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1 Executive Summary

The facts are eye opening. An arc flash explosion
occurs between five and ten times a day somewhere
in the U.S.1 Up to 80% of all electrical injuries are
burns resulting from an arc flash and the resultant
ignition of flammable clothing.2 Electrical accidents
contribute to billions of dollars of lost property and
litigation related to injuries and loss of life.3

To reduce the potential for injuries or deaths from
arc flash incidents, the Occupational Safety and
Health  Administration @ (OSHA) has issued
regulations designed to promote workplace safety.4
Concurrently, the National Fire Protection
Association (NFPA) is working to “reduce the
worldwide burden of fire and other hazards on the
quality of life by providing and advocating consensus
codes and standards, research, training, and
education.”s Together, these two organizations are
setting the industry standard for regulations and
standard practices that influence workplace safety.

The industry has responded by designing safer
power systems, reducing worker exposure to arc
flash energy, and initiating Arc Flash Loss Protection
(AFLP) programs. This White Paper will discuss arc
flash loss prevention regulations and industry best
practices, the causes and effects of arc flash
hazards, the need for an AFLP Program, and the
steps necessary to implement an effective AFLP
Program.

2 Purpose of this White Paper

Most arc flash guidance materials available today
are written by the engineering community for the
engineering community. Yet, it is the middle and
upper managers, many of whom do not have
engineering or technical backgrounds, who are
responsible for making loss prevention decisions,
including those aimed at minimizing and
mitigating the risk associated with electrical
hazards in the workplace. Therefore, this white
paper is focused on those individuals accountable
for protecting their organizations from harm.

This white paper is designed to:

e Give middle and upper management an
executive level description of the details
surrounding arc flash and the industry’s best

Ihttp:/ /ecmweb.com/market/electric_arc_flash_safety/
2http:/ /www.optimation.us/arcflash.aspx

3 http://en/wikipedia.org/wiki/electric shock # shock
_effects

4 OSHA Code of Federal Regulations (CFR) 29, Section
1910.333 (a) (2)

5 NFPA 70E provides the tools and explanations to
employees so that they will walk away from an arc flash
incident unhurt.
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proven business practices. After reading this
paper and applying the knowledge gained to
his/her organization, executives should have the
confidence to begin the process of assigning the
right team and resources needed to develop the
methodology that best carries out a safety and
arc flash loss prevention program tailored to
their organizations.

e Provide the technical manager with a support
document that can be presented to upper
management along with his/her recommended
initiatives to improve corporate safety policies by
integrating an Arc Flash Loss Prevention (AFLP)
Program.

e Provide business leaders a quick reference
guide to the questions they may have involving
who is responsible (in the eyes of OSHA and the
judicial system), how to resource, how to control
cost and how to build a sustainable program
that can be monitored by a non-technical
manager.

e Equip risk managers with a methodology to
process a loss prevention program targeted to
exposure related to arc flash. This includes the
means to identify, evaluate, choose, implement,
monitor and manage a comprehensive program
that is sustainable and provides measureable
data that can be used to calculate best risk
management decisions.

e Caution on the use of “over-simplified” allowable
tables and charts the industry has developed to
establish arc flash protective measures. The
risks include controlling the cost of expensive
personal protective equipment (PPE) that may or
may not be needed and giving untrained workers
the false sense of confidence when working on
energized electrical equipment. The result is a
mismanaged safety program.

3 General Information

To better understand the need to protect electrical
workers from electric hazards, such as shock, arc-
flash, and arc-blast hazards, one must first
understand the impact of an arc flash. The following
section defines arc flash, lists causes, and details
the possible results of an arc flash incident.

3.1  Whatls an Arc Flash?

An arc flash is a hazardous arcing short circuit or
fault, potentially occurring anywhere in an electrical
system, phase-to-phase or phase-to-ground. The
arcing fault causes rapidly excessive heating of air
molecules, ionizes and vaporizes conductive metal
materials and generates a densely concentrated
blast of pressure formed by light and heat energy.


http://en/wikipedia.org/wiki/electric
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The arc flash blast can propel molten metal,
shrapnel, and tools through the air, potentially
knocking workers off of ladders and even launching
them across a room.®

3.2 What Causes an Arc Flash?

There can be numerous causes for an arc flash
incident. The most common are human error,
neglecting proper preventive maintenance, and an
improperly designed electrical system or legacy
equipment. The following details each of the above
causes:

e Human Error: An arc flash incident could occur
due to human error as a result of unsafe work
procedures. Most commonly, these mistakes are
made during maintenance activities and are
caused by mishandling a tool, wire, metal cover,
etc.

e Neglecting Proper Preventive Maintenance:
An arc flash incident could occur due to
neglecting preventive maintenance tasks and
activities. Proper preventive maintenance
should include:

= Checking for loose wiring and improperly
torqued electrical terminations;

= Cleaning and inspecting electrical equipment
to prevent the build-up of dust, dirt,
particles, debris or corrosion that could
become an arc conductor between live parts;

= Periodically testing and operating the
electrical equipment’s moving parts that are
designed to clear electrical faults;

= Adhering to NFPA 70-B Annex [ defined
maintenance intervals.

e Improperly Designed Electrical System or
Legacy Equipment: An arc flash incident could
occur due to an improperly designed electrical
system, incorrect electrical system modifications
and legacy electrical equipment.

3.3 What Are the Resulting Injuries from an
Arc Flash?

Between five and ten times a day an arc flash
explosion occurs in the United States, according to
CapSchell, Inc., a Chicago research company that
specializes in workplace accident prevention.

Injuries resulting from an arc flash are typical of an
explosion and may include flash burns, hearing loss,
vision loss, general trauma and death.

6 http:/ /en.wikipedia.org/wiki/arc_flash
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Proper personal protective equipment (PPE) is critical
to mitigating injuries. An arc flash incident has the
ability to melt man-made fibers to one’s skin. This
includes underwear and bras worn under Flame
Resistant (FR) clothing. Even FR clothing has an
ignition point. Only clothing tested to meet specific
calorie ratings can be trusted to withstand arc flash
incident energies per their ratings.”

Electrical dangers, including arc flashes, will always
be present on the job, but proper installations,
training, and safety strategies, processes and
procedures for operating and maintaining electrical
systems and equipment can minimize the likelihood
of injuries and fatalities.

3.4 What Are the Resulting Business
Consequences of an Arc Flash?

Arc flash incidents have numerous consequences
beyond the obvious, and most serious, which are
injury or death of an employee. Additional
consequences include:

e Damage to Equipment

e Business Disruption

e Increased Experience Modification Rate (EMR)
e OSHA Citations

e Litigation

e Bad Public Relations

3.5 Who Are the Authorities?

Effective August 31, 2007, the Occupational Safety
and Health Administration (OSHA) has provided
legal motivation to employers to protect from arc
flash hazards any personnel who install or maintain
electrical systems. The agency published a final
ruling in the Federal Register on February 14,
2007 that mandated new guidelines for equipment
design, equipment classification, electrical system
installation and electrical maintenance practices.

The mission for OSHA, part of the Department of
Human and Health Services, is “to assure the
safety and health of America's workers by setting
and enforcing standards; providing training,
outreach, and education; establishing partnerships;
and encouraging continual improvement in
workplace safety and health.” This makes OSHA the
nation’s preeminent enforcer of workplace safety
regulations.8

The National Fire Protection Association (NFPA),
established in 1896, serves as the world's leading

7 www.westexinc.com
8 www.osha.gov
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advocate of fire prevention and is an authoritative
source on public safety. In fact, the NFPA's 300
codes and standards influence every building,
process, service, design, and installation in the
United States, as well as many of those used in
other countries. The NFPA publishes both the NFPA
70 National Electrical Code (NEC) and the Standard
for Electrical Safety in the Workplaces (NFPA
70E). These publications are nationally recognized
as providing the industry’s acceptable standard
practices used by federal, state and local building
authorities to regulate safe electrical installation and
maintenance. The NFPA’s purpose is to “reduce the
worldwide burden of fire and other hazards on the
quality of life by providing and advocating consensus
codes and standards, research, training, and
education.”®

The NFPA routinely updates their publications which
allow local and state building authorities to adopt
these changes into their laws and ordinances.

OSHA’s previous update to its general-industry
electrical standard was in 1981 and its renewed
effort in 2007 adds multi-agency consistency, as it
aligns itself more closely with the 2000 edition of the
NFPA 70E-2000 and the 2002 edition of the NEC-
2002.

The American Society of Safety Engineers (ASSE)
represents 30,000 safety, health and environmental
professionals committed to safety in the workplace.
In a letter to OSHA in 2004, ASSE’s president wrote,
“It is appropriate to move forward with this revision,
given the seriousness of electrical hazards and the
fact that nearly 300 workers are killed each year
from contact with electrical current or as the result
of injuries caused by fires and explosions related to
electrical accidents.”

Guidelines recently published by the Institute of
Electrical and Electronics Engineers (IEEE), has
developed “IEEE Standard 1584, Guide for
Performing Arc Flash Hazardous Calculations.”
The purpose of IEEE 1584 is to:

“Provide techniques for designers and facility
operators to apply in determining the arc flash hazard
distance and the incident energy to which employees
could be exposed during their work on or near
electrical equipment.”10

The IEEE guide provides the means of identifying
and quantifying potential arc flash hazards so that
proper labeling and personal protective equipment
(PPE) can be selected.

9 “Guide to the Conduct of Participants in the NFPA Codes
and Standards Development Process,” November 2003.
www.nfpa.org. Retrieved May 24, 2008

10http:/ /grouper.ieee.org/groups/ 1584 /index.html
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The American National Standards Institute (ANSI) is
a non-profit organization that is the voice of U.S.
standards and conformity assessment system. Its
members are required to be accredited. The ANSI
mission is to:

“Enhance both the global competitiveness of U.S.
business and the U.S. quality of life by promoting and
facilitating voluntary consensus standards and
conformity assessment systems, and safeguarding
their integrity.”

The NFPA and IEEE are both members of ANSI.1!

The National Institute for Occupational Safety and
Health (NIOSH) is the federal agency responsible for
conducting research and making recommendations
for the prevention of work-related injury and illness.
NIOSH is part of the Centers for Disease Control
(CDC) in the Department of Health and Human
Services (DHHS). NIOSH includes research and
development for the Mine Safety and Health
Administration (MSHA). A separate agency from
OSHA, MSHA, part of DHHS, is the safety and health
inspection and enforcement agency for nation’s
mines includes coal, gravel, sand, stone, and metal
amongst others.

In 2007, NIOSH recognized arc flash as the most
common cause of electrical industry in the mining
workplace. Also in 2007, NIOSH published
“Understanding and Quantifying Arc Flash Hazards
in the Mining Industry.” In this paper, NIOSH
states:

“Arc flash hazards are an issue that has not yet been
effectively addressed in the mining industry, but
intervention strategies and techniques developed in
other industries over the last two decades can be
applied to help solve this problem. NFPA 7O0E,
Standard for Electrical Safety in the Workplace, is the
most comprehensive and widely used source for
recommendations on this topic.”12

4 Who Is Responsible?

In OSHA’s General Duty Clause and the Multiple-
Employer Citation Policy Section 5(a)(l) of the
Occupational Safety and Health Act, employers are
required to furnish their employees a place of
employment free from recognized hazards that cause
or are likely to cause death or serious physical harm
to the employees.13

In addition to the employers who directly employ the
exposed electrical workers, building owners,
property managers, facility managers and general
contractors have responsibility to the process as

11 http:/ /www.ansi.org
12 http:/ /www.cdc.gov/niosh /about/html
13 OSHA CFR 29 USC 654-200
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well. In response to the Associated Building
Contractors’ concerns on this subject, OSHA posted
on its website these definitions of the four employer
role categories: 14

e Exposing: This is an employer whose own
employees are exposed to the hazard.

e Creating: This is an employer who creates a
hazard to which a different employer’s
employees are exposed.

e Correcting: This is an employer who has been
brought in to specifically correct a hazard.

e Controlling: This is an employer with general
supervisory authority over the worksite with the
authority to have safety and health violations
corrected.15

5 “Thou Shall” - Says Who?

As stated earlier, OSHA regulations, effective August
31, 2007, mandate that employers shall protect
employees from electrical hazards. OSHA is clearly
the lead enforcer, and is supported by both the
NFPA 70E-2004 and NEC-2005.

OSHA'’s Standards and Enforcement Policies

In the United States, the Office of the Federal
Register (OFR) is the official archive of laws
published by Congress, presidential documents,
descriptions of federal agencies and the regulations
by which they govern.

OSHA’s mission, as pointed out previously is to
assure the safety and health of U.S. workers. The
agency’s governance includes both setting and
enforcing standards.

OSHA recorded its new electrical safety standards in
the Federal Register on February 14, 2007
(Department of Labor, OSHA, 29-CFR, Part 1910,
Electrical Standard, Final Rule). These standards
became enforceable on August 31, 2007.

In this government archive, OSHA states:

“The Occupational Safety and Health Administration
(OSHA) is revising the general industry electrical
installation standard found in Subpart S of 29 CFR
Part 1910. The Agency has determined that electrical
hazards in the workplace pose a significant risk of
injury or death to employees, and that the
requirements in the revised standard, which draw
heavily from the 2000 edition of the National Fire
Protection Association’s (NFPA) Electrical Safety
Requirements for Employee Workplaces (NFPA 70E),

4http: / /www.osha.gov/pls/oshaweb/owadisp.
show_document?p_table=news_releases&p_id=501
15 Tbid.
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and the 2002 edition of the National Electrical Code
(NEC), are reasonably necessary to provide protection
from these hazards. This final rule focuses on safety
in the design and installation of electric equipment in
the workplace. This revision will provide the first
update of the installation requirements in the general
industry electrical installation standard since 1981.
OSHA is also replacing the reference to the 1971 NEC
in the mandatory appendix to the general industry
powered platform standard found in Subpart F of 29
CFR Part 1910 with a reference to OSHA’s electrical
installation standard.”

(To view the latest NFPA and NEC regulations, visit
the NFPA website, http://www.nfpa70national
electricalcode.com.)

OSHA regulations state in 1910.333 (a) that workers
should not work on live equipment (greater than 50
volts) except for one of two reasons:

e If de-energizing introduces additional or
increased hazards such as the shutdown of
ventilation to a hazardous location, interruption
of life support equipment, or deactivation of
emergency alarm systems.

e If it is infeasible due to equipment design or
operational limitations such as when voltage
testing is required for diagnostics.

When it is necessary to work on energized
equipment, workers should follow safe work
practices including assessing the risks, wearing
proper PPE, and using the proper tools.

6 Published Compliance & Standards
Guidelines

The NFPA led diligently with IEEE to gather a true
consensus among other agencies, industry
associations and industry organizations to create
with accreditation from ANSI compliance standards
and guidelines to improve and mitigate hazards in
the workplace surrounding arc flash.

The NFPA’s current industry standards publications
referencing arc flash protection practices include:

e How to Warn and Label: NEC-2002; and

e How to Implement Work Practices: NFPA 70E-
2004.

(For a complete understanding and a review of the
NFPA 70E, visit the NFPA web site at
http:// www.nfpa.org/ aboutthecodes/AboutTheCode
s.asp?DocNum=70E.)

The following subsections of that code detail the
scope of information provided by the NFPA:


http://www.nfpa70/
http://www.nfpa.org/aboutthecodes/AboutTheCodes.asp?DocNum=70E
http://www.nfpa.org/aboutthecodes/AboutTheCodes.asp?DocNum=70E
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6.1 Warning & Labeling: NEC-2002

NEC-2002, 2005, 2008 Article 110.16, covering the
provision for flash protection, states that electrical
equipment  “likely to  require examination,
adjustment, servicing, or maintenance while
energized shall be field marked to warn qualified
persons of potential electric arc flash hazards.” It
makes reference in FPN No.1 to NFPA 70E-2000 that
provides the associated work practices and is
described below. The article makes reference in FPN
No. 2 to the ANSI Z535.4-1998 specification that
provides the industry’s recognized standard for
product safety signs and warning labels.

Note: Even though OSHA references NEC-2002 in its
revisions to Subpart S of 29 CFR Part 1910, the
governing regulations were developed specifically to
minimize the need for revision as new standards to
the NEC are released. Therefore, to date, NEC 2008
is the recommended standard to follow.

6.2 Implementing the Work Practices: NFPA
70E-2004

This standard provides guidance on implementing
appropriate work practices required to safeguard
workers from injury while working on or near
exposed electrical conductors or circuit parts that
could become energized. Some requirements of NFPA
70E-2004 include:

e Equipment must be placed in a safe working
condition;

e Personal Protective Equipment (PPE) must be
worn when work is conducted within a flash
protection boundary. This work includes
lockout/tagout, testing, and inspecting visual
breaks within flash boundaries of energized
equipment; and

e Facility owners are required to perform a flash
hazard analysis prior to allowing a worker to
work on energized equipment. This is necessary
for determining the flash protection boundary
and type of PPE required.

Note: Even though OSHA references NFPA 70E-2000
in its revisions to Subpart S of 29 CFR Part 1910,
the governing regulations were developed specifically
to minimize the need for revision as new standards
from the NFPA are released. Therefore, to date, the
NFPA 70E-2004 is the current consensus standard
to follow in the industry.

7 CAUTION: Using Simplified Tables &
IEEE Standard 1584 Charts

It is best practice and is always recommended that
workers follow de-energized lockout/tagout safety
procedures while working on electrical equipment.
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However, when workers must work on energized
electrical equipment, they must be qualified to do so,
be made aware of the hazards and follow proper
work practices as described in NFPA 70E. This
includes wearing proper personal protective
equipment (PPE). 16

This section addresses the concern with using the
published tables. These charts allow for simplified
analysis techniques to determine the required arc
flash PPE based on IEEE Standard 1584.

IEEE states that:

“While the method does not exactly calculate incident
energy levels and flash protection boundaries at the
buses under consideration, it does allow for an
accurate determination of required PPE levels and
maximum flash-protection boundary distances.”

Using this technique could create the environment
for the following:

e Restrictive Safety Equipment: For example,
Category 4 PPE is a full suit with hood that is
restrictive. Working in a Category 4 suit is very
slow, time consuming, and air flow restrictive. A
Category 4 suit also limits the field of vision and
does not allow reasonable dexterity on complex
work. Having to default to maximum flash-
protection boundaries could make the use of the
required PPE unreasonable and increase the
likelihood of human error.

e Mismanaged Safety Program: The same
discipline that seeks simplicity may roll into
expensive purchase orders for PPE, improper
inventory  control, improper  use, and
documentation control; i.e. permitting for
energized work.

e False Sense of Security: Any part of the safety
program can put untrained workers and others
at risk by misinterpreting the PPE as “maximum
protection” when, in this instance,
lockout/tagout procedures would provide the
adequate protection.

It is important to understand the organizations’ real
electrical arc flash hazards and to create a culture
that focuses on the true seriousness of an arc flash.
Misapplication creates unforeseen hazards that can
lead to loss and elevated costs.

8 Here Is How — An Arc Flash Loss
Prevention (AFLP) Program

OSHA has provided the legal motivation for an AFLP
program by setting and enforcing new arc flash

16. NFPA 70E, 2004 EDITION, Ray A. Jones, page 25,
section 130.3 (B)



M.C. DEAN, INC. WHITE PAPER

protection regulations. Additionally, the NFPA
established some reference guidelines and
recommendations to identify and implement an arc
flash protection strategy/program. Finally, the
electrical engineering community has developed
recommended products and professional services to
implement arc flash protection. Unfortunately, too
often due to poor execution and application of these
services and products, an organization is exposed to
the risk of an incident, OSHA fines, and damaged
reputation.

8.1 Risk Management Applied

A serious gap exists in most arc flash programs
today. These programs are not sustainable unless
there is a process that assures:

e Complete List of Electrical Assets
e Risk Assessment

e Hazards are Identified & Labeled
e Established Processes

e Trained Personnel

e Document Control

e Management Controls

e Reviewed & Updated

This section 8.0 specifically addresses the necessary
steps to build a sustainable Arc Flash Loss
Prevention (AFLP) Program and gives information
that risk managers and others can use. Some major
areas commonly missed include:

e Identifying: Discovering the complete electrical
system, including the intent of the engineered
design, system changes, and any unforeseen
electrical arc flash hazards that may exist in the
electrical system.

e Evaluating: Assessing the potential frequency
and severity of risk associated with each
electrical system asset discovered by performing
a site specific engineered arc flash analysis,
documenting each electrical asset to its level of
risk and labeling it accordingly in the field.

e Quantifying: Equipping risk management with
the ability to quantify the number of electrical
assets by severity and the frequency by which
personnel are exposed to the risk of arc flash.
With this information, risk management can
decide the emphasis to place on loss control
measures to avoid, retain and/or insure the
risk associated with arc flash.

e Developing & Controlling Process: Assuring
that OSHA’s and NFPA’s regulations and
recommended work practices are properly
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integrated to the organization’s work flow
processes. This includes work ticket initiation,
work practices in the field, field documentation,
work history logging and safety program
enforcement.

e Training: Assuring that program consistency is
accomplished with an ongoing training program
that is integrated into the corporate safety
program process. This includes initial employee
training, new employee orientation, employee
scheduled refresher training, outside
contractor/vendor compliance training and
AFLP program updates.

e Protecting: Establishing a program to identify
proper types and inventory of Personal
Protection (PPE) is readily available for use, is
properly being applied, and is routinely
inspected to assure it’s protective reliability.

e Controlling Cost: Developing a measured
approach to spending money on expensive PPE.
Haphazardly buying equipment just for show is
expensive and creates hazards in itself by giving
a false sense of security putting workers in
harms way when they don’t even realize it.

e Documenting: Assuring that the organization is
ready for an OSHA audit that could occur
unannounced without an incident or as a follow-
up behind one. OSHA is pretty straight forward:
“If it’s not documented, it didn’t happen.” An
AFLP Program assures the documentation
process properly occurs to show training, work
processes, engineering updates and electrical
asset identification updates.

o Reviewing & Updating: Any sustainable
process has a method to track, evaluate and
improve. A sustainable AFLP is no different and
should place the controls in the hands of
management.

An Arc Flash Loss Prevention (AFLP) Program goes
beyond an Arc Flash Analysis and Arc Flash Study.
A site-specific engineered analysis and study are
critical pieces. However, an AFLP Program is a
commitment to safety for zero accidents by a
comprehensive process that assures sustainability
by incorporating discovery, engineering,
identification, reporting, administrative planning,
training, field execution, documentation control,
program review, and annual program updates. These
are the elements that answer the question: “What
happens when...?”

8.2 Arc Flash Loss Prevention (AFLP)
Program

An effective AFLP Program is not something that can
be created and then ignored. The true value of an
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AFLP Program can only be determined after it has
been implemented and the long term reduction in
arc flash incidents documented. This requires a
program that continually evolves as equipment and
technology evolve and as personnel come into and
out of the program. To accomplish this, the program
must be viewed as cyclical with each step in the
lifecycle of the program. New information must be
incorporated to ensure the safety of the workers is
paramount and uncompromised. Figure 1,
presented in the Appendix, illustrates the AFLP
Program lifecycle and highlights the interdependency
of each of six steps involved in the process. These
six steps are described in detailed below.

8.2.1 Discovery & Engineering

AFLP Program discovery initially involves gathering
pre-existing engineering data. For a new
construction project, the data is pulled from the
design and construction drawings. Existing facilities
will require site visits to verify the engineering data
and drawings (to the extent that such exist). AFLP
Program discovery also includes interviews,
historical failures and fault data collection, and data
gathering on the facilities’ department operating
process associated with issuing and maintaining
records that involve work tickets / purchase orders
for electrical maintenance activities.

AFLP Program engineering and analysis derived from
the discovery details will result in updated risk
assessments, recommended system improvements
(risk/reward notes), engineered and design improve
coordination studies, and updated electrical
diagrams.

8.2.2 Identification & Documentation

Each electrical asset must be labeled and identified
with a warning label that meets the ANSI Z535.4-
1998 specification per the reference in NEC-2002 or
later revision.

AFLP  Program  submittals should include
accumulated data wused for risk assessments,
electrical asset inventory list, arc flash category
results, engineered drawings, TCC curves, breakers
and fuses, set points, and copies of labels.

8.2.3 Program Preparation & Administration

Key elements of program administration include:

e Listing staff responsibilities and documenting
the AFLP Program process for internal
coordination;

e Creating the AFLP Program document designed
for electrical asset control;
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e Initiating Personal Protective Equipment (PPE)
selection. PPE inventory levels should be based
on the probability of use, AFLP Program category
classification, number of personnel, size, voltage
classes, boundary levels; and

e Initiating the AFLP Program  Standard
Operational Procedure manual submission
tailored to the specific facility. This manual
shall be wupdated annually and cataloged
accordingly.

8.24  Program Training & Certification

To ensure that an AFLP Program remains in
compliance, one must invest in certified AFLP
Program training for its personnel. This includes:

e Providing administrative staff AFLP Program
training for personnel who approve and issue
work  tickets, coordinate  with  outside
contractors, and maintain activities logs.

e Providing field worker certified AFLP Program
training to “qualify” personnel to work on the
facility’s electrical system. This includes initial
startup, ongoing and new employee training, as
well as the methodology used to train outside
contractors.

8.2.5 Field Execution & Document Control

Field execution and document control are essential
elements of an AFLP Program. They include:

e Integrating AFLP Program methods into internal
maintenance work tickets, change control and
service history records.

e Integrating AFLP Program methods into external
service providers such as outside contractors.
These include credentialing, control of scope of
work, change control, and as-built
documentation.

8.2.6 Program Review & Update

On a quarterly or bi-annual basis, depending on the
complexity and history of the program, it is
important to review the previous period’s experience
and activities. This includes interviews with field
personnel, staff and management. It also includes a
review of field documentation and field inspection
(visual) for accurate records, logs, and electrical
system modifications that need to be labeled and
classified.

On an annual basis, all the maintenance records,
interviews and system modifications should be
reviewed and records updated. From this activity,
the newly updated annual AFLP Program Standard
Operating Procedural manual shall be put into use
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along with wupdated engineering drawings and
records.

An effective AFLP Program includes more than the
initial electrical engineering arc flash analysis that
many professional service companies are performing
today. Establishing a comprehensive program that
is sustainable is a much more complex undertaking.
It includes creating the checks and balances that
assure program continuity. The six-step AFLP
Program process, which is both proven and tested,
helps avoid accidents, reduces risk and provides
responsible document control as proof that the
program is in compliance with OSHA and the NFPA.

9 Choosing the Right AFLP Partner —
Selection Criteria

Selecting an AFLP Program facilitating partner is an
important step in creating an AFLP Program.
Critical evaluation factors include:

e Engineering capabilities,

e Employment of certified safety officers,

e Experience and specific industry expert is,
e Software capabilities, and

e Customer service and support.

An AFLP Program facilitating partner should be
credentialed in programs similar to the program that
is best suited to the facility. Important factors to
consider include:

e Selecting an electrical engineering firm that is
trustworthy, developed  specific industry
expertise and has experience in the specific type
of operation, facility and safety requirements
needed.

e Asking the AFLP Program firm for the resumes of
individuals who will work on the project. This
should include engineers, electricians and safety
officers.

e Asking for a discovery safety plan and making
sure the partnering firm is trained in NFPA 70E.

e Obtaining sample deliverables that include
engineering calculations and reports, warning
labels, operating procedures, etc.

e Ensuring that the firm has engineers,
electricians and safety officers on staff. One
should avoid firms that subcontract some of
their services. This outsourcing may show
either inexperience in specific areas or inability
to properly resource.

e Asking the AFLP Program firm for references for
similar jobs (scope, complexity, etc.)
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e Asking the AFLP Program firm partner to
guarantee its reporting and submissions will be
reviewed and signed by a professional engineer
(P.E))

The leading engineering organizations will use arc
flash analysis software to perform their arc flash
studies. Some software is not electrical system wide
verified and validated for arc flash application and of
limited value because it is specialized for specific
equipment manufacturers. The real value of the
software is an electrical system-wide verified and
validated program, which adheres to NFPA and IEEE
pertinent standards, and is supported by the
equipment inventory technical library used for short
circuit, load flow and coordination studies.

Engineering accuracy, efficiency, being able to
perform the proper analytics and providing the
information needed to make solid electrical system
recommendations are critical. It takes an un-biased
technical catalog to do so. When reviewing arc flash
analysis software, it is critical to understand the
software’s limitations. It is also critical that the
AFLP partnering firm understands:

e OSHA’s newest requirements in 29 CFR Part
1910 Subpart S,

e NFPA 70E-2004 standards,
e IEEE 1584, and
e NEC-2008 standards.

A professional AFLP Program firm must be able to
create engineering records and one-line electrical
diagrams with incident energy levels and arc flash
boundaries.

9.1 Training and Program Reviews by Certified
Safety Officers

An AFLP Program firm must have a professional
safety program, which supports the commitment to
safety for zero accidents. The AFLP Program firm
shall produce resumes that show the proposed
safety professionals who will work on the program
have the proper credentials and a demonstrated
commitment to safety for zero accidents. Those
credentials should come from two of the nation’s top
safety credentialing organizations are the Board of
Certified Safety Professionals (BCSP) and the
American Society of Safety Engineers (ASSE).

The AFLP Program firm’s safety officers shall have
the knowledge and experience to train personnel on
NFPA 70E, lockout /tagout, OSHA penalties, the
limitations of “unqualified” workers, identifying
energized components, and determining equipment
voltage classes.

10
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9.2 Customer Service and Support

The AFLP Program firm shall understand the electric
utility’s configuration, short circuit capability and
the available fault currents entering the facility. The
ability to access accurate data from the electric
utility is critical to ensuring all of the calculations
fundamentally align.

The AFLP Program provider must be experienced
and have the capability to create recommendations
and options to mitigate and lower the risks
associated with arc flash for both the proposed (new)
or existing installation. These recommendations, as
stated in the Potential Mitigation Techniques
Overview in the Appendix, may include changes to
the types of overcurrent protection, selectivity of
settings for different settings between operation and
maintenance, corrective adjustments and other
recommendations that could reduce or eliminate arc
flash hazards. (An additional benefit of reducing or
eliminating hazards is to downsize the arc flash
category, which reduces the PPE cal/cm?2
requirements.) Any recommendations made by the
AFLP Program provider shall include a scope and
budget.

10 Conclusion

Electrical dangers, including arc flash will always be
present on the job, but with proper designs,
installations, processes, procedures, training, and
safety strategies/programs, the likelihood of arc
flash can be minimized and thus injuries and
fatalities can be prevented. The cornerstone of any
strategy to reduce arc flash hazards is a properly
defined, implemented and administrated Arc Flash
Loss Protection Program.

11 Definition of Terms

Certain words and phrases are specific to any
discussion of arc flash hazards and are, therefore,
vital to wunderstanding the OSHA and NFPA
regulations and guidelines.

Arc Flash Boundaries

The three classifications of arc flash boundaries are
1) Limited Approach, 2) Restricted Approach, and 3)
Prohibited = Approach. These boundaries are
distances determined from the potential origination
source of the arcing fault which produces 1.2
calories/cm?2 incident energy.

Figure 2, provided in the Appendix, illustrates the
distance for each boundary from the potential
origination point of the arc flash. Note: This is equal
to holding your finger over the tip of a flame from a
common household lighter for one second.

The following are descriptions of each boundary.
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e Limited Approach Boundary: The boundary
around exposed, live parts that may not be
crossed by “unqualified” person(s) unless
accompanied by a “qualified” person(s).

o Restricted Approach Boundary: The boundary
that marks the area from exposed energized
“live” parts that may be crossed only by
“qualified” persons wusing appropriate shock
prevention techniques and equipment.

e Prohibited Approach Boundary: The boundary
that marks the area from exposed energized
“live” parts that may be crossed only by
“qualified” persons using the same type of
protection as if direct contact with live parts is
planned.

(See Table 1 for detailed distances for Approach
Boundaries to Live Parts/or Shock Protection.)

Arcing Time

Arcing time is the amount of time that the arc flash
incident has the potential to last depending on the
electrical system’s settings of the upstream
overcurrent protective devices.

Calorie

A calorie is a unit of measure for the amount of
energy required to raise one gram of water one
degree Celsius at one atmosphere. Second degree
burns occur at 1.2 calories per centimeter squared
per second.

Distance

The distance an individual is from an arc flash
originating source. In more sophisticated electrical
systems, equipment manufacturers have begun
using remote operating equipment, circuit breaker
racking, and other means to place distance between
personnel and potential arc flash sources.

Fault Current

Fault current is the abnormal flow of electrical
current due to an electrical fault condition.
Overcurrent devices (i.e. circuit breakers, fuses, etc.)
are designed in electrical systems to protect
electrical circuits from too much current flow. They
work by interrupting fault currents. The method of
protection is commonly known as “tripping a
breaker” or “blowing a fuse.” If a circuit is to be
properly protected, the fault current must be high
enough to operate the primary protective device
within as short a time as possible. Also, the
protective device must be able to withstand the fault
current and extinguish internally any resulting arcs
without sustaining the external arc for any
significant length of time.

1"
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Flash Hazard

A dangerous condition associated with the release of
energy caused by an electric arc.

Hazard / Risk Category

The hazard/risk category is the danger level of the
potential arc flash incident. The category ratings
range from O to 4. Category O represents little or no
risk and Category 4 represents the greatest risk.
Table 2, provided in the Appendix, shows the types
of PPE needed for each category.

Determining the actions once a hazard is identified
is the key. (See Figure 3, a flow chart that outlines
the evaluation procedure for Hazard /Risk Analysis.)

Qualified Worker

A qualified worker is defined as an individual who
has received documented training in the hazards of
working on energized equipment in general, and has
been trained in the hazards of the particular
equipment being serviced. Training must include
the necessary information to protect him or herself
from arc flash hazards including the use of proper
procedures and the application of PPE.

12 Frequently Asked Questions

When it comes to understanding the importance of
an AFLP Program and how an arc flash can impact
an organization, people ask a lot of questions. This
section answers those most frequently asked
questions.

Why is a flash hazard analysis necessary?

First, the NFPA 70E-2004 requires facility owners to
perform a flash hazard analysis prior to allowing a
worker to work on energized equipment. This
analysis is necessary to determine the flash
protection boundaries and the type of PPE that must
be worn.

How long does an Arc Flash analysis take?

It obviously depends on the size of the plant. The
analysis requires inspections of all electrical bus’s
nameplate data, conduit type, length and feeder type
(AL or CU). The typical site should take, on average,
45 minutes per bus. 17

What if one only wants to do an arc flash
analysis?

An arc flash analysis is a good first step. An ongoing
program with training, procedures, checks and
balances, and documentation offers much greater
risk reduction.

17 Timeframe based on actual Arc Flash analyses
conducted by M.C. Dean, Inc.
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If an organization always subcontracts its
electrical work when energized work needs to be
performed, isn’t the subcontractor accountable,
thus no need for an Arc Hazard Study?

Yes. The subcontractor is accountable for
understanding the incident energy level, and the
building owner is accountable for ensuring a safe
work environment. If an accident occurs, OSHA will
fine the building owner and will still consider the
building owner at fault.

If an employee from an outside company is
injured while working on electrical equipment, is
the organization that hired the outside company
liable for damages?

Yes. According to OSHA, employers must ensure
safe work environments for ALL who come in contact
with electrical equipment.

What is an AFLP program?

AFLP stands for Arc Flash Loss Protection. An AFLP
Program is a comprehensive process that assures
complete program sustainability. Components
include discover, engineering, identification,
reporting, administrative planning, training, field
execution, documentation control, program review
and annual program updates.

Why should an AFLP program be sustainable?

A true Arc Flash Loss Prevention Program must be
ongoing, not just analyzing or testing equipment. An
organization needs a comprehensive AFLP program
PLUS one that sets up training programs for new
employees, updates documentation and reports and
constantly works to reduce risks and accidents.

If an arc flash occurs and an organization doesn’t
have an AFLP Program in place, what can
happen?

Besides the risk of someone being terribly injured,
burned, disfigured or even killed, an organization
will also face fines from OSHA, the possibility of
litigation, damaged reputation and a public relations
nightmare. The risks of an arc flash are too great not
to implement an AFLP Program.

Can an AFLP program be tailored specifically to
an organization?

Yes. An engineering firm that is an expert in AFLP
will know how to determine a facility’s needs and
understand processes, budgets, staff resources and
infrastructure.

Will an AFLP program prevent all electrical
accidents from happening?

Although the possibility of an electrical accident,
including arc flashes, will always be present on the
job, proper design, installation, training and safety

12
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strategies/programs can minimize the likelihood of
those accidents and prevent injuries and fatalities.

What is PPE and when is it required?

PPE stands for Personal Protection Equipment used
to safeguard employees who work on electrical
equipment. PPE must be worn when work is
conducted within flash protection boundaries, such
as lockout/tagout, testing and inspecting visual
breaks.
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15 Appendix: Overviews, Tables and lllustrations

15.1 Overview — Potential Mitigation Techniques

The magnitude of the arc flash hazard depends upon
several parameters, such as voltage, arcing distance
or gap, short-circuit current or arcing current,
grounding, and most directly by fault clearing times.
The arc flash hazard zone could be viewed as that
level created between isolation devices.

Therefore, the incoming section of switchgear would
most likely have a higher arc flash hazard than the
downstream sections of the bus on a properly
coordinated system and thus the incoming sections
of switchgear could require a higher level of PPE
than downstream sections of the same switchgear.

The type, location, and quantity of isolation devices
as well as the fault clearing times are primary
parameters to lower arc flash hazards to within
manageable levels. Although there are many
important parameters, such as system reliability and
process requirements that frequently will require
significant energy and the desire to avoid a sensitive
or premature trip setting, the use of the following
designs represents potential mitigation techniques:
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Current limiting devices, fuses, reactors, use of
multiple smaller kVA sources with increased
isolation devices

Faster arc clearing times, ground fault
protection, enhanced and more sophisticated
multifunctional relaying

Multiple zone and / or selective zone relay
protection

Light sensing protective devices to detect and
isolate, or even apply crowbar circuit to collapse
the arc

Use of an insulated, isolated and
compartmentalized bus to prevent the spread of
the arc

Remote racking/operating devices to increase
distance between arc and personnel.

Maintenance mode switches that provide faster
clearing set points with possible sacrifice in
coordination during maintenance activities.
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15.2 Figure 1 — Arc Flash Loss Prevention (AFLP) Lifecycle
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15.3 Figure 2 — Boundary Approach Diagram*

Arc Flash Boundaries

Exposed, Energized
Electrical Conductor
or Circuit Part

Prohibited
AV Approach

Restricted
Approach

Limited
Approach

*2004 Handbook for Electrical Safety in the Workplace

©M.C. Dean, 2008 18



M.C. DEAN, INC. WHITE PAPER

15.4 Table 1: Approach Boundaries

Approach Boundaries to Live Parts/or Shock Protection*

(All dimensions are distance/rom live part to employee.)

€))

Nominal System
Voltage Range,
Phase to Phase

Less than 50

50 to 300

301 to 750

751 to 15 kV

15.1 kV to 36 kV

36.1 kV to 46 kV

46.1 kV to 72.5 kV

72.6 kV to 121 kV

138 kV to 145 kV

161 kV to 169 kV

230 kV to 242 kV

345 kV to 362 kV

500 kV to 550 kV

765 kV to 800 kV

@)

3

Limited Approach Boundary

Exposed Movable

Conductor

Not Specified
3.05m (10 ft 0 in.)
3.05m (10 ft 0 in.)

3.05m (10 ft 0 in.)

3.05m (10 ft 0 in.)
3.05m (10 ft 0 in.)
3.05m (10 ft 0 in.)
3.25m (10 ft 8 in.)
3.36 m (11 ft 0 in.)
3.56 m (11 ft 8 in.)
3.97m (13 ft 0 in.)
4.68 m (15ft4 in.)
58 m (19 ft 0 in.)
7.24 m (23 ft 9 in.)

Exposed Fixed
Circuit Part

Not Specified
1.07 m (3ft 6 in.)
1.07 m (3 ft 6in.)

1.53 m (5 ft 0 in.)

1.83 m (6 ft 0 in.)
244 m (8ft0in.)
244 m (8ft0in.)
244 m (8ft0in.)
3.05m (10 ft 0 in.)
3.56 m (11 ft 8 in.)
3.97m (13 ft 0 in.)
4.68 m (15ft4 in.)
58m (19 ft 0in.)
7.24 m (23 ft 9 in.)

*2004 Handbook for Electrical Safety in the Workplace
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C)

Restricted
Approach
Boundary

Includes
Inadvertent
Movement Adder

Not Specified
Avoid contact
304.8 rom (I ft 0 in.)
660.4 rom (2 ft2 in.)

787.4 mm (2 ft 7 in.)
838.2 mm (2 ft 9 in.)
965.2 rom (3 ft 2 in.)

991 rom (3 ft 3 in.)
1.093 m (3 ft 7 in.)
122 m (4 ft 0 in.)
1.6 m (5 ft 3in.)
259 m (8 ft6in.)
3.43m (11 ft 3in.)
4.55m (14 ft 11 in.)

Establishing an Arc Flash Loss Prevention Program

)

Prohibited
Approach
Boundary

Not Specified

Avoid contact

25.4 rom (0 ft 1 in.)

177.8 rom (0 ft 7 in.)

254 mm (0 ft 10 in.)

431.8 rom (I ft 5in.)

635 rom (2 ft 1in.)

812.8 rom (2 ft 8 in.)

939.8 mm (3 ft 1 in.)

1.07 m (3 ft 6 in.)

1.45m (4 ft 9 in.)

2.44m (8 ft 0 in.)

3.28m (10 ft 9 in.)

4.4m (14 ft5in.)
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15.5 Table 2: PPE/Arc Rating Table*

Category ' ’ Arc Rating
LITTLE OR NO RISK:
0 One layer of untreated natural cal/cm?
fiber clothing.
1 Fire-resistant shirt and pants. 4 calfom?
One total layer.
5 Fire-resistant shirt and pants. 8 cal/iom?
One total layer.
3 Fire-resistant shirt and pants. 25 callem?
One total layer.
GREATEST RISK:
4 Category 2 + multilayer flash 40 cal/cm?
suit. Four total layers.

*Table based on NFPA 70E-2004

©M.C. Dean, 2008
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15.6 Figure 3 — Hazard/Risk Analysis Flow Chart*

Hazard/Risk Analysis Evaluation

Procedure Flow Chart

Does task involve exposure to NO Work class is Consider all other
Energized electric components |__g | ‘electrically non » | hazards such as stored
with voltage greater than 50 hazardous" ¥ lenergy, stability, chemical
volts to ground? exposure, etc.
¢YES
Voltage is| NO Is voltage greater YES |Voltage is
Level 2. - than 300 volts, Level 1.
phase to phase
or + to-7?
NO | Does task involve high energy | YES| Energy
circuits inside the flash zone —P | levelis
dimension? Ihigh-
NC’_ Is there intentional contact of YES Is the task only to YES | Work class
test instruments, or tools with > measure or sense > =
exposed energized conductors or voltage including using “diagnostic.”
circuit parts? i 7
¥+ NO
NO Is the task removing energized fuses,

installing or removing insulating barriers on
energized electrical conductors or circuit
parts, or working on stationary batteries.

v NO YES

Is the task intended to " b
meodify, remove, or install any

components including
Select required procedures and
personal protection equipment.

jumpering and lifting leads?

Work class | g
is "repair.”
v

‘ Is there potential for disturbing the |

electrical field, such as by cleaning?

'

Are the approach distances used while JES_, Is the task only YES Work class
jperforming the task less than the required to remotely s
approach distances? (See __| Itage? "diagnostic.”
Table 1 of this WH Paper for d ) NO Sonso Nooges
NO
Y
YES
Is the task only to -
measure current
v * v with a
YES clamp-on ammeter?
Are additional safeguards
required to limit employee NO
exposure to electrical l
shock, arc flash burns, or = YES
arc blasts? Is the task removing {0
or installing =
insulating barriers
¢ NO near energized
components?
Is the energy level high E
and is the task opening i NO
doors or removing
covers for observation Work class
only. is
¢ NO "restricted."”
b, 4 * v
Work class is Work class
"electrically non is Select required procedures
hazardous.” "limited." and personal protective
l l equipment.
Consider all other hazards ‘ Select required procedures
such as stored energy, and personal equipment.
stability, ct i e,
etc.
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