

Step 3 What policies should be in place to prevent future incidents of this kind? Be specific!
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The Neutral Bar
In the service entry panel neutral
and ground are bonded together.
This creates a flow of current
through the system and back to
the panel. In the event of a short
circuit, the ground wire will pull a
significant amount of current
through the system. This excess
draw of current allows the circuit
breaker to function rapidly.



Wiring Pattern of a Basic Receptacle

Hot lead
Black, Red, Blue…wire
Brass colored screw

Silver colored screw

Green colored screw

Bonded Neutral
White or gray wire

Ground
Green or bare wire

Yoke

Yoke

Never connect the ground and neutral wires together at any point other than the service entry panel.
When the ground and neutral are connected at the receptacle it is called a bootleg. This is a dangerous
condition which can result in energizing the grounded case of the equipment. Do not defeat polarity
plugs, the purpose of polarity plugs is to maintain the proper wiring pattern through the attached
equipment. The narrow blade is the hot wire, and it is pathed through the switch. The wide blade is
neutral and it is connected to the back end of the motor or load. The round or half round pin is the
ground. It’s purpose is to path stray current into the earth.
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Grounding and Bonding

• Bonding means the permanent joining of metallic parts to form an electrically conductive path that
will ensure electrical continuity and the capacity to conduct safely any current likely to be imposed.

• Grounding means to connect an electrical circuit to the earth. This is done at several locations
throughout the distribution system, and at the service entrance panel.

The entire electrical system must be grounded.
Periodic inspections are necessary to assure
ground systems are functional.

Check grounds at the service entrance and for each
Branch circuit. Equipment and cords must be
checked to assure ground quality.

When overhead lines are de-energized, the power
company must ground out the service conductors
to assure that power isn’t accidentally turn back
on.

All materials have an electrical potential. When 2 materials with
different electrical potentials are brought together, the electrical
potential equalizes. This can produce a spark.

When flammable materials are transferred between conductive
containers, they must be bonded together with an approved bonding
strap or system. This prevents sparks from igniting the vapors.

Within a building, all the major metallic materials are bonded
together. For example, the metal gas pipes are bonded to the
electrical conduit and water pipes. Metallic ducts are also bonded to
these materials. This prevents sparks from developing between them.

Gas

Gas



Bonding/Grounding helps protect buildings from
lightning strikes and allows over current protection

to function quickly.

•There are several sections of the NEC that address bonding and grounding. Start with this:

250-4 (A) Grounded Systems.
(1) Electrical System Grounding. Electrical systems that are grounded shall be connected to earth in a
manner that will limit the voltage imposed by lightning, line surges, or unintentional contact with
higher-voltage lines and that will stabilize the voltage to earth during normal operation.

Informational Note: An important consideration for limiting the imposed voltage is the routing of bonding and
grounding electrode conductors so that they are not any longer than necessary to complete the connection without
disturbing the permanent parts of the installation and so that unnecessary bends and loops are avoided.

(2) Grounding of Electrical Equipment. Normally non–current-carrying conductive materials
enclosing electrical conductors or equipment, or forming part of such equipment, shall be connected to
earth so as to limit the voltage to ground on these materials.
(3) Bonding of Electrical Equipment. Normally non–current-carrying conductive materials enclosing
electrical conductors or equipment, or forming part of such equipment, shall be connected together and
to the electrical supply source in a manner that establishes an effective ground-fault current path.
(4) Bonding of Electrically Conductive Materials and Other Equipment. Normally non–current-
carrying electrically conductive materials that are likely to become energized shall be connected
together and to the electrical supply source in a manner that establishes an effective ground-fault
current path.
(5) Effective Ground-Fault Current Path. Electrical equipment and wiring and other electrically
conductive material likely to become energized shall be installed in a manner that creates a low-
impedance circuit facilitating the operation of the overcurrent device or ground detector for high-
impedance grounded systems. It shall be capable of safely carrying the maximum ground-fault current
likely to be imposed on it from any point on the wiring system where a ground fault may occur to the
electrical supply source. The earth shall not be considered as an effective ground-fault current path.
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Overcurrent protection

What is the purpose of fuses and breakers? Will overcurrent protect you?

They are designed for equipment protection and fire prevention due to overloads and short circuits.
Not protect humans!

Always make sure your equipment is grounded!
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Lockout/ Tagout
Or

Lock Tag & Try

•Before any inspections or repairs are made, the current must be turned off at
the switch box and the switch padlocked in the OFF position (locked)
•At the same time, the switch or controls must be securely tagged to show
which equipment or circuits are being worked on (tag)
•Test circuit to assure all power sources are de-energized (try)

For complete Lo/To program refer to:
OSHA 1910.147 Control of Hazardous Energy (located at the end of Chapter
1 of this program)

Basic Lock out/ Tag out Procedure

•Notify everyone affected
•Turn of equipment
•Identify power source(s) & de-energize
•Apply lock(s) & tag(s) to identify worker(s)
–One for each worker involved

•Verify power is de-energized
•Perform work
•Notify everyone of return to service
•Verify safe conditions for restart
•Verify equipment is in “off” position
•Each worker removes their own lock & tag
•Re-energize & test equipment

•While we all have to work together, a good rule to follow is to trust nobody!
••Lock it out & check it out yourself !
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Left hand rule for Disconnects

When operating a disconnect, always stand to the side of the
switching device. Extend your arm and turn your face away
from the switch as you operate it. This will protect you if the
switch does arc blast. Once again, these arc blasts don’t
happen often, but when the happen they are nasty.
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GFCI

•GFCI stands for:
Ground
Fault
Circuit
Interrupter

The device is designed to protect life not equipment.

A GFCI detects the amount of current provided by the hot lead, and compares it to the current returning on the
neutral lead. If any current has been lost (4-6 ma) the GFCI opens and stops the flow of current. This operation
takes place in about 1/5th of a second. GFCI’s are necessary on all services in potentially wet locations and
temporary services.
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Protective Triangle

Current
• Cordless tools

• Lockout/tagout

• Pneumatic tools

• Grounding/ bonding

PATH • Stay away

• Training

• Safe Work Practices

• PPE

• Buried/Underground

• Elevation

• In a room

TIME

When you have identified the hazards present, you can select the correct protection. Using the
Protective Triangle, select one or more sides to provide protection.

One of the best ways to learn is from

other people’s experience.

It cost you nothing because they already paid the price.

Based on past accidents, OSHA has established standards to

protect workers. Follow the safe procedures!


