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Construction Focus Four: Electrocution Hazards

TRAINER PREPARATION GUIDANCE

The “Construction Focus Four: Electrocution Hazards” lesson is part of the 4-hour block consisting of
segments on each of the Focus Four Hazards: Falls, Caught-In or -Between, Struck-By and Electrocution.
Because most construction fatalities are caused by fall hazards, falls must be covered for at least one
hour, and we recommend at least one hour and 15 minutes. The other focus four hazards lessons, such
as this one, must be covered for a minimum of one-half hour each. This training is developed to be used
in both the 10- and 30-hour OSHA Outreach Training programs and if applicable, for other safety and
health training purposes.

Using the Instructor Guide (IG): The IG consists of instructions for trainer preparation, resources, a
lesson plan, references, and Appendices. The IG contains content, activities and notes for the instructor.
It is not intended to be a script that is read verbatim to the students. Rather, instructors should
review the entire guide (including referenced materials and internet links) prior to conducting
training, and use it as aresource in their planning and presentation.

The learning objectives and testing: The “Construction Focus Four: Electrocution Hazards” lesson
segment was developed based on the terminal (TO) and enabling objectives (EO) below. These
objectives are the expected student outcomes; therefore, 1) the instructor may not vary from these
objectives when planning the training session; and 2) the objectives must be measured by testing the
student’s achievement. A test is provided in Appendix A; however, the trainer may develop a modified set
of test questions to meet the needs of the audience as well as to measure the student’s achievement of
the stated objectives.
TO: Given current OSHA and industry information regarding construction worksite ilinesses, injuries
and/or fatalities, the student will be able to recognize electrocution hazards in construction.
Specifically, the student will be able to:
EO 1: Identify major electrocution hazards
EO 2: Describe types of electrocution hazards
EO 3: Protect him/herself from electrocution hazards
EO 4: Recognize employer requirements to protect workers from electrocution hazards

Using the Slide Presentation: The Microsoft PowerPoint® 2003 presentation file consists of electrocution
hazard recognition photos which the trainer may use as an activity during the session. The presentation
format is one slide asking if students recognize any hazards followed by a slide displaying the same
photo containing the answer. The instructor may add additional slides to the presentation based on the
lesson content or use their own slides, if appropriate to the lesson content.

Appendices: Provided in the Appendices are the instructor and student copies of the lesson test, lesson
activity documents along with student handouts. Refer to the Table of Contents for details.

Media and/or Teaching Methods: This lesson is one of four segments covering the construction focus
four hazards. It has been set up as a facilitated, interactive training session. Students are given small
“chunks” of information, and then are able to practice their understanding of the subject matter via
activities and workshops. There is a lesson test provided for each focus four segment.

Ideal Setting or Conditions for the Training Session: The ideal setting is a classroom or other area
where students have space to break into groups.

Disclaimer: This Compliance Assistance product is not a standard or regulation, and it creates no new
legal obligations. The Compliance Assistance product is advisory in nature, informational in content, and is
intended to assist employers in providing a safe and healthful workplace. Pursuant to the Occupational
Safety and Health Act, employers must comply with safety and health standards promulgated by OSHA or
by a State with an OSHA-approved State Plan. In addition, pursuant to Section 5(a)(1), the General Duty
Clause of the Act, employers must provide their employees with a workplace free from recognized hazards
likely to cause death or serious physical harm. Employers can be cited for violating the General Duty
Clause if there is a recognized hazard and they do not take reasonable steps to prevent or to abate the
hazard. However, failure to implement these recommendations is not, in itself, a violation of the General
Duty Clause. Citations can only be based on standards, regulations, and the General Duty Clause.
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Online Resources

California Department of Public Health:
http://www.cdph.ca.gov/programs/ohb-face/Pages/Publications.aspx

Construction Chart Book, Fourth Edition:
http://www.cpwr.com/rp-chartbook.html
http://www.elcosh.org/en/document/54/d000038/the-construction-chart-book-4th-edition.html

Construction Safety:
http://www.cdc.gov/niosh/topics/constructionsafety/

Controlling Electrical Hazards: http://www.osha.gov/Publications/osha3075.pdf

Electrical Safety: http://www.cdc.qgov/niosh/topics/electrical/

Electrical Safety eTool:
http://www.osha.gov/SLTC/etools/construction/electrical incidents/mainpage.html

Electrical Safety and Health Topics: http://www.osha.gov/SLTC/electrical/index.html

Electrical Safety Tips OSHA quick Card:
http://www.osha.gov/OshDoc/data Hurricane Facts/electrical safety.pdf

Electrical Safety: Safety and Health for Electrical Trades Student Manual:
http://www.cdc.gov/niosh/docs/2009-113/default.html

Electrocutions During Work with Scaffolds Near Overhead Power Lines:
http://www.cdc.gov/niosh/91-110.html

Fatality Assessment and Control Evaluation (FACE) Program:
http://www.cdc.gov/niosh/face/

NFPA 70E: Standard for Electrical Safety in the Workplace®
http://www.nfpa.org/aboutthecodes/AboutTheCodes.asp?DocNum=70E

NIOSH Electrical Safety Manual: http://www.cdc.gov/niosh/docs/2009-113/

NIOSH Face Reports: http://www.cdc.gov/niosh/face/stateface.html

Portable Generator Safety Tips OSHA Quick Card:
http://www.osha.gov/OshDoc/data Hurricane Facts/portable generators.pdf

Preventing Fatalities of Workers Who Contact Electrical Energy: http://www.cdc.gov/niosh/87-103.html

Preventing Electrocutions Due to Damaged Receptacles and Connectors: http://www.cdc.gov/niosh/87-
100.html

Using Portable Generators Safely. OSHA Fact Sheet:
http://www.osha.gov/OshDoc/data Hurricane Facts/portable generator safety.pdf

Working Safely with Electricity. OSHA Fact Sheet:
http://www.osha.gov/OshDoc/data Hurricane Facts/elect safety.pdf
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m Overview

ks

The purpose of this lesson is to provide workers with information that will
enable them to recognize major electrocution hazards at construction

worksites. This Instructor Guide (IG) is intended to be used when presenting
the OSHA Training Institute Construction Outreach 10- and/or 30- hour course.

The lesson is comprised of the following four topics:

N

What is an electrocution hazard?
What are the major types of electrocution hazards in construction?
How can | protect myself from electrocution hazards?

What is my employer required to do to protect workers from

electrocution?

Materials Needed:

——

=

» Flip chart and markers

= Presentation slides

= Student handouts

= Student copies of
planned activities

= Copy of the OSHA
Construction Standards

» Questions for Review &
Answers

= |f activity files are used
for hazard recognition,
copy
PPTinstrHazRecAlt_Elec
tr_April2011.pdf and
PPTstudentHazRecAlt E
lectr_April2011.pdf

Training
Preparation:

= Helpful
References/Online
Resources listed in this
document

= OSHA Construction
Standards

= Appendix A: Test
Questions [instructor
and student copies]

= Appendix B: Activity
Options A and B
[instructor and student
copies]

= Appendix C: Fatal
Facts Worksheets
[instructor and student
copies]

= Appendix D: Student

Handouts

Student
Handouts:

“Construction Focus
Four: Electrocution,
Safety Tips for
Workers” tri-fold
brochure format
Focus Four Toolbox
Talks 1,2, and 3
produced by IUOE
National Training
Fund under OSHA
grant number SH-
16591-07-06-F-11
OSHA Quick Card™
“Electrical Safety”

04/2011
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Construction Focus Four: Electrocution Hazards

Instruction for this session:

1.

Ask the class if they can give an example of an

electrical hazard on a construction site that

could cause a worker to be electrocuted.

Discuss the examples with the class. Be sure

that examples of the most common electrical

hazards are covered such as, contact with

power lines, faulty extension cords, improper

grounding of equipment, etc.

Discuss the content.

Show photos of electrocution hazards and have

the class identify the hazards shown.

If time permits, conduct one of the following

small group activities:

e Option A: Wet Conditions / Ground Fault
Circuit Interrupters

¢ Option B: Extension Cords, Copper and
Current

Conduct the lesson test and discuss answers

with the students

1: What is an electrocution hazard?
Definition
Examples
Statistics

Content for Topic 1:

A. Definition

Electrocution results when a person is exposed to a
lethal amount of electrical energy.

An electrical hazard can be defined as a serious
workplace hazard that exposes workers to the
following:

Burns
Electrocution
Shock

Arc Flash/Arc Blast
Fire

Explosions

NOTES:

Refer to “Condensed Electrical
Glossary” section of the
Construction Focus Four:
Electrocution tri-fold handout
[Appendix D]

Preview photos in “Hazard
Recognition” PowerPoint
presentation. As an alternative,
trainers can use their own photos
in the hazard recognition
presentation. If the presentation is
used as provided, the trainer can
use the activity files provided to
add interactivity by having the
students involved in note taking.
To conduct the activity, locate and
print the PDF files titled:
PPTinstrHazRecAlt_Electr_April20
11.pdf and
PPTstudentHazRecAlt_Electr_Apri
12011.pdf

Option A and Option B scenarios
and student worksheets are found
in Appendix B

Locate instructor and student
copies of test in Appendix A.

Preview photos in “Hazard
Recognition” PowerPoint
presentation.

04/2011
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Therefore, BE SAFE by recognizing, avoiding and
protecting against all of these electrical hazards.
These BE SAFE terms are defined as:

B = Burns:

A burn is the most common shock-related injury.
Burns from electricity are one of three types:
Electrical, Arc/Flash or Thermal Contact.

E = Electrocution:

Electrocution is fatal; it means to kill with electricity.
Electrocution results when a human is exposed to a
lethal amount of electrical energy.

S = Shock:

Shock results when the body becomes part of the
electrical circuit; current enters the body at one point
and leaves at another. Electrical shock is defined as a
reflex response to the passage of electric current
through the body.

A = Arc Flash/Blast:

An arc flash is the sudden release of electrical energy
through the air when a high-voltage gap exists and
there is a breakdown between conductors. An arc
flash gives off thermal radiation (heat) and bright,
intense light that can cause burns. Temperatures have
been recorded as high as 35,000 °F. High-voltage
arcs can also produce considerable pressure waves
by rapidly heating the air and creating a blast.

F = Fire:

Most electrical distribution fires result from problems
with "fixed wiring" such as faulty electrical outlets and
old wiring. Problems with cords (such as extension
and appliance cords), plugs, receptacles, and
switches also cause electrical fires.

NOTES:

The types of burns from electricity

are further defined as:

» Electrical burns result from heat
generated by the flow of electric
current through the body

= Arc/Flash burns are high
temperature burns caused by
an electric arc or explosion

= Thermal contact burns occur
when skin comes in contact with
overheated electric equipment

An arc flash can be spontaneous
or result from inadvertently
bridging electrical contacts with a
conducting object. Other causes
may include dropped tools or the
buildup of conductive dust or
corrosion.

For more information on arc
flash/blast, including best practices
in electrical safety, refer to NFPA
70E: Standard for Electrical Safety
in the Workplace®online at:
htpp://www.nfpa.org

04/2011
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E = Explosions: NOTES:
An explosion can occur when electricity ignites an
explosive mixture of material in the air.

Note that although a) electricity is the source of these
hazards, and b) all of these hazards are of equal
importance, for this focus four module, this lesson
focuses on electrocution hazards.

B. Examples Provide examples of accidents
related to the type of work your

The foIIovylng are examp[es Qf electrocutions that have audience does. Locate accident
occurred in the construction industry: summaries on OSHA’s website.
Go to:
e Two workers were moving an aluminum ladder. http://Iwww.osha.gov/pls/imis/ac
One of them was electrocuted when the ladder cidentsearch.html
came in contact with overhead power lines. Within the keyword field, enter a

e A worker was raising a mast on a water well keyword to be searched against.
For example, to obtain accident

drilling truck when the mast came in contact with investigations involving

high voltage overhead lines, electrocuting the electrocutions, enter the key word
worker electrocuted. To view a list of key

words, use the keyword list at the
e Worker [victim] was electrocuted when the boom bottom of the Accident

of a rotary drilling truck contacted an overhead Investigation Search page.
power line. The victim and another worker had just
finished drilling a water well at a residential
property. The victim moved the truck away from
the well. The victim was standing at the controls,
lowering the boom and was thrown several feet
away from the truck.

o Worker was fatally injured when he was
electrocuted and fell to the concrete floor while
working from an 8' fiberglass step ladder. Worker
was changing an energized ballast on a two bulb
florescent light fixture, located approximately 11
6" off the ground.

e The worker was electrocuted while connecting a
replacement electrical service box to the electrical
service drop to the building.
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C. Statistics EOTtES: t ¢ statistical
T or the most current statistica
Data from the U.S. Bureau of Labor Statistics (BLS) data, or for more detail, see:

show that electrocution was the fourth leading cause http://www.bls.govl/iif/
of death in construction in 2005, after falls to a lower
level, transportation injuries, and being struck by
objects and equipment.

Electrocutions caused 9% of 1,243 construction
worker deaths, but accounted for less than 1% of
reported recordable nonfatal injuries in 2005.

For 2003-2005, the death rate from electrocutions for
the construction industry was 1.1 per 100,000 full-time
workers, for was an average of 121 electrocutions per
year. The highest rates of death from electrocution
were among electrical power installers and repairers
and earth drillers.

The construction occupations with the highest
average number of deaths per year due to
electrocution were electricians (29), construction
laborers (19), supervisors/managers (13), electrical
power installers and repairers (10).
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Topic 2. What are the major types of electrocution FN{OfTES:T box Talks #1 “Wh

: PR efer to Toolbox Talks at
hazards in cons.tructlon : | increases your risk of
A. Contact with overhead power lines electrocution?” handout [Appendix

B. Contact with energized sources (e.g., live parts, | Pl
damaged or bare wires, defective equipment or
tools)

C. Improper use of extension and flexible cords

Content for Topic 2
A. Contact with power lines
Major Hazards

Overhead and buried power lines are especially Voltages of overhead lines range
hazardous because they carry extremely high voltage. :;%:'t 1r§|(i)att(>)| e7 ag’;)?g ll’r? (I;[fv J]ge
Fatalities are possible as electrocution is the main risk; | voltage is to ask the utility
however, burns and falls from elevations are also company that owns the line.
hazards that workers are exposed to while working in
the vicinity of high voltage power lines. Workers may
not realize that cranes are not the only equipment that
reaches overhead power lines. Working on a ladder or
in a man-basket suspended under or near power lines

also poses a risk of electrocution.

Important to note: The covering on an overhead power
line is primarily for weather protection; therefore,
workers need to know that if they touch a power line,
covered or bare, death is probable.
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Classroom Exercise
Fatal Facts Accident Summaries

Discuss how these accidents could have been
prevented.

Two workers were installing aluminum siding on a
farmhouse when it became necessary to remove
a 36-foot high metal pole CB antenna. One
worker stood on a metal pick board between two
ladders and unfastened the antenna at the top of
the house. The other worker, who was standing
on the ground, took the antenna to lay it down in
the yard. The antenna made electrical contact
with a 7200-volt power transmission line 30 feet
10 inches from the house and 23 feet 9 inches
above the ground. The worker handling the
antenna received a fatal shock and the other
worker a minor shock.

A lineman was electrocuted while working on
grounded de-energized lines. He was working
from a defective basket on an articulated boom
aerial lift when the basket contacted energized
lines which ran beneath the de-energized lines.
The defective basket permitted current to pass
through a drain hole cut into the body of the
basket, then through the worker, and to ground
via the de-energized line.

Two workers were spreading concrete as it was
being delivered by a concrete pumper truck
boom. The truck was parked across the street
from the worksite. Overhead power lines ran
perpendicular to the boom on the pumper truck.
One worker was moving the hose (elephant
trunk) to pour the concrete when the boom of the
pumper truck came in contact with the overhead
rover line carrying 7,620 volts. One worker
received a fatal electric shock and fell on the
other worker who was assisting him. The second
worker received massive electrical shock and
burns.

04/2011

NOTES:

Distribute student worksheet, Fatal
Facts Accident Summary No. 11
[Appendix C]

Distribute student worksheet, Fatal
Facts Accident Summary No. 28
[Appendix C]

Distribute student worksheet, Fatal
Facts Accident Summary No. 49
[Appendix C]
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B. Contact with energized sources
Major hazards:

The major hazards regarding contact with energized
sources are electrical shock and burns. Electrical
shock occurs when the body becomes part of the
electric circuit, either when an individual comes in
contact with both wires of an electrical circuit, one wire
of an energized circuit and the ground, or a metallic
part that has become energized by contact with an
electrical conductor.

The severity and effects of an electrical shock depend
on a number of factors, such as the pathway through
the body, the amount of current, the length of time of
the exposure, and whether the skin is wet or dry.
Water is a great conductor of electricity, allowing
current to flow more easily in wet conditions and
through wet skin.

(1,000 milliamperes = 1 amp; therefore,
15,000 milliamperes = 15 amp circuit)

Current Reaction
Below 1 Generally not perceptible
milliampere
1 milliampere Faint tingle
5 milliampere Slight shock felt; not painful but

disturbing. Average individual can let
go. Strong involuntary reactions can
lead to other injuries.

6-25 milliamperes  [Painful shock, loss of muscular control
(women)

9-30 milliamperes  [The freezing current or "let-go" range.
(men) Individual cannot let go, but can be
thrown away from the circuit if extensor
muscles are stimulated.

50 150 mlliamperes [Extreme pain, respiratory arrest,
severe muscular contractions. Death is

NOTES:

Refer to “Effects of Electric Current
in the Human Body” section of the
Construction Focus Four:
Electrocution, Safety Tips for
Workers tri-fold handout [Appendix
D]

possible.
1,000 - 4,300 Rhythmic pumping action of the heart
milliamperes ceases. Muscular contraction and
nerve damage occur; death likely.
10,000 Cardiac arrest, severe burns; death
milliamperes probable
04/2011 Page 8
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Electrical burns can be arc burns, thermal contact NOTES:
burns, or a combination of burns. Electrical burns are
among the most serious burns and require immediate
medical attention. They occur when an electric current
flows through tissue or bone, generating heat that
causes tissue damage. The body cannot dissipate the
heat generated by current flowing through the
resistance of the tissue therefore, burns occur.

To further illustrate how easily a person can receive a
fatal shock, consider a voltage that is common to
every location in the United States, 120-volts. Under
average working conditions where the person is
perspiring and has a resistance of only 1000-ohms
from hand-to-hand, using the simple Ohm’s Law
formula (current equals the voltage divided by the
resistance) the current flow will be 0.12 amperes or
120 mA.

If the power supply to electrical equipment is not
grounded or the path has been broken, or if there are
live parts or bare wires, a fault current may travel
through a worker's body, causing electrical burns or
death. Even when the power system is properly
grounded, electrical equipment can instantly change
from safe to hazardous because of extreme conditions
and rough treatment.
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Classroom Exercise NOTES:
Working with Overhead Lamps

Distribute student worksheets,
Fatal Facts Accident Summary No.

Discuss the following accident and how it could 60 [Appendix C]
have been prevented.

The employee was attempting to correct an electrical
problem involving two non-operational lamps. He
proceeded to the area where he thought the problem
was. He had not shut off the power at the circuit
breaker panel nor had he tested the wires to see if
they were live. He was electrocuted when he grabbed
the two live wires with his left hand and then fell from
the ladder.

C. Improper use of extension and flexible cords

Major hazards: Refer to “General Rules for
Electrical Work” section of the

. . Construction Focus Four:
The normal wear and tear on extension and flexible Electrocution, Safety Tips for

cords can loosen or expose wires, creating a Workers tri-fold handout [Appendix
hazardous condition. Cords that are not 3-wire type, D]

not designed for hard-usage, or that have been
modified, increase the risk of contacting electrical
current. With the wide use of power tools on
construction sites, flexible extension cords are often
necessary.

Because they are exposed, flexible, and unsecured,
they are more susceptible to damage than fixed
wiring. Hazards are created when cords, cord
connectors, receptacles, and cord- and plug-
connected equipment are improperly used and
maintained.

To reduce hazards, flexible cords must connect to
devices and to fittings in ways that prevent tension at
joints and terminal screws. A flexible cord may be
damaged by door or window edges, staples and
fastenings, abrasion from adjacent materials, or simply
by aging. If the electrical conductors become exposed,
there is a danger of shocks, burns, or fire.
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When a cord connector is wet, electric current can NOTES:
leak to the equipment grounding conductor, and to
anyone who picks up that connector if they provide a
path to ground. Such leakage can occur not just on
the face of the connector, but at any wetted portion.

Classroom Exercise
1) Ground Pin Missing on Cord’s Plug or
2) Electrical Equipment In Poor Condition

v, I
Discuss one of the following accidents and how it

could have been prevented.
Source:

) o , https://www.osha.gov/SLTC/etools/
OPTION 1) Ground Pin Missing on Cord’s Plug construction/electrical_incidents/fat

A fan connected to a 120-volt electrical system via an | exground.html
extension cord provided ventilation for a worker
performing a chipping operation from an aluminum
stepladder. The insulation on the extension cord was
worn through and exposed the bare, energized
conductor made contact with the ladder. The ground
wire was not attached on the male end of the cord's
plug. When the energized conductor made contact
with the ladder, the path to ground included the
worker's body, resulting in death.
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OPTION 2) Electrical Equipment In Poor Condition | NOTES:
An 18-year-old worker at a construction site was
electrocuted when he touched a light fixture while
descending from a scaffold for his afternoon break.
The source of the electricity was apparently a short in
a receptacle, but examination revealed that the
electrical equipment used by the contractor was in
such poor condition that it was impossible to make a
certain determination of the source of the short.
Extension cords had poor splices, no grounds, and
reversed polarity. One hand drill was not grounded,
and the other had no safety plate. Out of several
possible scenarios, the most likely was contact
between the exposed wires of an extension cord and a
screw that protruded from the receptacle, which had
its face plate removed. The light fixture, which served
as a ground, was known to be faulty for at least 5
months before the incident.
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Topic 3. How can | protect myself from NOTES:
electrocution hazards?

A. Maintain a safe distance from overhead power
lines
Use ground-fault circuit interrupters (GFCI)
Inspect portable tools and extension cords
Use power tools and equipment as designed
Follow lockout/tagout procedures

moow

CONTENT for Topic 3:
A. Maintain safe distance from overhead power
lines

Staying away from power lines is the best option. The
following table shows the safe power line clearance

distance for various line voltages.

Power Line Clearance Distances

Table A — Minimum Clearance Distances Source: 29 CFR 1926.1408(h)
Voltage (nominal, kV, Minimum clearance distance Table A
alternating current) (feet)

Up to 50 10
Over 50 to 200 15
Over 200 to 350 20
Over 350 to 500 25
Over 500 to 750 35
Over 750 to 1000 45

(As established by the power
line owner/operator or
registered professional

engineer who is a qualified

Over 1000 .

person with respect to
electrical power
transmission and

distribution)

Following are preventive measures for workers to
consider:
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General
Before work begins, be sure that the:
e Equipment/activity is located within a safe
working distance from power lines
= Utility company has de-energized and visibly
grounded the power lines or installed insulated
sleeves on power lines
» Flagged warning lines have been installed to
mark horizontal and vertical power line clearance
distances
e Tools and materials used are nonconductive

Cranes and other high reaching equipment

Be sure the utility company has confirmed the voltage
and therefore the safe working distance from the
power lines. Also, if applicable and feasible, use a/an:
observer; insulated link; boom cage guard; proximity
device.

Mobile heavy equipment
If provided, use installed rider posts under power lines
to avoid working too close to the power lines.

Ladders
Use nonconductive ladders and be sure to retract
them before moving.

Material storage
e Ensure that no materials are stored under
power lines
e Use caution tape and signs to cordon off area
under power lines

Excavations
e Locate and know what the markings from the
local underground line locator service has
marked before digging
e Hand dig within three feet of cable location. Be
aware that more than one underground cable
may be buried in area of locator markings

NOTES:

Refer to the “General Rules for
Electrical Work” and “General
Rules for Construction Electrical

Safety” sections in the
Construction Focus Four:

Electrocution, Safety Tips for

Workers tri-fold handout

04/2011
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Classroom Exercise NOTES:
Boom crane truck close to a power line
Discuss the following accident and how it | Distribute student worksheet, Fatal

could have been prevented. Facts Accident Summary No. 17
[Appendix C]

Workers were moving a steel canopy structure using a
"boom crane" truck. The boom cable made contact
with a 7200 volt electrical power distribution line
electrocuting the operator of the crane; he was the
foreman at the site.

B. Use ground-fault circuit interrupters (GFCI)

A "GFCI" is a ground fault circuit interrupter that is
designed to protect people from severe and
sometimes fatal electrical shock. A GFCI detects
ground faults and interrupts the flow of electric current,
and is designed to protect the worker by limiting the
duration of an electrical shock.

A Classic Example of the GFCI at Work: An old drill
that has a loose bare wire inside it touching the outer
metal housing is being used. With the drill plugged in,
the housing is charged with electricity. If it used
outside in the rain and the worker is standing on the
ground, there is a path from the hot wire inside the drill
through the worker to ground. If electricity flows from
hot to ground through the worker, it could be fatal. The
GFCI can sense the current flowing through you
because not all of the current is flowing from hot to
neutral as it expects -- some of it is flowing through the
worker to the ground. As soon as the GFCI senses
that, it trips the circuit and cuts off the electricity.

There are three types of GFCI:

1. Receptacle GFCI: Often found on construction
work sites, outdoor areas and other locations
where damp conditions do or could exist. The
receptacle GFCI fits into the standard outlet box
and protects users against ground faults when an
electrical product is connected to the GFCI
protected outlet.
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These should be tested after installation and NOTES:

y remains “ON” when the “Test”

. . «—~_, | button is pushed, the GFCl is not
0 Plugin a test light or power tool and turn “On” | \orking properly or has been

0 Push the “Test” button on the receptacle; the | incorrectly installed (miswired). If
“Test” button should pop up and the power to | this is the case, a qualified
the light or tool should be “Off’ electrician (equivalent to qualified
« » electrician is a ‘licensed’, ‘certified’,
0 Push “Reset” to restore power to the outlet andlor registered’ electrician)
the test and is functioning properly; If the wire or replace the GFCI device.
GFClI failed the test, remove it from service

2. Temporary/portable GFCI: AP portable GFCl is
an extension cord combined with a GFCI. It adds
flexibility in using receptacles that are not
protected by GFCls. Extension cords with GFCI
protection incorporated should be used when
permanent protection is unavailable.

These should be tested prior to each and every
use by:

o Visually inspect device for obvious defects
and/or broken parts

o Plug in a test light/tool to the extension cord

0 Push “Reset” button on the GFCI device

0 Push “Test” button to verify no voltage at
outlet (e.g., the light or tool shuts off)

0 Push “Reset” button to verify power is
restored

3. Circuit Breaker GFCI: The GFCI circuit breaker | Circuit breaker GFCls should be
controls an entire circuit, and is installed as a tested monthly. Keep in mind that
replacement for a circuit breaker on the main the test will disconnect power to
circuit board. Rather than install multiple GFCI everything on the circuit.
outlets, one GFCI circuit breaker can protect the
entire circuit. At sites equipped with circuit
breakers, this type of GFCI might be installed in a
panel box to give protection to selected circuits.
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Classroom Exercise

No GFCI in use

Discuss the following accident and how it
could have been prevented.

A worker was climbing a metal ladder to hand an
electric drill to the journeyman installer on a scaffold
about five feet above him. When the victim reached
the third rung from the bottom of the ladder he
received an electric shock that killed him.

The investigation revealed that the extension cord had
a missing grounding prong and that a conductor on
the green grounding wire was making intermittent
contact with the energizing black wire thereby
energizing the entire length of the grounding wire and
the drill's frame. Also, the drill was not double
insulated.

C. Inspect portable tools and extension cords

Workers need to inspect extension cords prior to their
use for any cuts or abrasion. Extension cords may
have damaged insulation. Sometimes the insulation
inside an electrical tool or appliance is damaged.
When the insulation is damaged, exposed metal parts
may become energized if a live wire inside touches
them. Electric hand tools that are old, damaged, or
misused may have damaged insulation inside.

Flexible cords used with temporary and portable lights
shall be designed for hard or extra-hard usage. They
shall be marked with usage type designation size and
number of conductors. The cord could be marked with
a 14/3 meaning the conductor size (AWG) is 14 and
the number of conductors is 3.

04/2011

NOTES:

Distribute student worksheets,
Fatal Facts Accident Summary No.
57 [Appendix C]

Refer to Toolbox Talks handouts
[Appendix DJ:
¢ #2 “What protective devices and
procedures can you use to
prevent electrocution?” and
¢ #3 “How can we prevent
electrocutions while using
power tools?”

For more information on AWG,
refer to Factsheet B1 — Wire Size
and Ampacity [Appendix B].
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D. Use power tools and equipment as designed

Workers using power tools and equipment should
follow tool safety tips to avoid misusing equipment.

Tool safety tips

Never carry a tool by the cord

Never yank the cord to disconnect it

Keep cords away from heat, oil, and sharp edges
Disconnect when not in use and when changing
accessories such as blades and bits

Avoid accidental starting. Do not hold fingers on
the switch button while carrying a plugged-in tool
Use gloves and appropriate footwear

Store in dry a place when not using

Don’t use in wet/damp environments

Keep working areas well lit

Ensure that cords do not cause a tripping hazard
Remove damaged tools from use

Use double-insulated tools

Common examples of misused equipment

Using multi-receptacle boxes designed to be
mounted by fitting them with a power cord and
placing them on the floor.

Fabricating extension cords with ROMEX wire.
Using equipment outdoors that is labeled for use
only in dry, indoor locations.

Attaching ungrounded, two-prong adapter plugs
to three-prong cords and tools.

Using circuit breakers or fuses with the wrong
rating for over-current protection, e.g., using a 30-
amp breaker in a system with 15 or 20 amp
receptacles. Protection is lost because it will not
trip when the system’s load has been exceeded.
Using modified cords or tools, i.e., ground prongs
removed, face plates, insulation, etc.

Using cords or tools with worn insulation or
exposed wires.

Workers need to know that even when the power
system is properly grounded, electrical equipment can
instantly change from safe to hazardous because of
extreme conditions and rough treatment.

NOTES:
OSHA standards:

e Use only equipment that is
approved [29 CFR 1926.403(a)]

¢ Use all equipment according to
the manufacturer's instructions

[29 CFR 1926.403(b)(2)]

04/2011

Page 18



Construction Focus Four: Electrocution Hazards

E. Follow lockout/tagout procedures
Lockout/tagout is an essential safety procedure that
protects workers from injury while working on or near
electrical circuits and equipment. In addition,
lockout/tagout prevents contact with operating
equipment parts such as, blades, gears, shafts, etc.
Also, lockout/tagout prevents the unexpected release
of hazardous gases, fluids, or solid matter in areas
where workers are present.

To protect against being electrocuted, workers need to
follow lockout/tagout procedures. When performing
lockout/tagout on circuits and equipment, the following
checklist can be used:

= Identify all sources of electrical energy for the
equipment or circuits in question

» Disable backup energy sources such as
generators and batteries

« |dentify all shut-offs for each energy source

= Notify all personnel that equipment and circuitry
must be shut off, locked out, and tagged out
(Simply turning a switch off is not enough)

e Shut off energy sources and lock switch gear in
the OFF position. Each worker should apply
his/her individual lock and keys kept with the
worker

» Test equipment and circuitry to ensure they are
de-energized. This must be done by a qualified
person

« Deplete stored energy (for example, in
capacitors) by bleeding, blocking, grounding, etc.

« Apply a lock or tag to alert other workers that an
energy source or piece of equipment has been
locked or tagged out

= Make sure all workers are safe and accounted for
before equipment and circuits are unlocked and
turned back on. Only a qualified person may
determine when it is safe to re-energize circuits.

NOTES:

Source: NIOSH Electrical Safety
Manual [2009-113]:
http://www.cdc.gov/niosh/docs/2009
-113

OSHA 29 CFR 1926.449 defines
“qualified person” as: One familiar
with the construction and operation
of the equipment and the hazards
involved.

04/2011
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Only qualified persons may work on electric circuit NOTES:

parts or equipment that has not been deenergized.
Such persons must be capable of working safely on
energized circuits and must be familiar with the proper
use of special precautionary techniques, PPE,
insulating and shielding materials, and insulated tools.

Distribute student worksheet, Fatal
Facts Accident Summary No. 30

Classroom Exercise
Locking and tagging of circuits

Discuss the following accident and how it could

have been prevented.

An electrician was removing a metal fish tape from a
hole at the base of a metal light pole. (A fish tape is
used to pull wire through a conduit run.) The fish tape
became energized, electrocuting him.

Protecting workers from electrical hazards tips:

Recognize Hazards:
<Inadequate wiring
<Exposed electrical
parts
+Wires with bad
insulation
<-Ungrounded electrical
systems and tools
<-Overloaded circuits
<-Damaged power tools
and equipment
<-Using the wrong PPE
and tools
<Overhead power lines
<All hazards are made
worse in wet/damp
conditions

Page 20
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Follow Protective

Measures:

<Ensure proper
grounding of equipment

<+Use GFCl's

<Check fuses and circuit
breakers

<Guard live parts

<Use flexible cords
safely and properly

<Participate in training

<Inspect portable
electrical tools and
extension cords before
use

[Appendix C]

Refer to the “Electrical Safety
Overview” section in the
Construction Focus Four:
Electrocution, Safety Tips for
Workers tri-fold handout
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Topic 4. What is my employer required to do to
protect workers from electrocutions?

Ensure overhead power line safety

Isolate electrical parts

Supply ground-fault circuit Interrupters (GFCI)
Ensure proper grounding

Ensure power tools are maintained in a safe
condition

Ensure proper guarding

Provide training

Enforce a LOTO safety-related work practices
Ensure Proper Use of Flexible Cords

moowy

—zem

CONTENT for Topic 4:
A. Ensure overhead power line safety
Overhead power lines must be deenergized and

grounded by the owner or operator of the lines, or
other protective measures must be provided before
work is started such as PPE (rubber insulating gloves,
hoods, sleeves, matting, blankets, line hose, and
industrial protective helmets.) Protective measures
(such as guarding or insulating the lines) must be
designed to prevent contact with the lines.

There are three major ways employers should control
power line hazards:

1. Maintaining a safe distance from lines;

2. Having the power company de-energize and
ground the power line(s). Have a power
company representative at the site; and

3. Having the power company install insulated
sleeves (also known as “eels”) over power lines.

Employers should train workers regarding power line
hazards and about the available protective measures.
Workers need to be fully informed about what jobs
may have electrical hazards, and the measure(s) they
will take to control the hazards. Also, workers should
be reminded that they should always ask questions if
they have any doubts about maintaining safe working
conditions.

NOTES:

OSHA standards for contact with
power lines: 29 CFR 1926 Subpart
K, Electrical. 1926.416, General
requirements 1926.416(a),
Protection of employees

For power line safety regarding the
operation of cranes and derricks
refer to OSHA 29 CFR 1926
Subpart CC

04/2011
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B. Isolate electrical parts

» Electrical parts, conductors entering boxes,
cabinets, or fittings shall be protected from
abrasion, and openings through which
conductors enter and shall be effectively closed.
Unused openings in cabinets, boxes, and fittings
shall also be effectively closed.

= All pull boxes, junction boxes, and fittings shall be

provided with covers. Metal covers shall be
grounded. In energized installations each outlet
box shall have a cover, faceplate, or fixture
canopy. Covers of outlet boxes having holes
through which flexible cord pendants pass shall
be provided with bushings designed for the
purpose or shall have smooth, well-rounded
surfaces on which the cords may bear.

C. Supply GFCI

OSHA ground-fault protection rules and regulations
have been determined necessary and appropriate for
worker safety and health. Therefore, it is the
employer's responsibility to provide either:

(a) ground-fault circuit interrupters on construction
sites for receptacle outlets in use and not part of the
permanent wiring of the building or structure; or

(b) a scheduled and recorded assured equipment
grounding conductor program on construction sites,
covering all cord sets, receptacles which are not part
of the permanent wiring of the building or structure,
and equipment connected by cord and plug which are
available for use or used by workers.

Receptacles on the ends of extension cords must be
protected by GFCls. Also there are GFCI circuit
breakers. These protected circuit breakers are
installed in the main circuit board. It protects an entire
circuit.

NOTES:

For more information refer to
OSHA 29 CFR 1926.405

The requirements which employers
must meet, if they choose the
GFCI option, are stated in 29 CFR
1926.404(b)(1)(ii).

OSHA standards for lack of
ground-fault protection: 29 CFR
1926 Subpart K, Electrical. OSHA
Standard. 1926.404, Wiring and
design protection 1926.404(b)(1)(i)

The employer is required to
provide approved ground-fault
circuit interrupters for all 120-volt,
single-phase,15-and 20-ampere
receptacle outlets on construction
sites which are not a part of the
permanent wiring of the building or
structure and which are in use by
workers.

GFClIs monitor the current-to-the-
load for leakage to ground. When
this leakage exceeds 5 mA + 1
mA, the GFCl interrupts the
current. They are rated to trip
quickly enough to prevent
electrocution.

04/2011
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D. Establish and implement an assured equipment
grounding conductor program (AEGCP)

The assured equipment grounding conductor program
covers all cord sets, receptacles which are not a part
of the permanent wiring of the building or structure,
and equipment connected by cord and plug which are
available for use or used by employees. OSHA
requires that a written description of the employer's
assured equipment grounding conductor program,
including the specific procedures adopted, be kept at
the jobsite. This program should outline the employer's
specific procedures for the required equipment
inspections, tests, and test schedule.

The required tests must be recorded, and the record
maintained until replaced by a more current record.
The written program description and the recorded
tests must be made available, at the jobsite, to OSHA
and to any affected employee upon request. The
employer is required to designate one or more
competent persons to implement the program.

Electrical equipment noted in the assured equipment
grounding conductor program must be visually
inspected for damage or defects before each day's
use. Any damaged or defective equipment must not
be used by the employee until repaired.

Two tests are required by OSHA. One is a continuity
test to ensure that the equipment grounding conductor
is electrically continuous. It must be performed on all
cord sets, receptacles which are not part of the
permanent wiring of the building or structure, and on
cord- and plug-connected equipment which is required
to be grounded. This test may be performed using a
simple continuity tester, such as a lamp and battery, a
bell and battery, an ohmmeter, or a receptacle tester.

NOTES:

OSHA standards for path to
ground missing or discontinuous:
29 CFR 1926 Subpart K, Electrical.
OSHA Standard. 1926.404, Wiring
design and protection
1926.404(b)(1)(i), General

The requirements which the
program must meet are stated in
29 CFR 1926.404(b)(1)(iii), but
employers may provide additional
tests or procedures or provide
GFCls as noted previously.

29 CFR 1926.404(b)(1)(ii)(G):
Tests performed as required in this
paragraph shall be recorded. This
test record shall identify each
receptacle, cord set, and cord- and
plug-connected equipment that
passed the test and shall indicate
the last date it was tested or the
interval for which it was tested.
This record shall be kept by means
of logs, color coding, or other
effective means and shall be
maintained until replaced by a
more current record. The record
shall be made available on the
jobsite for inspection by the
Assistant Secretary and any
affected employee.

04/2011

Page 23



Construction Focus Four: Electrocution Hazards

E. Ensure power tools are maintained in safe
condition

The employer needs to ensure that all power tools and
equipment are maintained in a safe condition to:

Ground power supply systems, electrical circuits,
and electrical equipment

Frequently inspect electrical systems to insure
path to ground is continuous

Ensure workers understand to inspect electrical
equipment prior to use

Ensure ground prongs are not removed from
tools or extension cords

Ground exposed metal parts of equipment

F. Ensure proper guarding

Guarding involves locating or enclosing electrical
equipment to ensure workers do not accidentally
come into contact with its live parts

Effective guarding requires equipment with
exposed parts operating at 50 volts or more to be
placed where they are accessible only to
authorized people qualified to work with/on the
equipment

Recommended locations are a room, vault, or
similar enclosure; a balcony, gallery, or elevated
platform; or a site elevated 8 feet or more above
the floor. Sturdy, permanent screens can also
serve as effective guards

G. Provide training
Workers need be trained in and familiar with the

safety-related work practices that pertain to their
respective job assignments. Train workers working
with electric equipment in safe work practices to:

e Deenergize electric equipment before inspecting

or repairing

e Use cords, cables, and electric tools that are in

good repair
= Lockout / Tagout recognition and procedures
= Use appropriate protective equipment

04/2011

NOTES:

OSHA standards for equipment not
used in manner prescribed: 29
CFR 1926 Subpart K, Electrical.
OSHA Standard. 1926.403,
General requirements
1926.403(b)(2), Installation and
use 1926.951 and Subpart |

See OSHA standards 29 CFR
1926.403 (i), .403(j), and .405
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H. Enforce LOTO safety-related work practices NOTES:
See OSHA standards 29 CFR

_ _ 1926.416 and .417
= Controls that are to be deactivated during the

course of work on energized or de-energized
equipment or circuits shall be locked out, tagged
or both

= Equipment or circuits that are deenergized shall
be rendered inoperative and post tags attached
at all points where such equipment or circuits can
be energized

e Tags shall be placed to plainly identify the
equipment or circuits being worked on

= While any worker 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, tagged out or both

I. Ensure proper use of flexible cords See OSHA standards 29 CFR
1926.405(g) and 1926.951

The OSHA construction standard requires flexible
cords to be rated for hard or extra-hard usage. These
ratings are derived from the National Electrical Code,
and are required to be indelibly marked approximately
every foot along the length of the cord.

Examples of these codes are: S, ST, SO, and STO for
hard service, and SJ, SJO, SJT, and SJTO for junior
hard service.

Extension cords must be 3-wire type so they may be
grounded, and to permit grounding of any tools or
equipment connected to them.

Limit exposure of connectors and tools to excessive
moisture by using watertight or sealable connectors.
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Classroom Exercise NOTES:
Power Line Kills Worker

Distribute student worksheet, Fatal
Discuss the following accident and how it could Facts Accident Summary No. 40

A dix C
have been prevented. [Appendix C]

Five employees were constructing a chain link fence in
front of a house and directly below a 7200-volt
energized power line. They were installing 21-foot
sections of metal top rail on the fence. One employee
picked up a 21-foot section of top rail and held it up
vertically. The top rail contacted the 7200-volt line, and
the employee was electrocuted.

Summary Refer to “Electrical Safety

During this lesson, you have been given an overview | Overview” section of the

: . Construction Focus Four:
of major electrocution hazards, ways to protect Electrocution tri-fold handout

yourself, and what employers must do to protect [Appendix D]
workers from electrocution hazards.

Conduct lesson test Instructor answer key and student
g . . copies of the lesson test are

Distribute student copies and allow tlmfe for student§ provided in Appendix A.

to complete the test. When they have finished, provide

and discuss the correct answers with the class.

Thank participants for their time, attention, and
involvement in the session.
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References/Sources

OSHA Website

BLS Website

CDC/NIOSH Website

The Construction Chart Book (CPWR, 2007)

Central New York COSH, 2007, Construction Safety & Health Electrocution hazards
Grantee module, Grant Number SH-16586-07-06-F-36 from OSHA

CDC/NIOSH in partnership with CPWR-The Center for Construction Research and
Training, Hollywood, Health and Society, and the Spanish-language network
Telemundo, http://www.cdc.gov/Features/ConstructionElectrocution/

Laborers’ Health & Safety Fund of North America, Preventing Electrocution in
Construction, an OSHA Alliance product
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Appendix A: Electrocution Hazards Lesson Test

Instructor Copy - answers provided separately
See file: Electr_TestwAns_April2011.pdf

Student copy to distribute follows
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Construction Focus Four: Electrocution Hazards Lesson Test

NAME:

1.

DATE: /. |

“BE SAFE” reminds workers that burns, electrocution, shock, arc flash/arc blast, fire and explosions

are all:

a. Electrical hazards workers are exposed to when working around cranes and power lines.

b. Serious workplace hazards that workers are exposed to when working in and/or around electrical
power sources.

c. Electrical hazards workers are exposed to when working with flammables.

A ground fault circuit interrupter (GFCI):

a. Detects ground faults and interrupts the flow of electric current, and is designed to protect the
worker by limiting the duration of an electrical shock.

b. Detects ground faults and interrupts the electric source thus, it disables the equipment that is
attached; however, the worker is still exposed to electrocution.

c. Atool used to determine if a power system is properly grounded.

To protect yourself from being electrocuted by contact with overhead power lines, you should always

assume overhead lines are energized and keep yourself and equipment at least ___ away from
power lines up to 50kV.

a. 5feet

b. 8feet

c. 10 feet

Which of the following is a safe work practice to protect you from electrocution hazards?
a. Use GFCI only when using double insulated power tools

b. Do not operate electrical equipment when working in wet conditions

c. Attach ungrounded, two-prong adapter plugs to three-prong cords and tools

Some requirements employers must do to protect workers from electrocution hazards are: ensure
overhead power lines safety; supply GFCls; isolate electrical parts; ensure proper grounding, and:
Provide training

Ensure power tools are maintained in a safe condition

Ensure proper use of flexible cords

Report worker jobsite complaints to OSHA

Pob=

1,2,and 3
2,3,and 4
c. 1,3and4

T o

When a power system is properly grounded workers need to be aware that:

a. ltis a safe system and can not change from safe to hazardous; therefore working with electrical
equipment is always safe.

b. Electrical equipment can instantly change from safe to hazardous because of extreme conditions
and rough treatment.

c. The system will remain safe and will not be impacted by changing worksite conditions or
electrical equipment.






APPENDIX B

Appendix B: Activity Options A and B
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ACTIVITY OPTION A Instructor Copy
Wet Conditions / Ground Fault Circuit Interrupters

Source: Central New York (COSH) Susan Harwood Training Grant #SH-16586-07-06-F-36

In your small group, read fact sheets A1 and A2, and the following scenario. Then answer
the questions that follow.

e You’re an experienced worker in building
maintenance, helping a new worker to learn the job.
The task involves cleaning up a flooded basement.
The new worker has started setting up electrical cords
and tools for the job. You tell her, “Hold on a minute,
let’'s check out the wiring first.” Then you say, “No, we
can’t do this without GFCI protection. I'll tell you why.”

1. What would you tell your new co-worker?
“You need to take extra precautions any time you’re using

electrical equipmerjt aroqnq water. If your skin is wet for Safe Work: UL approved, 3-
ANY reason (flooding, raining, or sweating), your condcutor grounded extension
electrical resistance in ohms goes down. As your cord, #12 wires.

resistance goes down, any current (amps) that may

flow through your body will go up. A milliamp (mA) = 1/1,000 of 1 Amp.”
“It doesn’t take a lot of current to kill you, especially if it flows through your heart.
Currents above 75 milliamps (mA) — quite common in wet conditions — can cause
ventricular fibrillation, which can be fatal.” “GFCls, which compare currents on the
hot and neutral sides of a circuit, will trip and shut off electricity, within 1/40 of a
second, if there is a difference between the two currents (current leakage) of about
5 mA (such as current flowing in your body).”

2. What can you do to correct this problem for now?

Check to see if there are any permanently wired GFCI receptacles, or if there are GFCI-

protected receptacles. If not, you should use a plug-in GFCI or a GFCI extension cord.
If you are working on a site with temporary wiring, and if the employer has not
provided GFCI or GFCl-protected receptacles, you should bring your own plug-in
GFCI outlet or GFCI extension cord. Test your GFCI every time you use it. It
must TRIP when you press “Test” and it must ENERGIZE when you press
“Reset.”

3. What is the best way to deal with this in the future?
Get the employer or building owner to install GFCI outlets or GFClI-protected outlets in all
wet or damp areas: bathrooms, kitchens, basements, outdoor circuits.
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4. What work practices help protect you against electrical hazards?

Electrical accidents are largely preventable through safe work practices. Examples of
these practices include the following: deenergizing electric equipment before inspection or
repair, keeping electric tools properly maintained, exercising caution when working near
energized lines, and using appropriate protective equipment. For construction applications,
electrical safety-related work practice requirements are detailed in Subpart K of 29 CFR
Part 1926.416 to 1926.417.

Examples of accidents related to wet conditions/ground fault circuit interrupters

A journeyman HVAC worker was installing metal duct work using a double-insulated drill
connected to a drop light cord. Power was supplied through two extension cords from a
nearby residence. The individual's perspiration-soaked clothing/body contacted bare
exposed conductors on one of the cords, causing an electrocution. No GFCl's were used.
Additionally, the ground prongs were missing from the two cords.

Factsheet A1 — Using Electrical Equipment in Wet Locations

Using electrical tools or equipment in wet areas can be a hazard. If your skin is dry, it has
quite a lot of resistance (measured in ohms or Q). However, if your skin is wet for any
reason (rain, sweat, standing in a puddle of water), the skin’s electrical resistance drops
dramatically. The amount of electrical current, in amps, that flows through your body goes
up when resistance in ohms goes

down. Amps = Volts/Ohms.

The Current in Amps = Voltage in Volts DIVIDED BY Resistance in Ohms.
HIGHER VOLTAGE = more current (if resistance remains the same).
LOWER RESISTANCE = more current (if voltage remains the same).
HOW MUCH CURRENT DOES IT TAKE TO KILL ME?

It doesn’t take much, especially if it passes through your heart. Currents above about 75
milliamps(mA) can cause a condition called ventricular fibrillation. (A milliamp is 1/1,000 of
1 amp.) If your heart goes into fibrillation, it beats very rapidly — but it doesn’t pump any
blood — because it's not beating in its normal rhythm. If your blood can’t carry oxygen to
your brain, you'll experience brain

death in 3 to 4 minutes. The way to get you back involves another electric shock, from a
defibrillator.

If your skin is wet and you get your body across 120 volts of electricity, it's very likely that
you’ll have a current of 100 mA or more flowing through your heart. Currents ABOVE 10
MA can cause muscle paralysis. You may not be able to let go of energized tools or
equipment. Shocks that are longer in duration are more severe.

Electrical systems must be wired with either fuses or circuit breakers. These devices are
known as overcurrent protection and they are rated in amps. Most common household
circuits are wired for 15 amps or 20 amps. Overcurrent protection devices protect
wiring and equipment from overheating and fires. They may — or may not — protect you
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from electrical shock. If the current isn’'t high enough, the fuse won’t blow or the circuit
breaker won't trip. You could be shocked or killed without ever blowing a fuse or tripping a
circuit breaker.

Factsheet A2 — GFCIs to the Rescue

A great breakthrough in electrical safety came with the invention of the ground fault circuit
interrupter (GFCI). A ground fault occurs when electrical current flows on a path where it's
not supposed to be. Under normal conditions, current flows in a circuit, traveling from the
source, through the device it operates, called the load, and then back to the source. [See
Activity 2 for more about wiring of electrical circuits.]

Current (amps) flows out to the load from the “hot” side (which is generally at 120 volts AC)
and returns on the “neutral” side (which is at zero volts). Under normal conditions, these
two currents (hot and neutral) are equal. If they are not equal, because of current leakage
(current returning on a different path than the neutral conductor), we get a ground fault.
This can occur if current flows through your body and returns to the source through a path
to ground. Electricity will take ANY available path to return to its source. We want it to
return only on the neutral.

The ground fault circuit interrupter (GFCI) works by using the above principles. It measures
total current on the hot side and total current on the neutral side of the circuit. They are
supposed to be equal. If these two currents differ from each other by more than 5
milliamps (plus or minus 1 mA), the GFCI acts as a fast-acting circuit breaker and shuts off
the electricity within 1/40 of 1 second. You can still feel this small amount of current, but it
will quickly shut off.

GFCls are manufactured in many forms. The most common one is the GFCI outlet.
However, there are also GFCI circuit breakers, plug-in GFCI outlets and GFCI extension
cords, as well as GFCls hard-wired into devices such as hair dryers. All types have “ Test”
and “Reset” functions. The GFCI must trip when you press the “Test” button. It must
also energize the circuit when you press “Reset.” If either test fails, you must
replace the GFCI in order to be protected!
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ACTIVITY OPTION A Student Copy
Wet Conditions / Ground Fault Circuit Interrupters

Source: Central New York (COSH) Susan Harwood Training Grant #SH-16586-07-06-F-36

In your small group, read fact sheets A1 and A2, and the following scenario. Then answer
the questions that follow.

e You’re an experienced worker in building
maintenance, helping a new worker to learn the job.
The task involves cleaning up a flooded basement.
The new worker has started setting up electrical cords
and tools for the job. You tell her, “Hold on a minute,
let’'s check out the wiring first.” Then you say, “No, we
can’t do this without GFCI protection. I'll tell you why.”

1. What would you tell your new co-worker?

2. What can you do to correct this problem for now?

3. What is the best way to deal with this in the future?




4. What work practices help protect you against electrical hazards?

Examples of accidents related to wet conditions/ground fault circuit interrupters

A journeyman HVAC worker was installing metal duct work using a double-insulated drill
connected to a drop light cord. Power was supplied through two extension cords from a
nearby residence. The individual's perspiration-soaked clothing/body contacted bare
exposed conductors on one of the cords, causing an electrocution. No GFCl's were used.
Additionally, the ground prongs were missing from the two cords.

Factsheet Al — Using Electrical EQquipment in Wet Locations

Using electrical tools or equipment in wet areas can be a hazard. If your skin is dry, it has
quite a lot of resistance (measured in ohms or Q). However, if your skin is wet for any
reason (rain, sweat, standing in a puddle of water), the skin’s electrical resistance drops
dramatically. The amount of electrical current, in amps, that flows through your body goes
up when resistance in ohms goes

down. Amps = Volts/Ohms.

The Current in Amps = Voltage in Volts DIVIDED BY Resistance in Ohms.
HIGHER VOLTAGE = more current (if resistance remains the same).
LOWER RESISTANCE = more current (if voltage remains the same).
HOW MUCH CURRENT DOES IT TAKE TO KILL ME?

It doesn’t take much, especially if it passes through your heart. Currents above about 75
milliamps(mA) can cause a condition called ventricular fibrillation. (A milliamp is 1/1,000 of
1 amp.) If your heart goes into fibrillation, it beats very rapidly — but it doesn’t pump any
blood — because it's not beating in its normal rhythm. If your blood can’t carry oxygen to
your brain, you'll experience brain

death in 3 to 4 minutes. The way to get you back involves another electric shock, from a
defibrillator.

If your skin is wet and you get your body across 120 volts of electricity, it's very likely that
you’ll have a current of 100 mA or more flowing through your heart. Currents ABOVE 10
MA can cause muscle paralysis. You may not be able to let go of energized tools or
equipment. Shocks that are longer in duration are more severe.



Electrical systems must be wired with either fuses or circuit breakers. These devices are
known as overcurrent protection and they are rated in amps. Most common household
circuits are wired for 15 amps or 20 amps. Overcurrent protection devices protect
wiring and equipment from overheating and fires. They may — or may not — protect you
from electrical shock. If the current isn’'t high enough, the fuse won’t blow or the circuit
breaker won't trip. You could be shocked or killed without ever blowing a fuse or tripping a
circuit breaker.

Factsheet A2 — GFCIs to the Rescue

A great breakthrough in electrical safety came with the invention of the ground fault circuit
interrupter (GFCI). A ground fault occurs when electrical current flows on a path where it's
not supposed to be. Under normal conditions, current flows in a circuit, traveling from the
source, through the device it operates, called the load, and then back to the source. [See
Activity 2 for more about wiring of electrical circuits.]

Current (amps) flows out to the load from the “hot” side (which is generally at 120 volts AC)
and returns on the “neutral” side (which is at zero volts). Under normal conditions, these
two currents (hot and neutral) are equal. If they are not equal, because of current leakage
(current returning on a different path than the neutral conductor), we get a ground fault.
This can occur if current flows through your body and returns to the source through a path
to ground. Electricity will take ANY available path to return to its source. We want it to
return only on the neutral.

The ground fault circuit interrupter (GFCI) works by using the above principles. It measures
total current on the hot side and total current on the neutral side of the circuit. They are
supposed to be equal. If these two currents differ from each other by more than 5
milliamps (plus or minus 1 mA), the GFCI acts as a fast-acting circuit breaker and shuts off
the electricity within 1/40 of 1 second. You can still feel this small amount of current, but it
will quickly shut off.

GFCls are manufactured in many forms. The most common one is the GFCI outlet.
However, there are also GFCI circuit breakers, plug-in GFCI outlets and GFCI extension
cords, as well as GFCls hard-wired into devices such as hair dryers. All types have “ Test”
and “Reset” functions. The GFCI must trip when you press the “Test” button. It must
also energize the circuit when you press “Reset.” If either test fails, you must
replace the GFCI in order to be protected!
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Activity Option B Instructor Copy
Extension Cords, Copper and Current

In your small group, read fact sheets B1 and B2, and the following scenario.
Then answer the questions that follow.

SCENARIO:

You're at work one day and a co-worker starts screaming: It
looks like his saw is smoking, it smells like it's burning and his
extension cord is getting hot enough to burn his hand. You
walk over, take one look at the scene and start shaking

your head. “Well, | know what your problem is, and I'll explain
if you stop shouting,” you tell him.

1. What is your explanation to the worker?

“The wires in your extension cord aren’t heavy enough for the
lectrical | in amps) from r saw. If there i much

elect ct:aﬂ Oad (th a ps) O. ytf]ut,sa t ht ere1s tOOh tJhC Safe Work: UL approved, 3-

current flowing through a wire that’s no :aavy enough, the conductor grounded

wire will heat up and it could cause a fire. extension cord, #12 wires.

“If the extension cord wire is too small, and ESPECIALLY if it's a long extension cord, you

may also get a voltage drop across the extension cord. In such a case, the cord could act

as a series resistor, resulting in lower voltage for your

tools. This lower voltage could damage your equipment.” “You need to match the rating of
the extension cord (either in amps or in watts), with the current which the tool uses. (Watts
DIVIDED BY volts = amps.)”

2. What are some steps to deal with this issue?

All workers should get some basic training on electrical safety. They need to know about
the problems and hazards which could result from overloaded conductors. Overloaded
extension cords will heat up and may cause a fire, even if total circuit current isn’t high
enough to blow a fuse or trip a circuit breaker. Workers should read the operator’'s manuals
for electric tools. They often have tables showing the wire size needed for extension cords
of various lengths.

3. What is the best way to correct the problem?
Ideally, the employer should supply all necessary electrical devices, including UL
approved, properly rated, grounded extension cords.
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Factsheet B1 — Wire Size and Ampacity

In terms of conducting electrical current, size matters: the size of the electrical conductor.
Take a look at the following table regarding ampacity, the current carrying capacity of a
conductor in amps. You'll notice two things: the amount of current a wire can safely carry
increases as the diameter (and area) of the wire increases and as the number of the wire
size decreases. Welcome to the American Wire Gauge (AWG).

AWG Copper Wire Table

Copper Wire Diameter Area Ampacity in  Ampacity as
free air part of 3-
Size (AWG) (mils) (Circular conductor
mils) cable
14 AWG 64.1 4109 20 Amps 15 Amps
12 AWG 80.8 6529 25 Amps 20 Amps
10 AWG 101.9 10,384 40 Amps 30 Amps
8 AWG 128.5 16,512 70 Amps 50 Amps

BUT | DON'T WANT TO BE AN ENGINEER...

Hey, neither do |, but this stuff is important. Notice that a #8 wire is twice the diameter,
but four times the area of a #14 wire. There are a couple of practical applications here.
For one thing, the gauge of the wire determines the rating of a fuse or circuit breaker in
amps. A circuit wired with #14 copper will get a 15 amp circuit breaker. A circuit with #12
copper can get a 20 amp breaker; #10 copper can be 30 amps, and so on.

The second thing to consider is that it's possible to create a fire hazard by overloading an
extension cord. This occurs when too much current is flowing in a conductor that’s not
heavy enough for the electrical load in amps. The circuit can be properly wired and its
circuit breaker correctly rated, but if too much current flows through an extension cord
whose wires are too small, the cord will heat up. Sometimes there is also a voltage drop
over a longer extension cord, which could damage your tools.

Factsheet B2 — Extension Cord Facts

With the wide use of power tools on construction sites, flexible extension cords often are
necessary. Because they are exposed, flexible, and unsecured, they are more susceptible
to damage than is fixed wiring. Hazards are created when cords, cord connectors,
receptacles, and cord- and plug connected equipment are improperly used and
maintained. Here are some factors on extension cord

safety noted by OSHA.
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Strain Relief
e To reduce hazards, flexible cords must connect to
devices and to fittings in ways that prevent tension at
joints and terminal screws. Flexible cords are finely
stranded for flexibility, so straining a cord can cause the
strands of one conductor to loosen from under terminal
screws and touch another conductor.

Cord Damage
¢ A flexible cord may be damaged by door or window

edges, by staples and fastenings, by abrasion from
adjacent materials, or simply by aging. If the electrical
conductors become exposed, there is a danger of
shocks, burns, or fire. Replace frayed or damaged
cords. Avoid running cords over sharp corners and
edges.

Durability
e The OSHA construction standard requires flexible cords

to be rated for hard or extra-hard usage. These ratings
are derived from the National Electrical Code, and are
required to be indelibly marked approximately every
foot along the length of the cord. Examples of these
codes are: S, ST, SO, and STO for hard service, and
SJ, SJO, SJT, and SJTO for junior hard service.

Grounding
e Extension cords must be 3-wire type so they may be
grounded, and to permit grounding of any tools or
equipment connected to them.

Wet Conditions

e When a cord connector is wet, electric current can leak
to the equipment grounding conductor, and to anyone
who picks up that connectors if they provide a path to
ground. Such leakage can occur not just on the face of
the conductor, but at any wetter portion. Limit exposure
of connectors and tools to excessive moisture by using
watertight or sealable connectors.
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Activity Option B Student Copy
Extension Cords, Copper and Current

In your small group, read fact sheets B1 and B2, and the following scenario.
Then answer the questions that follow.

SCENARIO:

You're at work one day and a co-worker starts screaming: It
looks like his saw is smoking, it smells like it's burning and his
extension cord is getting hot enough to burn his hand. You
walk over, take one look at the scene and start shaking

your head. “Well, | know what your problem is, and I'll explain
if you stop shouting,” you tell him.

1. What is your explanation to the worker?

2. What are some steps to deal with this issue?

3. What is the best way to correct the problem?




Factsheet B1 — Wire Size and Ampacity

In terms of conducting electrical current, size matters: the size of the electrical conductor.
Take a look at the following table regarding ampacity, the current carrying capacity of a
conductor in amps. You'll notice two things: the amount of current a wire can safely carry
increases as the diameter (and area) of the wire increases and as the number of the wire
size decreases. Welcome to the American Wire Gauge (AWG).

AWG Copper Wire Table

Copper Wire Diameter Area Ampacity in  Ampacity as
free air part of 3-
Size (AWG) (mils) (Circular conductor
mils) cable
14 AWG 64.1 4109 20 Amps 15 Amps
12 AWG 80.8 6529 25 Amps 20 Amps
10 AWG 101.9 10,384 40 Amps 30 Amps
8 AWG 128.5 16,512 70 Amps 50 Amps

BUT | DON'T WANT TO BE AN ENGINEER...

Hey, neither do |, but this stuff is important. Notice that a #8 wire is twice the diameter,
but four times the area of a #14 wire. There are a couple of practical applications here.
For one thing, the gauge of the wire determines the rating of a fuse or circuit breaker in
amps. A circuit wired with #14 copper will get a 15 amp circuit breaker. A circuit with #12
copper can get a 20 amp breaker; #10 copper can be 30 amps, and so on.

The second thing to consider is that it's possible to create a fire hazard by overloading an
extension cord. This occurs when too much current is fl owing in a conductor that’s not
heavy enough for the electrical load in amps. The circuit can be properly wired and its
circuit breaker correctly rated, but if too much current flows through an extension cord
whose wires are too small, the cord will heat up. Sometimes there is also a voltage drop
over a longer extension cord, which could damage your tools.

Factsheet B2 — Extension Cord Facts

With the wide use of power tools on construction sites, flexible extension cords often are
necessary. Because they are exposed, flexible, and unsecured, they are more susceptible
to damage than is fixed wiring. Hazards are created when cords, cord connectors,
receptacles, and cord- and plug connected equipment are improperly used and
maintained. Here are some factors on extension cord

safety noted by OSHA.



Strain Relief
e To reduce hazards, flexible cords must connect to
devices and to fittings in ways that prevent tension at
joints and terminal screws. Flexible cords are finely
stranded for flexibility, so straining a cord can cause the
strands of one conductor to loosen from under terminal
screws and touch another conductor.

Cord Damage
¢ A flexible cord may be damaged by door or window

edges, by staples and fastenings, by abrasion from
adjacent materials, or simply by aging. If the electrical
conductors become exposed, there is a danger of
shocks, burns, or fire. Replace frayed or damaged
cords. Avoid running cords over sharp corners and
edges.

Durability
e The OSHA construction standard requires flexible cords

to be rated for hard or extra-hard usage. These ratings
are derived from the National Electrical Code, and are
required to be indelibly marked approximately every
foot along the length of the cord. Examples of these
codes are: S, ST, SO, and STO for hard service, and
SJ, SJO, SJT, and SJTO for junior hard service.

Grounding
e Extension cords must be 3-wire type so they may be
grounded, and to permit grounding of any tools or
equipment connected to them.

Wet Conditions

When a cord connector is wet, electric current can leak to the
equipment grounding conductor, and to anyone who picks up
that connectors if they provide a path to ground. Such leakage
can occur not just on the face of the conductor, but at any wetter
portion. Limit exposure of connectors and tools to excessive
moisture by using watertight or sealable connectors.
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Appendix C: Fatal Facts

Contents:

e Fatal Facts Accident Summary #11
Fatal Facts Accident Summary #17
Fatal Facts Accident Summary #28
Fatal Facts Accident Summary #30
Fatal Facts Accident Summary #40
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Fatal Facts Accident Summary #57
Fatal Facts Accident Summary #60
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ACCIDENT SUMMARY No. 11
Accident Type: Electrocution
Weather Conditions: Wet Ground
Type of Operation: Remodeling
Size of Work Crew: 2
Collective Bargaining No
Competent Safety Monitor on Site: Yes
Safety and Health Program in Effect: No
Was the Worksite Inspected Regularly: Yes
Training and Education Provided: No
Employee Job Title: Carpenter
Age & Sex: 33-Male
Experience at this Type of Work: 30 Days
Time on Project: 3 Days

BRIEF DESCRIPTION OF ACCIDENT

Two employees were installing aluminum siding on a farmhouse when it became necessary to remove a 36-
foot high metal pole CB antenna. One employee stood on a metal pick board between two ladders and
unfastened the antenna at the top of the house. The other employee, who was standing on the ground, took
the antenna to lay it down in the yard. The antenna made electrical contact with a 7200-volt power
transmission tine 30 feet 10 inches from the house and 23 feet 9 inches above the ground. The employee
handling the antenna received a fatal shock and the other employee a minor shock.

INSPECTION RESULTS

Following its investigation, OSHA issued one citation for two alleged serious violations of its construction
standards. Had these standards been adhered to, the fatality might have been prevented.

ACCIDENT PREVENTION RECOMMENDATIONS

1. Note the presence of power lines and be extremely cautious when working near them. Train
employees to recognize and avoid electrical hazards (29CFR 1926.21(b)(2)).

2. Do not permit employees to work near any part of an electrical power circuit which might be
contacted in the course of the work. Guard all electrical power circuits against accidental contact by
insulating the circuit or deenergizing it or by other effective means that would protect the employee
(29CFR 1926.400(C)(1)).

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 17
Accident Type: Electrocution
Weather Conditions: Sunny, Clear
Type of Operation: Steel Erection
Size of Work Crew: 3
Collective Bargaining No
Competent Safety Monitor on Site: Yes - Victim
Safety and Health Program in Effect: No
Was the Worksite Inspected Regularly: Yes
Training and Education Provided: No
Employee Job Title: Steel Erector Foreman
Age & Sex: 43-Male
Experience at this Type of Work: 4 months
Time on Project: 4 Hours

BRIEF DESCRIPTION OF ACCIDENT

Employees were moving a steel canopy structure using a "boom crane" truck. The boom cable made contact
with a 7200 volt electrical power distribution line electrocuting the operator of the crane; he was the foreman
at the site.

INSPECTION RESULTS

As a result of its investigation. OSHA issued citations for four serious violations of its construction standards
dealing with training, protective equipment, and working too close to power lines. OSHA's construction safety
standards include several requirements which, If they had been followed here. might have prevented this
fatality.

ACCIDENT PREVENTION RECOMMENDATIONS

1. Develop and maintain a safety and health program to provide guidance for safe operations (29 CFR
1926.20(b)(1)).

2. Instruct each employee on how to recognize and avoid unsafe conditions which apply to the work
and work areas (29 CFR 1926.21(b)(2))

3. If high voltage lines are not de-energized, visibly grounded, or protected by insulating barriers,
equipment operators must maintain a minimum distance of 10 feet between their equipment and the
electrical distribution or transmission lines (29 CFR 1926.550(a)(15)(i)).

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 28

Accident Type: Electrocution

Weather Conditions: Clear

Type of Operation: Power Line Work:

Size of Work Crew: 2
Collective Bargaining Yes
Competent Safety Monitor on Site: Yes
Safety and Health Program in Effect: No
Was the Worksite Inspected Regularly: No
Training and Education Provided: No
Employee Job Title: Lineman

Age & Sex: 44-Male

Experience at this Type of Work: 11 Months
Time on Project: 6 Weeks

BRIEF DESCRIPTION OF ACCIDENT

A lineman was electrocuted while working on grounded de-energized lines. He was working from a defective
basket on an articulated boom aerial lift when the basket contacted energized lines which ran beneath the
de-energized lines. The defective basket permitted current to pass through a drain hole cut into the body of
the basket, then through the employee, and to ground via the de-energized line.

INSPECTION RESULTS

OSHA cited the company for two serious violations and one other than serious violation of its construction
standards. Had barriers been erected to prevent contact with adjacent energized lines, the electrical shock
might have been prevented.

ACCIDENT PREVENTION RECOMMENDATIONS

1. Guards or barriers must be erected as necessary to adjacent energized lines (29 CFR
1926.950(d)(1)(Vv)).

2. Existing conditions of mechanical equipment, energized lines, equipment, conditions of poles, and
location of circuit must be determined by an inspection or test before starting work. (29 CFR
1926.950(b)(1) and.952(a)(1)).

3. Employees must be instructed on how to recognize and avoid unsafe conditions and on regulations
that apply to their work environment (29 CFR 1926.21(b)(2) ).

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 30
Accident Type: Electrocution
Weather Conditions: Raining
Type of Operation: Electrical Contractor
Size of Work Crew: 2
Collective Bargaining No
Competent Safety Monitor on Site: Yes
Safety and Health Program in Effect: Inadequate

Was the Worksite Inspected Regularly:
Training and Education Provided:

Employee Job Title: Journeyman Electrician
Age & Sex:
Experience at this Type of Work:
Time on Project: 1 Day

BRIEF DESCRIPTION OF ACCIDENT

An electrician was removing metal fish tape from a hole at the base of a metal light pole. The fish tape
became energized, electrocuting him.

INSPECTION RESULTS

As a result of its inspection, OSHA issued a citation for three serious violations of the agency's construction
standards. Had requirements for de-energizing energy sources been followed, the electrocution might have
been prevented.

ACCIDENT PREVENTION RECOMMENDATIONS

1. Ensure all circuits are de-energized before beginning work (29 CFR 1926.416(a)(3)).

2. Controls to be deactivated during the course of work on energized or de-energized equipment or
circuits must be tagged (29 CFR 1926.417(a)).

3. Employees must be instructed to recognize and avoid unsafe conditions associated with their work
(29 CFR 1926.21(b)(2)).

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 40
Accident Type: Electrocution
Weather Conditions: Sunny/Clear
Type of Operation: Fence Construction
Size of Work Crew: 5
Collective Bargaining No
Competent Safety Monitor on Site: No
Safety and Health Program in Effect: Yes| | wanes
Was the Worksite Inspected Regularly: No ;< ’? r\/f’.{' ;
Training and Education Provided: No| | »f&x :;Jvﬂ
Employee Job Title: Laborer| | .. x ‘Y{"H“ ; A
Age & Sex: 25-Male| | s -Qf fﬁ-'*, 9
Experience at this Type of Work: 3 Months |~ ﬁg“;#{
Time on Project: 1 Day

BRIEF DESCRIPTION OF ACCIDENT

Five employees were constructing a chain link fence in front of a house and directly below a 7200-volt
energized power line. They were installing 21-foot sections of metal top rail on the fence. One employee
picked up a 21-foot section of top rail and held it up vertically. The top rail contacted the 7200-volt line, and
the employee was electrocuted.

INSPECTION RESULTS

Following its inspection, OSHA determined that the employee who was killed had never received any safety
training from his employer nor any specific instruction in avoiding the hazards posed by overhead power
lines. The agency issued two serious citations for the training deficiencies.

ACCIDENT PREVENTION RECOMMENDATIONS

1. Employers must instruct employees to recognize and avoid unsafe conditions applicable to their work
environment [29 CFR 1926.21(b)(2)].

2. Employers must not permit employees to work in proximity to any part of an electrical power circuit
when the employee could contact it during the course of work, unless the employee is protected
against electric shock by de-energizing the circuit and grounding it or by guarding it effectively by
insulation or other means [29 CFR 1910.416(a)(1)].

NOTE: The case here described was selected as being representative of fatalities caused by improper work practices. No special
emphasis or priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved,
and the case is now closed.
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ACCIDENT SUMMARY No. 49

Accident Type: Electrical Shock
Weather Conditions: Clear/Hot
Type of Operation: Masonry Contractor
Size of Work Crew: 6 ==
Collective Bargaining No
Competent Safety Monitor on Site: No
Safety and Health Program in Effect: Inadequate
Was the Worksite Inspected Regularly: Yes
Training and Education Provided: No
Employee Job Title: Cement Finisher )
Age & Sex: 34-Male
Experience at this Type of Work: 10 Years
Time on Project: 1 Day

BRIEF DESCRIPTION OF ACCIDENT

Two employees were spreading concrete as it was being delivered by 1 concrete pumper truck boom. The
truck was parked across the street from the worksite. Overhead power lines ran perpendicular to the boom
on the pumper truck. One employee was moving the hose (elephant trunk) to pour the concrete when the
boom of the pumper truck came in contact with the overhead rover line carrying 7,620 volts. Employee
received a fatal electric shock and fell on the other employee who was assisting him. The second employee
received massive electrical shock and burns. * Safety training requirement was not being carried out at time
of accident.

INSPECTION RESULTS

OSHA cited the employer for not instructing each employee to recognize and avoid unsafe conditions which
apply to the work and work areas. Employer was also cited for operating equipment within ten feet of an
energized electrical, ungrounded transmission lines rated 50 kV or less and not erecting insulating barriers.

ACCIDENT PREVENTION RECOMMENDATIONS
1. Train employees to recognize and avoid unsafe conditions which apply to the work environment [28
CFR 1926.21(b)(2)].
2. Avoid operating equipment within ten feet of electrical distribution or transmission lines rated 50 kV or
less unless the line has been de-energized and visually grounded, or unless insulating barriers -- not
part of or attached to the equipment -- are provided [29 CFR 1926.600(a)(6)].

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 57
Accident Type: Electrocution
Weather Conditions: Clear/Hot/Humid
Type of Operation: Window Shutter Installers
Size of Work Crew: 2
Collective Bargaining N/A
Competent Safety Monitor on Site: No
Safety and Health Program in Effect: Partial
Was the Worksite Inspected Regularly: No
Training and Education Provided: Some
Employee Job Title: Helper
Age & Sex: 17-Male
Experience at this Type of Work: One Month
Time on Project: One Month

BRIEF DESCRIPTION OF ACCIDENT

One employee was climbing a metal ladder to hand an electric drill to the journeyman installer on a scaffold
about five feet above him. When the victim reached the third rung from the bottom of the ladder he received
an electric shock that killed him. The investigation revealed that the extension cord had a missing grounding
prong and that a conductor on the green grounding wire was making intermittent contact with the energizing
black wire thereby energizing the entire length of the grounding wire and the drill's frame. The drill was not
double insulated.

INSPECTION RESULTS
As a result of its investigation, OSHA issued citations for violations of construction standards.

ACCIDENT PREVENTION RECOMMENDATIONS

1. Use approved ground fault circuit interrupters or an assured equipment grounding conductor program
to protect employees on construction sites [29 CFR 1926.404(b)(1)].

2. Use equipment that provides a permanent and continuous path from circuits, equipment, structures,
conduit or enclosures to ground [29 CFR 1926.404(d)(6)].

3. Inspect electrical tools and equipment daily and remove damaged or defective equipment from use
until it is repaired [29 CFR 1926.404(b)(iii)(c)].

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 60
Accident Type: Electrocution
Weather Conditions: Indoor Work
Type of Operation: Installing and Trouble-shooting
overhead lamps
Size of Work Crew: 15
Competent Safety Monitor on
o Yes
Site: e
Safety and Health Program
in Effect: Inadequate b 5
Was the Worksite Inspected
Yes
Regularly: Ll
Training and Education No
Provided:
Employee Job Title: Electriciani o
Age & Sex: 53-Male! i
Experience at this Type of
Work: Journeyman
Time on Project: 1 Month

BRIEF DESCRIPTION OF ACCIDENT

The employee was attempting to correct an electrical problem involving two non-operational lamps. He
proceeded to the area where he thought the problem was. He had not shut off the power at the circuit
breaker panel nor had he tested the wires to see if they were live. He was electrocuted when he grabbed the
two live wires with his left hand and then fell from the ladder.

INSPECTION RESULTS

As a result of its investigation, OSHA Issued citations alleging three serious violations. OSHA's construction
standards include several requirements which, if they had been followed here, might have prevented this
fatality.

ACCIDENT PREVENTION RECOMMENDATIONS

1. The employer should not allow work to be done on electrical circuits unless an effective lock-out/tag-
out program is implemented [29 CFR 1926.416(a)(1)].

2. The employer should not allow work to be done on energized electrical circuits or circuits which are
not positively de-energized or tagged out [29 CFR 1926.417(a) and.417(c)].

NOTE: The case here described was selected as being representative of fatalities caused by improper work practices. No special
emphasis or priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved,
and the case is now closed.
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ACCIDENT SUMMARY No. 11

Accident Type: Electrocution

Weather Conditions: Wet Ground

Type of Operation: Remodeling

Size of Work Crew: 2
Collective Bargaining No
Competent Safety Monitor on Site: Yes
Safety and Health Program in Effect: No
Was the Worksite Inspected Regularly: Yes
Training and Education Provided: No
Employee Job Title: Carpenter

Age & Sex: 33-Male

Experience at this Type of Work: 30 Days
Time on Project: 3 Days

BRIEF DESCRIPTION OF ACCIDENT

Two employees were installing aluminum siding on a farmhouse when it became necessary to remove a 36-
foot high metal pole CB antenna. One employee stood on a metal pick board between two ladders and
unfastened the antenna at the top of the house. The other employee, who was standing on the ground, took
the antenna to lay it down in the yard. The antenna made electrical contact with a 7200-volt power
transmission tine 30 feet 10 inches from the house and 23 feet 9 inches above the ground. The employee
handling the antenna received a fatal shock and the other employee a minor shock.

INSPECTION RESULTS

Following its investigation, OSHA issued one citation for two alleged serious violations of its construction
standards. Had these standards been adhered to, the fatality might have been prevented.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 17
Accident Type: Electrocution
Weather Conditions: Sunny, Clear
Type of Operation: Steel Erection
Size of Work Crew: 3
Collective Bargaining No
Competent Safety Monitor on Site: Yes - Victim
Safety and Health Program in Effect: No
Was the Worksite Inspected Regularly: Yes
Training and Education Provided: No
Employee Job Title: Steel Erector Foreman
Age & Sex: 43-Male
Experience at this Type of Work: 4 months

Time on Project:

4 Hours

BRIEF DESCRIPTION OF ACCIDENT

Employees were moving a steel canopy structure using a "boom crane" truck. The boom cable made contact
with a 7200 volt electrical power distribution line electrocuting the operator of the crane; he was the foreman

at the site.

INSPECTION RESULTS

As a result of its investigation. OSHA issued citations for four serious violations of its construction standards
dealing with training, protective equipment, and working too close to power lines. OSHA's construction safety
standards include several requirements which, If they had been followed here. might have prevented this

fatality.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is

now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 28

Accident Type: Electrocution

Weather Conditions: Clear

Type of Operation: Power Line Work

Size of Work Crew: 2
Collective Bargaining Yes
Competent Safety Monitor on Site: Yes
Safety and Health Program in Effect: No
Was the Worksite Inspected Regularly: No
Training and Education Provided: No
Employee Job Title: Lineman

Age & Sex: 44-Male

Experience at this Type of Work: 11 Months
Time on Project: 6 Weeks

BRIEF DESCRIPTION OF ACCIDENT

A lineman was electrocuted while working on grounded de-energized lines. He was working from a defective
basket on an articulated boom aerial lift when the basket contacted energized lines which ran beneath the
de-energized lines. The defective basket permitted current to pass through a drain hole cut into the body of
the basket, then through the employee, and to ground via the de-energized line.

INSPECTION RESULTS
OSHA cited the company for two serious violations and one other than serious violation of its construction
standards. Had barriers been erected to prevent contact with adjacent energized lines, the electrical shock

might have been prevented.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 30

Accident Type: Electrocution
Weather Conditions: Raining
Type of Operation: Electrical Contractor
Size of Work Crew: 2
Collective Bargaining No
Competent Safety Monitor on Site: Yes
Safety and Health Program in Effect: Inadequate
Was the Worksite Inspected Regularly: YesE
Training and Education Provided: No :
Employee Job Title: Journeyman Electrician gg=—"% a
Age & Sex:
Experience at this Type of Work: 5
Time on Project: 1 Day

BRIEF DESCRIPTION OF ACCIDENT

An electrician was removing metal fish tape from a hole at the base of a metal light pole. The fish tape
became energized, electrocuting him.

INSPECTION RESULTS
As a result of its inspection, OSHA issued a citation for three serious violations of the agency's construction
standards. Had requirements for de-energizing energy sources been followed, the electrocution might have

been prevented.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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Accident Type:

Electrocution

Weather Conditions:

Sunny/Clear

Type of Operation:

Fence Construction

Size of Work Crew: 5
Collective Bargaining No
Competent Safety Monitor on Site: No
Safety and Health Program in Effect: Yes
Was the Worksite Inspected Regularly: No
Training and Education Provided: No
Employee Job Title: Laborer

Age & Sex: 25-Male

Experience at this Type of Work: 3 Months
Time on Project: 1 Day

BRIEF DESCRIPTION OF ACCIDENT

Five employees were constructing a chain link fence in front of a house and directly below a 7200-volt
energized power line. They were installing 21-foot sections of metal top rail on the fence. One employee
picked up a 21-foot section of top rail and held it up vertically. The top rail contacted the 7200-volt line, and
the employee was electrocuted.

INSPECTION RESULTS

Following its inspection, OSHA determined that the employee who was killed had never received any safety
training from his employer nor any specific instruction in avoiding the hazards posed by overhead power
lines. The agency issued two serious citations for the training deficiencies.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 49

Accident Type: Electrical Shock
Weather Conditions: Clear/Hot
Type of Operation: Masonry Contractor
Size of Work Crew: 6 ===
Collective Bargaining No
Competent Safety Monitor on Site: No
Safety and Health Program in Effect: Inadequate
Was the Worksite Inspected Regularly: Yes
Training and Education Provided: No
Employee Job Title: Cement Finisher )
Age & Sex: 34-Male
Experience at this Type of Work: 10 Years
Time on Project: 1 Day

BRIEF DESCRIPTION OF ACCIDENT

Two employees were spreading concrete as it was being delivered by 1 concrete pumper truck boom. The
truck was parked across the street from the worksite. Overhead power lines ran perpendicular to the boom
on the pumper truck. One employee was moving the hose (elephant trunk) to pour the concrete when the
boom of the pumper truck came in contact with the overhead rover line carrying 7,620 volts. Employee
received a fatal electric shock and fell on the other employee who was assisting him. The second employee
received massive electrical shock and burns. * Safety training requirement was not being carried out at time
of accident.

INSPECTION RESULTS

OSHA cited the employer for not instructing each employee to recognize and avoid unsafe conditions which
apply to the work and work areas. Employer was also cited for operating equipment within ten feet of an
energized electrical, ungrounded transmission lines rated 50 kV or less and not erecting insulating barriers.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 57

Accident Type: Electrocution
Weather Conditions: Clear/Hot/Humid
Type of Operation: Window Shutter Installers
Size of Work Crew: 2
Collective Bargaining N/A
Competent Safety Monitor on Site: No
Safety and Health Program in Effect: Partial
Was the Worksite Inspected Regularly: No
Training and Education Provided: Some
Employee Job Title: Helper
Age & Sex: 17-Male
Experience at this Type of Work: One Month
Time on Project: One Month

BRIEF DESCRIPTION OF ACCIDENT

One employee was climbing a metal ladder to hand an electric drill to the journeyman installer on a scaffold
about five feet above him. When the victim reached the third rung from the bottom of the ladder he received
an electric shock that killed him. The investigation revealed that the extension cord had a missing grounding
prong and that a conductor on the green grounding wire was making intermittent contact with the energizing
black wire thereby energizing the entire length of the grounding wire and the drill's frame. The drill was not
double insulated.

INSPECTION RESULTS
As a result of its investigation, OSHA issued citations for violations of construction standards.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The Fatal Facts were selected as being representative of fatalities caused by improper work practices. No special emphasis or
priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved, and the case is
now closed. Current as of: 11/01/2001.
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ACCIDENT SUMMARY No. 60

Accident Type:

Electrocution

Weather Conditions:

Indoor Work

Type of Operation:

Installing and
Trouble-shooting
overhead lamps

Size of Work Crew: 15
Competent Safety Monitor on Site: Yes
Safety and Health Program in Effect: Inadequate
Was the Worksite Inspected Regularly: Yes
Training and Education Provided: No
Employee Job Title: Electrician

Age & Sex:

53-Male

Experience at this Type of Work:

i
Journeyman

Time on Project:

1 Month

BRIEF DESCRIPTION OF ACCIDENT

The employee was attempting to correct an electrical problem involving two non-operational lamps. He
proceeded to the area where he thought the problem was. He had not shut off the power at the circuit
breaker panel nor had he tested the wires to see if they were live. He was electrocuted when he grabbed the

two live wires with his left hand and then fell from the ladder.

INSPECTION RESULTS

As a result of its investigation, OSHA Issued citations alleging three serious violations. OSHA's construction
standards include several requirements which, if they had been followed here, might have prevented this

fatality.

ACCIDENT PREVENTION RECOMMENDATIONS

NOTE: The case here described was selected as being representative of fatalities caused by improper work practices. No special
emphasis or priority is implied nor is the case necessarily a recent occurrence. The legal aspects of the incident have been resolved,

and the case is now closed.




APPENDIX D

Appendix D: Student Handouts

Contents:

e “Construction Focus Four: Electrocution, Safety Tips for Workers” tri-fold brochure
format

e Focus Four Toolbox Talks 1, 2, and 3 produced by IUOE National Training Fund
under OSHA grant number SH-16591-07-06-F-11

e OSHA Quick Card™ “Electrical Safety”
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General Rules for
Construction
Electrical Safety

MAJOR FROTECTIVE METHODS FROM
ELECTRICAL HATARDS

Protection from elecmical hazards genemally inchides
the following methods:

1. DISTANCE: Commaonly used with regard to
power lmes.
1 I[SOLATION AND GUARDING: Eestricting

aoress, conmoenly used with high voltage power
dismibion equipment.

ENCLOSURE OF ELECTRICAL PARTS: 4
major concept of elecmical winnog in peneml e g,
all connections ars mads in a box.

GROUNDING: Required for 21l non-coment
carmying exposed metl parts, unless isolated or
paarded as abowe. (However, corded tools may be
aﬂlergra:m:;h:’ OR be double-mmiated )

5 INSULATION: Intact msulation allows safe han-
dling of everyday electrical equipment, including

corded toks. Category also mckudss insulared
mais and slesves.

4. DE-ENERGIZING AND CROUNDING: Pro-
tective method used by electmical wnlines and alse
in conjunction with elecmical lockout'tagou.
FPERSONAL FROTECTIVE EQUIFMENT
(PFE): Usmg insulated gloves and other apparel
to wark on ensrgized equipment, limdted to quals-
fied and trained persorme] working under very
limited ciromstances.

et

=

Effects of Electric Current
in the Human Body

" Current / Reaction
{1,000 miliiempares = | amp; thergfbrs,
15,000 miiliomperes = 15 amp circuit)
Below 1 milliampere
Generally not perceptible

1 milliampere
Faint tingle

5 milliampere
Slight shock fislt, not painful but disnrbing.
Average individual can let zo. Soong invelon-
tary reactions can lead to other injuries.

6-25 milliamperes (women)
Painful shock, loss of musoular control

2-30 milliamperes (men)
The feezing cumment or ” let-go” range. Indi-
vidual cannot Jet go, but can ba thrown away
from the circuit if extensor musclss are somu-
lared.

50 150 mlliamperes
Extreme pain, respioratory arrest, $evVers muscu-
lar conractions. Death is possible.

1,000 - 4 300 milliamperes
Fhythmic pomping action of the heart ceasas.
Muscular contraction and nerve damage ooour;
death likely

10, M) milliamperes
Cardiac amest, severs burns; death probable

@M
Construction Focus Foor: Electrocntion
Directorate of Traming and Education

2020 5. Arlington Heights Fd.
Arlimzton Heights, IL 50005

Fame content adapied from: Central New Tork OO05H, 2007,
Conziruction Sqfer & Health Electrocution hapards Graniee
moduie, Gran: Number SH-16386-07-06-F-38 from O5HA

Construction
Focus Four:

Electrocution
Safety Tips for Workers

Contents:

« Electncal Safety Cverview

» General Fules for Electnical Work

« Condensed Electrical Glossary

s (General Fules for Construction
Electrical Safety

» Effects of Electnc Current m the
Human Body




Electrical Safety Overview

1. CORD AND PLUG OFERATED slaciric tools with
axposed matal parts pmst havo 2 shree-prong grownaing plug —
AND ke gronnded — or sl ba double-smeulmted.

1 EQUIPMENT GROUNDING aniy works when there s
@ permaneny and continuous elecrond conmection berecen e
sl shell of @ wool and dhe cardy.

3. PROFER FOLARITY IN ELECTRICAL WIR-
ING IS IMPORTANT: Jior to bor. nesarai i mewreal

quipamers ground fo cquipmers ground. Polavized plugs have o
wider mewiral Blade 20 mamiatn correst polarisy. Reversed
poladly cam Bil
4 CIRCTUITS MUST BE EQUIFFED WITH EUSES
OF CIRCUIT BREAKERS &0 proiccr against damgerous
overloads Fuses mieli, while cinosdr breakers orp o mem off
oaerre [k @ rwiich. Gvercirrent profection devices prodect
wirfmy and gl from everleadng and ffres Ty moy

OF FTY BOL PFGRACT POu.

5 MOST 120 VOLT CIRCUTTS are wired s defiver up
i 1§ o 20 awps of carree. Currents of 3 — 100 milfamperes
oo kil yows ¢ mAd = L7 000 af | Amp )

6. WET CONDITIONS LOWER SEIN RESIS-
TANCE, allmwing more curren to flow through your body
Carrernar above 75 milliamps can cause vemdrdicular flrillation,
wilttoh may be fawal. Seventy of o shock depends one park of
carrers, awsounr of current, duration af curres, voltags kel
exoisiure and your general hoalth.

7. A GROUND FAULT CIRCTUIT INTEEEUFTER
{GFCT) protects from a ground-faelt, the most common sbec-
mical bazand GFCT: datect difersnces in careat Sow batwesn
bet and neetral. They trip whea there is comet leskage —smch
s through 2 parson — of about § milliameares and thay act
within 140 of 2 second. Test 2 GFCT every time you nse it. It
omst “Trip” and it must “Rasat.”

2. EXTENSION CORD WIRES MUST BE HEAVY
ENOUGH for the amoust of current they will carmy. For
comstroction, they must be UL approved, have strain relied and a
3-promg grousding phng, ba durabls, 2=d e rated for kard or
wrma-hand wsaps.

o OVERHEAD POWER LINES CAN ETLL. Tee
thres pmajor ptheds of protection ars: madintrining 3 s dis-
amee, de-emergisng AND prounaieg Imes, hecing the powar
compamy install eularieg sleeves. Have a power compamy rop
oo tha site.

1. UNDERGROTUND POWER LINES CAN EILL.
Call badfoms you dig so locats all underground cables. Hand dig
within thres foot of cable location!

General Rules for Electrical Work

Nor-conductive FPE is essental for eleciricions. NO
METAL PPE! Class B hard hats provide the highest
level af proveciion against elecrical hagards, with
high-voltage shock and burm procecion (up fo 10,000
volis). Elecmical hagard, sqfeq-toe shoes are morcon-
ductive and will prevent the wearers' feet from com-
pleting an elecrical circuit fo the ground

EBe alert fo electrical hagards, especially when workimz
with ladders, seqffolds and ocher plogforms.

Never bypars elecirical prodeciive systems or devices.

Dizcomnect cord foels when not in use and when
changing hlades, bits or other accessories.

Tmspect all seals befors use.
Use ondy grounded extension cords.

Remove damaged tools and damared exfension cords
from use.

Epep workimg spaces and walkways elear of elscirical
conds.

RULES FOR TEMPORARY WIRING
AND LIGHTING

[se Gronnd Foult Cirenit fntermupiers (GFCTs) on all
15-Amp and 20-Amp t=mporary winng ciromts.

Proseet temperary fghts fom contact and damage.

Dr't suspend rempaorary lighss by cords, unless the
temparary light is so desizned

Condensed Electrical Glossary

AMPERE OR AMP: The unit of slectrical curnem {fow of
slocirons). @ Ono militamy () = 171,000 of 1 Amp.
CONDUCTORS: Masrals, such a: metals, in which alecti-
cal coreat can flow.

ELECTRICAL HATARDS cax rosult in various effects on
the body, incleding: ® SHOCEK - The physical sffacts camsed
by slectric curmant Howing in e body. ® ELECTROCUTION
— Elscmical shock or malated slectmical affect resultng in death *
BUENS — Otften occwring on the hands, tharmml dimags &
tissue can ko comsed by the fow of curvens I the bady, Ty aver-
hearing of impropsr or dansaged electrival compoments, oz by an.
e flash » FALLS — A common affect, sonwtimes caused by
tha bady's reaction to an electrical curment. A nos-fanl shock
may sometimes resilt in a fatal fall wien a pemon s working om
an alevamd surfacs.

EXPOSED LIVE FARTS: Ensrgived slectrical compoments
mot proparty enclowed in a box or otherwie folsted, sach that
worken cam touch them and bo shodied orkilled. Soma of the
common hasards incloede: mising knockouts, wmed opanings in
cahinets and missing covers. Covers mmst not bs removed from
wining or breaker boxes. Any meuing covers mrmt be replaced
with approved covarn.

INSULATORS: Mawrials with kigh slactrical resistanza, so
slocmical coreat can’t flow.

LOCEOUT TAGOUT: Ths common nams for an OSHA
standard, “The coniral of hazardows encrgy fockoss fSagow).
Lackews is a means. of controlizg snergy deming repoasns and
mariszancs of equipment, wharehy soergy souTces are de-
encrgized, 1sodated and then lecked our to pevent emadi st
wp of equipswent which would sndengar wockers. Lockour in-
chades —but is oot Hmited to — % control of slectrical ensagy.
Tapour e the placizg of waming tags to alart otber wozkers
to the presence of squipmant St kas been locked out. Tags
alozss DO WOT LOCE OUT squipment Tispewt i most gfective
when dene in addition fo lockout.

OHM or £3: The wit of elecorical resisiance (opposition to
curmant flowr).

OHAS LAW: A pathamatical sxprecsion of the mlationabip
among witage (volt), curres (amps) and resmamee (oo
‘Thhis is often coproused as- £ =Ix ./ In this cana, £ =volis, /=
anps and & = obms. (The equation, Amps = Veolts'Ohme, a5 med
in this curricubem, is ens forme of Ohee's L)

VOLT: The unit of clectromonve force fesf cansed by a dif
ference tn eleoocal charge or elecmical patennal batanan oze
podnt and anodher point. The presesce of veltaze & necessary
before currest can flow in 2 Sreud (i which curresr flows
from 3 source to a load — the squipesent using the slectricity —
and than back to it sourcs).

WET CONDITIONS: Fain, swsat, standing in 2 puddls — all
will decrsass the skin's electrical resistancs and incmeacs oot
Heowr through the body = the event of a shock. Have s qualified
elecirician mspect any electrical equipment that has setien
wet before emergizing it




Focus Four [Electrocution] Toolbox Talks 1:

What increases your risk of electrocution?

[Ask the following questions and give time for answers.]
What are the hazards? Bodily contact with electricity
What are the results? Shock, fire, burns, falls or death

What should we look for? Damaged equipment, faulty wiring, improper cord use, no GFCls, wet

conditions, reverse polarity, potential arc flash areas, lack of assured equipment grounding
conductor program

[Relate this incident or, better, one you know.]

Actual Incident: A 40-year-old male plumber died after lying on his work light while installing

plumbing under a house being remodeled. The victim was crawling under the house carrying the
work light with him. The wire inside the work light's conduit became bare and energized the light's
housing. Investigation of the incident showed a damaged work light was used with no GFCI. Also,
the home’s electrical system was not properly grounded.

[Ask the following question and ensure every item is covered.] ﬁsﬂﬂ-"
How do we prevent these results? |
O Inspect all electrical equipment before use.
o0 Use GFCI with all power tools. =
O Use intact and properly rated cords (i.e. correct AWG).
0 Do not use damaged equipment - take it out of service.
O Institute an assured equipment grounding conductor program.

o0 Do not work in wet conditions with electricity.

[Ask the following questions about this site and ensure every item is covered.]
Let's talk about this site now.
0 What factors increase your chance of being electrocuted?

o Can someone demonstrate how to inspect this tool for electrical
safety? (If possible, provide a tool)
o0 What are some areas on the site that could use attention pertaining
to electrical hazards?

[Record questions below that you want to ask about this site.]
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Focus Four [Electrocution] Toolbox Talks 2:
What protective devices and procedures can you use to

prevent electrocution?

[Ask the following questions and give time for answers.]
What are the hazards? Bodily contact with electricity due to faulty equipment, ungrounded or
damaged equipment, wet conditions, etc.

What are the results? Shock, fire, burns, falls or death

What should we look for? Proper training in using engineering controls (e.g. GFCls, proper
cords), assured equipment grounding conductor written program, electrical testing meters
[Relate this incident or, better, one you know.]

American Wire Gaugs [AWG) |

Actual Incident: A 29-year- old male welder was electrocuted and died Cord 5128 Handlas Up
when he contacted an energized receptacle end of an extension cord. TS = :;
It was found that the welding unit and cord were incompatible; TG zsampa
however, both the welding cord and extension cord were damaged TG 5 P
allowing them to be used together. The result was an ungrounded amps
system that killed a worker. #1E AWG 13 amps
[Ask the following question and ensure every item is covered.]
How do we prevent these results?

0 Inspect all electrical equipment before use.

0 Use GFCI with all power tools.

0 Use intact and properly-rated cords (i.e. correct AWG).

0 Do not use damaged equipment - take it out of service.

O Institute an assured equipment grounding conductor program.

0 Use testing meters, where appropriate, if you are trained to do so.
[Ask the following questions about this site and ensure every item is covered.]
Let’s talk about this site now.

0 Can someone explain how a GFCI works? (If possible, provide a

GFCl to use). \) Ly

0 Who has read this site’s assured equipment grounding conductor ’

program?
0 What are some of the requirements?

[Record questions below that you want to ask about this site.]

Reproduction of material produced under grant number SH-16591-07-06-F-11 from the Occupational Safety
and Health Administration, U.S. Department of Labor. It does not necessarily reflect the views or policies of
the U.S. Department of Labor, nor does mention of trade names, commercial products, or organizations
imply endorsement by the U.S. Government. Module 4, Electrocution Talk Number 2 [UOE National
Training Fund « 304.253.8674 « www.iuoeiettc.org



Focus Four [Electrocution] Toolbox Talks 3:

How can we prevent electrocutions while using power tools?

[Ask the following questions and give time for answers.]
What are the hazards? Bodily contact with electricity
What are the results? Shock, fire, burns, falls or death

What should we look for? Tools that aren’t double-insulated, damaged tools and
cords, incorrect cords, wet conditions, tools used improperly
[Relate this incident or, better, one you know.]

Actual Incident: A 45-year-old male electrician was electrocuted when he contacted

an energized 1/2” electric drill casing. The victim was working in wet conditions and
using a single insulated drill attached to damaged extensions cords run through water.

[Ask the following question and ensure every item is covered.]
How do we prevent these results?
0 Get proper training on manufacturers’ tool use and specs.
O Inspect tool before each use according to manufacturers’
instructions.
0 Do not use damaged tools, remove them from service.
0 Use only battery-powered tools in wet conditions.
o Use with GFCI.
0 Use with properly sized and intact cords.
[Ask the following questions about this site and ensure every item is covered.]
Let’s talk about this site now.
0 What can lead to an electrocution while using power tools? Non double-insulated tools,
damaged cord, wet conditions
0 Have you seen or used any defective power tool?
0 What should you do if you find a defective power tool?

[Record questions below that you want to ask about this site.]
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OSHA 2485

Electrical Safety

Electrical hazards can cause burns, shocdks and
electrocution (death).

Safety Tips

* Assume that all overhead wires are energized at
lethal voltages. Never assume that a wire is safe to
touch even if it is down or appears to be insulated.

* Never touch a fallen overhead power line. Call the
electric utility company to report fallen electrical
lines.

* Stay at least 10 feet (3 meters) away from overhead
wires during cleanup and other activities. If working
at heights or handling long objects, survey the area
before starting work for the presence of overhead
wires.

« If an overhead wire falls across your vehicle while
you are driving, stay inside the vehicle and contin-
ue to drive away from the line. If the engine stalls,
do not leave your vehicle. Warn people not to
touch the vehicle or the wire. Call or ask someaona
to call the local electric utility company and emer-
gency services.

« Mever operate electrical equiprment while you are
standing in water.

= Mever repair electrical cords or equipment unless
gualified and authorized.

* Have a qualified electrician inspect electrical equip-
ment that has gotten wet before energizing it.

+ If working in damp locations, inspect electric cords
and equipment to ensure that they are in good con-
dition and free of defects, and use a ground-fault
circuit interrupter (GFCI).

« Always use caution when working near electricity.

For more complete information:

Occupational
SI_IA Administration
Administration

LLS. Department of Labor
www.osha.gov  (800) 321-05HA
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