Provided by : www.spic.ir

INFORMATIVE ANNEX A

Informative Annex A Referenced Publications

A.1 General. This informative annex is not part of the
requirements of this document and is included for informa-
tion only. To the extent the documents or portions thereof
listed in this informative annex are referenced within this
standard, those documents are to be considered part of the
requirements of this document in the section and manner in
which they are referenced.

A.2 NFPA Publications. National Fire Protection Asso-
ciation, 1 Batterymarch Park, Quincy, MA 02169-7471.
NFPA 70®, National Electrical Code®, 2014 edition.

A.3 Other Publications.

A.3.1 ANSI Publications. American National Standards
Institute, Inc., 25 West 43rd Street, 4th Floor, New York,
NY 10036.

ANSI/ASC Al4.1, American National Standard for
Ladders — Wood — Safety Requirements, 2007.

ANSI/ASC A14.3, American National Standard for
Ladders — Fixed — Safety Requirements, 2008.

ANSI/ASC A14.4, American National Standard Safety
Requirements for Job-Made Ladders, 2009.

ANSI/ASC Al14.5, American National Standard for
Ladders — Portable Reinforced — Safety Requirements,
2007.

ANSI Z87.1, Practice for Occupational and Educa-
tional Eye and Face Protection, 2010.

ANSI Z89.1, Requirements for Protective Headwear for
Industrial Workers, 2009.

ANSI 7535, Series of Standards for Safety Signs and
Tags, 2011.

A.3.2 ASTM Publications. ASTM International, 100
Barr Harbor Drive, P.O Box C700, West Conshohocken, PA
19428-2959.

ASTM D120, Standard Specification for Rubber Insu-
lating Gloves, 2009.

ASTM D1048, Standard Specification for Rubber Insu-
lating Blankets, 2012.

ASTM D1049, Standard Specification for Rubber Cov-
ers, 1998 (R 2010).

ASTM D1050, Standard Specification for Rubber Insu-
lating Line Hoses, 2005 (R 2011).

ASTM D1051, Standard Specification for Rubber Insu-
lating Sleeves, 2008.

ASTM F478, Standard Specification for In-Service
Care of Insulating Line Hose and Covers, 2009.
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ASTM F479, Standard Specification for In-Service
Care of Insulating Blankets, 2006 (R 2011).

ASTM F496, Standard Specification for In-Service
Care of Insulating Gloves and Sleeves, 2008.

ASTM F696, Standard Specification for Leather Pro-
tectors for Rubber Insulating Gloves and Mittens, 2006 (R
2011).

ASTM F711, Standard Specification for Fiberglass-
Reinforced Plastic (FRP) Rod and Tube Used in Live Line
Tools, 2002 (R 2007).

ASTM F712, Standard Test Methods and Specifications
for Electrically Insulating Plastic Guard Equipment for
Protection of Workers, 2006 (R 2011).

ASTM F855, Standard Specification for Temporary
Protective Grounds to Be Used on De-energized Electric
Power Lines and Equipment, 2009.

ASTM F887, Standard Specification for Personal
Climbing Equipment, 2011.

ASTM Fl1116, Standard Test Method for Determining
Dielectric Strength of Dielectric Footwear, 2003 (R 2008).

ASTM F1117, Standard Specification for Dielectric
Footwear, 2003 (R 2008).

ASTM F1236, Standard Guide for Visual Inspection of
Electrical Protective Rubber Products, 1996 (R 2012).

ASTM F1296, Standard Guide for Evaluating Chemi-
cal Protective Clothing, 2008.

ASTM F1449, Standard Guide for Industrial Launder-
ing of Flame, Thermal, and Arc Resistant Clothing, 2008.

ASTM F1505, Standard Specification for Insulated and
Insulating Hand Tools, 2010.

ASTM F1506, Standard Performance Specification for
Flame Resistant and Arc Rated Textile Materials for Wear-
ing Apparel for Use by Electrical Workers Exposed to Mo-
mentary Electric Arc and Related Thermal Hazards, 2010a.

ASTM F1742, Standard Specification for PVC Insulat-
ing Sheeting, 2003 (R 2011).

ASTM F1891, Standard Specification for Arc and
Flame Resistant Rainwear, 2012.

ASTM F1959/F1959M, Standard Test Method for De-
termining the Arc Rating of Materials for Clothing, 2012.

ASTM F2178, Standard Test Method for Determining
the Arc Rating and Standard Specification for Eye or Face
Protective Products, 2012.

ASTM F2249, Standard Specification for In-Service
Test Methods for Temporary Grounding Jumper Assemblies
Used on De-Energized Electric Power Lines and Equip-
ment, 2003 (R 2009).

ASTM F2412/F2320, Standard Specification for Rub-
ber Insulating Sheeting, 2011.

ASTM F2412, Standard Test Methods for Foot Protec-
tions, 2011.
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ASTM F2413, Standard Specification for Performance
Requirements for Protective (Safety) Toe Cap Footwear,
2011.

ASTM F2522, Standard Test Method for Determining
the Protective Performance of a Shield Attached on Live
Line Tools or on Racking Rods for Electric Arc Hazards,
2012.

ASTM F2676, Standard Test Method for Determining
the Protective Performance of an Arc Protective Blanket for
Electric Arc Hazards, 2009.

ASTM F2677, Standard Specification for Electrically
Insulating Aprons, 2008a.

ASTM F2757, Standard Guide for Home Laundering
Care and Maintenance of Flame, Thermal and Arc Resis-
tant Clothing, 2009.

A.3.3 ICRP Publications. International Commission on
Radiological Protection, SE-171 16 Stockholm, Sweden.

ICRP Publication 33, Protection Against lonizing Ra-
diation from External Sources Used in Medicine, March
1981.
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A.3.4 IEC Publications. International Electrotechnical
Commission, 3, rue de Varembé, P.O. Box 131, CH-1211
Geneva 20, Switzerland.

IEC 60479, Effects of Current Passing Through the
Body.

60479-1 Part 1: General aspects, 2005.

60479-1-1 Chapter 1: Electrical impedance of the hu-
man body.

60479-1-2 Chapter 2: Effects of ac in the range of 15
Hz to 100 Hz.

60479-2 Part 2: Special aspects, 2007.

60479-2-4 Chapter 4: Effects of ac with frequencies
above 100 Hz.

60479-2-5 Chapter 5: Effects of special waveforms of
current.

60479-2-6 Chapter 6: Effects of unidirectional single
impulse currents of short duration.

A.3.5 IEEE Publications. Institute of Electrical and Elec-
tronics Engineers, IEEE Operations Center, 445 Hoes Lane,
P.O. Box 1331, Piscataway, NJ 08855-1331.

IEEE C37.20.7, Guide for Testing Metal-Enclosed
Switchgear Rated up to 38 kV for Internal Arcing Faults,
2007/Corrigendum 1, 2010.

A.4 References for Extracts in Mandatory Sections.
NFPA 70®, National Electrical Code®, 2014 edition.
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Informative Annex B Informational References

B.1 Referenced Publications. The following documents
or portions thereof are referenced within this standard for
informational purposes only and are thus not part of the
requirements of this document unless also listed in Infor-
mative Annex A.

B.1.1 NFPA Publications. National Fire Protection Asso-
ciation, 1 Batterymarch Park, Quincy, MA 02169-7471.
NFPA 1, Fire Code, 2015 edition.
NFPA 70,° National Electrical Code®, 2014 edition.
NFPA 70B, Recommended Practice for Electrical
Equipment Maintenance, 2013 edition.
NFPA 79, Electrical Standard for Industrial Machinery,
2015 edition.

B.1.2 ANSI Publications. American National Standards
Institute, Inc., 25 West 43rd Street, 4th Floor, New York,
NY 10036.

ANSI/AIHA Z10, American National Standard for Oc-
cupational Health and Safety Management Systems, 2012.

ANSI/ASSE 7244.1, Control of Hazardous Energy —
Lockout/Tagout and Alternative Methods, 2003 (R 2008).

ANSI C84.1, Electric Power Systems and Equipment —
Voltage Ratings (60 Hz), 2011.

ANSI/ISO 14001, Environmental Management Systems
— Requirements with Guidance  for Use,
2004/Corrigendum 1, 2009.

ANSINETA MTS, Standard for Maintenance Testing
Specifications for Electrical Power Distribution Equipment
and Systems, 2011.

ANSI Z535.4, Product Safety Signs and Labels, 2011.

B.1.3 ASTM Publications. ASTM International, 100 Barr
Harbor Drive, P.O. Box C700, West Conshohocken, PA
19428-2959.

ASTM F496, Standard Specification for In-Service
Care of Insulating Gloves and Sleeves, 2008.

ASTM F711, Standard Specification for Fiberglass-
Reinforced Plastic (FRP) Rod and Tube Used in Live Line
Tools, 2002 (R 2007).

ASTM F1449, Standard Guide for Industrial Launder-
ing of Flame, Thermal, and Arc Resistant Clothing, 2008.

ASTM F1506, Standard Performance Specification for
Flame Resistant and Arc Rated Textile Materials for Wear-
ing Apparel for Use by Electrical Workers Exposed to Mo-
mentary Electric Arc and Related Thermal Hazards, 2010a.

ASTM F1959/F1959M, Standard Test Method for De-
termining the Arc Rating of Materials for Clothing, 2012.

ASTM F2249, Standard Specification for In-Service
Test Methods for Temporary Grounding Jumper Assemblies
Used on De-Energized Electric Power Lines and Equip-
ment, 2003 (R 2009).
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ASTM F2413, Standard Specifications for Performance
Requirements for Protective (Safety) Toe Cap Footwear,
2011.

ASTM F2757, Standard Guide for Home Laundering
Care and Maintenance of Flame, Thermal and Arc Resis-
tant Clothing, 2009.

B.1.4 British Standards Institute, Occupational Health
and Safety Assessment Series (OHSAS) Project Group
Publications. British Standards Institute, American Head-
quarters, 12110 Sunset Hills Road, Suite 200, Reston VA
20190-5902.

BS OSHAS 18001, Occupational Health and Safety
Management Systems, 2007.

B.1.5 CSA Publications. Canadian Standards Associa-
tion, 5060 Spectrum Way, Mississauga, ON L4W 5NG6,
Canada.
CAN/CSA 7462, Workplace Electrical Safety, 2012.
CAN/CSA Z1000, Occupational Health and Safety
Management, 2006 (R 2011).

B.1.6 IEC Publications. International Electrotechnical
Commission, 3, rue de Varembé, P.O. Box 131, CH-1211
Geneva 20, Switzerland.

IEC 60204-1 ed 5.1 Consol. with am 1, Safety of Ma-
chinery — Electrical Equipment of Machines — Part 1:
General Requirements, 2009.

B.1.7 IEEE Publications. Institute of Electrical and Elec-
tronic Engineers, IEEE Operations Center, 445 Hoes Lane,
P.O. Box 1331, Piscataway, NJ 08855-1331.

ANSI/IEEE C2, National Electrical Safety Code, 2012.

ANSI/IEEE C 37.20.6, Standard for 4.76 kV to 38 kV-
Rated Ground and Test Devices Used in Enclosures, 2007.

IEEE 4, Standard Techniques for High Voltage Testmg,
2013.

IEEE 450, IEEE Recommended Practice for Mamte-
nance, Testing, and Replacement of Vented Lead-Acid Bat-
teries for Stationary Applications, 2010.

IEEE 516, Guide for Maintenance Methods on Ener—
gized Power Lines, 2009.

IEEE 937, Recommended Practice for Installation and
Maintenance of Lead-Acid Batteries for Photovoltaic Sys-
tems, 2007.

IEEE 946, IEEE Recommended Practice for the Design
of DC Auxiliary Power Systems for Generating Systems,
2004.

IEEE 1106, IEEE Recommended Practice for Installa-
tion, Maintenance, Testing, and Replacement of Vented
Nickel-Cadmium Batteries for Stationary Applications,
2005 (R 2011).

70E-59



Provided by : www.spic.ir

INFORMATIVE ANNEX B

IEEE 1184, IEEE Guide for Batteries for Uninterrupt-
ible Power Supply Systems, 2006.

IEEE 1187, Recommended Practice for Installation De-
sign and Installation of Valve-Regulated Lead-Acid Storage
Batteries for Stationary Applications, 2002.

IEEE 1188, IEEE Recommended Practice for Mainte-
nance, Testing, and Replacement of Valve-Regulated Lead-
Acid (VRLA) Batteries for Stationary Applications, 2005 (R
2010).

IEEE 1491, IEEE Guide for Selection and Use of Bat-
tery Monitoring Equipment in Stationary Applications,
2012.

IEEE 1584™, Guide for Performing Arc Flash Hazard
Calculations, 2002.

IEEE 1584a™, Guide for Performing Arc Flash Haz-
ard Calculations, Amendment 1, 2004.

IEEE 1584b™, Guide for Performing Arc Flash Haz-
ard Calculations — Amendment 2: Changes to Clause 4,
2011.

IEEE 1657, Recommended Practice for Personnel
Qualifications for Installation and Maintenance of Station-
ary Batteries, 2009.

IEEE 3007.1, IEEE Recommended Practice for the Op-
eration and Management of Industrial and Commercial
Power Systems, 2010.

IEEE 3007.2, IEEE Recommended Practice for the
Maintenance of Industrial and Commercial Power Systems,
2010.

IEEE 3007.3, I[EEE Recommended Practice for Electri-
cal Safety in Industrial and Commercial Power Systems,
2012.

Anderson, W. E., “Risk Analysis Methodology Applied
to Industrial Machine Development,” IEEE Transactions
on Industrial  Applications, Vol. 41, No. 1,
January/February 2005, pp. 180-187.

Ammerman, R. F., Gammon, T., Sen, P. K., and Nelson,
J. P, “DC-Arc Models and Incident-Energy Calculations,”
IEEE Transactions on Industrial Applications, Vol. 46, No.
5, 2010.

Doan, D. R, “Arc Flash Calculations for Exposures to
DC Systems,” IEEE Transactions on Industrial Applica-
tions, Vol 46, No. 6, 2010.

Doughty, R. L., T. E. Neal, and H. L. Floyd II, “Pre-
dicting Incident Energy to Better Manage the Electric Arc
Hazard on 600 V Power Distribution Systems,” Record of
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Conference Papers IEEE IAS 45™ Annual Petroleum and
Chemical Industry Conference, September 28-30, 1998.

Lee, R., “The Other Electrical Hazard: Electrical Arc
Flash Burns,” IEEE Trans. Applications, Vol. 1A-18, No. 3,
May/June 1982.

B.1.8 ISA Publications. Instrumentation, Systems, and
Automation Society, 67 Alexander Drive, Research Tri-
angle Park, NC 27709.

ANSI/ISA 61010-1, Safety Requirements for Electrical
Equipment for Measurement, Control, and Laboratory Use,
Part 1: General Requirements, 2007.

B.1.9 ISEA Publications. International Safety Equipment
Association, 1901 North Moore Street, Arlington, VA
22209-1762.

ANSI/ISEA Z358.1, American National Standard for
Emergency Eye Wash and Shower Equipment, 2009.

B.1.10 ISO Publications. International Organization for
Standardization, 1, Ch. de la Voie-Creuse, Case postale 56,
CH-1211 Geneva 20, Switzerland.

ISO 14001, Environmental Management Systems — Re-
quirements with Guidance for Use, 2004.

B.1.11 NIOSH Publications. National Institute for Occu-
pational Safety and Health, Centers for Disease Control and
Prevention, 1600 Clifton Road, Atlanta, GA 30333.
DHHS (NIOSH) Publication No. 94-110, Applications
Manual for the Revised NIOSH Lifting Equation, 1994.

B.1.12 UL Publications. Underwriters Laboratories Inc.,
333 Pfingsten Road, Northbrook, IL 60062-2096.

ANSI/UL 943, Standard for Ground-Fault Circuit In-
terrupters, 2006 (R 2012).

B.1.13 U.S. Government Publications. U.S. Government
Printing Office, Washington, DC 20402.

Title 29, Code of Federal Regulations, Part 1910, Oc-
cupational Safety and Health Standards, Subpart S, Electri-
cal, 1910.137, Personal Protective Equipment, and
1910.305G)(7), Storage Batteries; and Part 1926, Safety
and Health Regulations for Construction, Subpart K, Elec-
trical, 1926.441, Batteries and Battery Charging.

B.1.14 Other Publications.
“DC Arc Hazard Assessment Phase II,” Copyright Ma-
terial, Kinectrics Inc., Report No. K-012623-RA-0002-R00.
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Informative Annex C

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

C.1 Preparation for Approach. Observing a safe ap-
proach distance from exposed energized electrical conduc-
tors or circuit parts is an effective means of maintaining
electrical safety. As the distance between a person and the
exposed energized conductors or circuit parts decreases, the
potential for electrical accident increases.

C.1.1 Unqualified Persons, Safe Approach Distance.
Unqualified persons are safe when they maintain a distance
from the exposed energized conductors or circuit parts, in-
cluding the longest conductive object being handled, so that
they cannot contact or enter a specified air insulation dis-
tance to the exposed energized electrical conductors or cir-
cuit parts. This safe approach distance is the limited ap-
proach boundary. Further, persons must not cross the arc
flash boundary unless they are wearing appropriate per-
sonal protective clothing and are under the close supervi-
sion of a qualified person. Only when continuously es-
corted by a qualified person should an unqualified person
cross the limited approach boundary. Under no circum-
stance should an unqualified person cross the restricted ap-
proach boundary, where special shock protection tech-
niques and equipment are required.

C.1.2 Qualified Persons, Safe Approach Distance.

C.1.2.1 Determine the arc flash boundary and, if the
boundary is to be crossed, appropriate arc-rated protective
equipment must be utilized.

C.1.2.2 For a person to cross the limited approach bound-
ary and enter the limited space, a person should meet the
following criteria:

(1) Be qualified to perform the job/task
(2) Be able to identify the hazards and associated risks
with the tasks to be performed

C.1.2.3 To cross the restricted approach boundary and en-

ter the restricted space, qualified persons should meet the

following criteria:

(1) Have an energized electrical work permit authorized by
management

(2) Use personal protective equipment (PPE) that is rated
for the voltage and energy level involved

(3) Minimize the likelihood of bodily contact with exposed

energized conductors and circuit parts from inadvertent

ELECTRICAL SAFETY IN THE WORKPLACE

Limits of Approach

movement by keeping as much of the body out of the re-
stricted space as possible and using only protected body
parts in the space as necessary to accomplish the work
(4) Use insulated tools and equipment

(See Figure C.1.2.3.)

Arc flash boundary

/\’ Limited approach
& boundary
Limited space

Any point on an
exposed, energized
electrical conductor
or circuit part

Restricted approach
boundary

Restricted space

Figure C.1.2.3 Limits of Approach.

C.2 Basis for Distance Values in Tables 130.4(D)(a) and
130.4(D)(b).

C.2.1 General Statement. Columns 2 through 4 of Table
130.4(D)(a) and Table 130.4(D)(b) show various distances
from the exposed energized electrical conductors or circuit
parts. They include dimensions that are added to a basic
minimum air insulation distance. Those basic minimum air
insulation distances for voltages 72.5 kV and under are
based on IEEE 4, Standard Techniques for High Voltage
Testing, Appendix 2B; and voltages over 72.5 kV are based
on IEEE 516, Guide for Maintenance Methods on Ener-
gized Power Lines. The minimum air insulation distances
that are required to avoid flashover are as follows:

(1) <300 V: 1 mm (0 ft 0.03 in.)

(2) >300 V to <750 V: 2 mm (0 ft 0.07 in.)

(3) >750 V to <2 kV: 5 mm (0 ft 0.19 in.)

(4) >2 kV to <15 kV: 39 mm (0 ft 1.5 in.)

(5) >15 kV to <36 kV: 161 mm (0 ft 6.3 in.)
(6) >36 kV to <48.3 kV: 254 mm (0 ft 10.0 in.)
(7) >48.3 kV to <72.5 kV: 381 mm (1 ft 3.0 in.)
(8) >72.5 kV to <121 kV: 640 mm (2 ft 1.2 in.)
(9) >138 kV to <145 kV: 778 mm (2 ft 6.6 in.)
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(10) >161 kV to <169 kV: 915 mm (3 ft 0.0 in.)
(11) >230 kV to <242 kV: 1.281 m (4 ft 2.4 in.)
(12) >345 kV to <362 kV: 2.282 m (7 ft 5.8 in.)
(13) >500 kV to <550 kV: 3.112 m (10 ft 2.5 in.)
(14) >765 kV to <800 kV: 4.225 m (13 ft 10.3 in.)

C.2.1.1 Column 1. The voltage ranges have been selected
to group voltages that require similar approach distances
based on the sum of the electrical withstand distance and an
inadvertent movement factor. The value of the upper limit
for a range is the maximum voltage for the highest nominal
voltage in the range, based on ANSI C84.1, Electric Power
Systems and Equipment— Voltage Ratings (60 Hz). For single-
phase systems, select the range that is equal to the system’s
maximum phase-to-ground voltage multiplied by 1.732.

C.2.1.2 Column 2. The distances in column 2 are based on
OSHA'’s rule for unqualified persons to maintain a 3.05 m
(10 ft) clearance for all voltages up to 50 kV (voltage-to-
ground), plus 100 mm (4.0 in.) for each 10 kV over 50 kV.

C.2.1.3 Column 3. The distances in column 3 are based
on the following:
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(1) €750 V: Use NEC Table 110.26(A)(1), Working
Spaces, Condition 2, for the 151 V to 600 V range.

(2) >750 V to £145 kV: Use NEC Table 110.34(A), Work-
ing Space, Condition 2.

(3) >145 kV: Use OSHA’s 3.05 m (10 ft) rules as used in
Column 2.

C.2.1.4 Column 4. The distances in column 4 are based
on adding to the flashover dimensions shown in C.2.1 the
following inadvertent movement distance:

<300 V: Avoid contact.

Based on experience and precautions for household
120/240-V systems:

>300 V to <750 V: Add 304.8 mm (1 ft O in.) for
inadvertent movement.

These values have been found to be adequate over years
of use in ANSI/IEEE C2, National Electrical Safety Code,
in the approach distances for communication workers.

>72.5 kV: Add 304.8 mm (1 ft O in.) for inadvertent
movement.

These values have been found to be adequate over years
of use in ANSIVIEEE C2, National Electrical Safety Code,
in the approach distances for supply workers.
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Informative Annex D Incident Energy and Arc Flash Boundary Calculation Methods

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

D.1 Introduction. Informative Annex D summarizes cal-
culation methods available for calculating arc flash bound-
ary and incident energy. It is important to investigate the
limitations of any methods to be used. The limitations of
methods summarized in Informative Annex D are described
in Table D.1.

D.2 Ralph Lee Calculation Method.

D.2.1 Basic Equations for Calculating Arc Flash
Boundary Distances. The short-circuit symmetrical am-
pacity, I ., from a bolted three-phase fault at the trans-
former terminals is calculated with the following formula:

[D.2.1(a)]
1, ={[ MVA Base x10° ] +[1.782x V]}x{100 + %2}

where /. is in amperes, V is in volts, and %Z is based
on the transformer MVA.

A typical value for the maximum power, P (in MW) in
a three-phase arc can be calculated using the following
formula:

[D.2.1(b)]

P =[ maximum bolted fault, in MVA, ]x0.707*

The arc flash boundary distance is calculated in accor-
dance with the following formulae:

% D.2.1(d
D, =[2.65x MVA, x t]‘ (D.2.Kd)]

D, =[53x MVAx1]* [D.2.1(e)]

where:

D, = distance in feet of person from arc source for a
just curable burn (that is, skin temperature
remains less than 80°C).

MVA,, = bolted fault MVA at point involved.
MVA = MVA rating of transformer. For transformers
with MVA ratings below 0.75 MVA, multiply
the transformer MVA rating by 1.25.
t = time of arc exposure in seconds.

The clearing time for a current-limiting fuse is approxi-
mately Y4 cycle or 0.004 second if the arcing fault current is
in the fuse’s current-limiting range. The clearing time of a
5-kV and 15-kV circuit breaker is approximately 0.1 sec-
ond or 6 cycles if the instantaneous function is installed and
operating. This can be broken down as follows: actual
breaker time (approximately 2 cycles), plus relay operating
time of approximately 1.74 cycles, plus an additional safety
margin of 2 cycles, giving a total time of approximately
6 cycles. Additional time must be added if a time delay
function is installed and operating.

The formulas used in this explanation are from Ralph
Lee, “The Other Electrical Hazard: Electrical Arc Flash

[D.2.1(c)] Burns,” in IEEE Trans. Industrial Applications. The calcu-
P=1732%xV xI x10"° x0.7072 lations are based on the worst-case arc impedance. (See
* Table D.2.1.)
Table D.1 Limitation of Calculation Methods
Section Source Limitations/Parameters
D.2 Lee, “The Other Electrical Hazard: Electrical Arc | Calculates incident energy and arc flash boundary for arc
Flash Burns” in open air; conservative over 600 V and becomes more
conservative as voltage increases
D.3 Doughty, et al., “Predicting Incident Energy to Calculates incident energy for three-phase arc on systems

Power Distribution Systems”

Better Manage the Electrical Arc Hazard on 600 V |rated 600 V and below; applies to short-circuit currents

between 16 kA and 50 kA

D.4 IEEE 1584, Guide for Performing Arc Flash Calculates incident energy and arc flash boundary for:
Calculations 208 V to 15 kV; three-phase; 50 Hz to 60 Hz; 700 A to
106,000 A short-circuit current; and 13 mm to 152 mm
conductor gaps
D.5 Doan, “Arc Flash Calculations for Exposure to DC | Calculates incident energy for dc systems rated up to
Systems” 1000 V dc

'ﬁﬂ 2015 Edition ELECTRICAL SAFETY IN THE WORKPLACE =" """~
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Table D.2.1 Flash Burn Hazard at Various Levels in a Large Petrochemical Plant

@ (2 3) C)) (5 (6) (7)
Short- Arc Flash Boundary
System or Circuit Clearing Typical Distance”
Bus Nominal Voltage | System | Transformer Transformer Symmetrical | Time of Fault
Levels (MVA) (MVA) (% 7) A) (cycles) SI U.S.
230 kV 9000 1.11 23,000 6.0 15 m 49.2 ft
13.8 kV 750 94 31,300 6.0 1.16 m 3.8 ft
Load side of all 13.8-V 750 94 31,300 1.0 184 mm 0.61 ft
fuses
4.16 kV 10.0 5.5 25,000 6.0 2.96 m 9.7 ft
4.16 kV 5.0 55 12,600 6.0 1.4 m 4.6 ft
Line side of incoming 2.5 5.5 44,000 60.0-120.0 7m-11 m | 23 ft-36 ft
600-V fuse
600-V bus 2.5 5.5 44,000 0.25 268 mm 0.9 ft
600-V bus 1.5 55 26,000 6.0 1.6 m 54 ft
600-V bus 1.0 5.57 17,000 6.0 1.2 m 4 ft

*Distance from an open arc to limit skin damage to a curable second degree skin burn [less than 80°C (176°F) on skin] in free air.

D.2.2 Single-Line Diagram of a Typical Petrochemical
Complex. The single-line diagram (see Figure D.2.2) il-
lustrates the complexity of a distribution system in a typical
petrochemical plant.

D.2.3 Sample Calculation. Many of the electrical charac-
teristics of the systems and equipment are provided in Table
D.2.1. The sample calculation is made on the 4160-volt bus
4A or 4B. Table D.2.1 tabulates the results of calculating
the arc flash boundary for each part of the system. For this
calculation, based on Table D.2.1, the following results are
obtained:
(1) Calculation is made on a 4160-volt bus.
(2) Transformer MVA (and base MVA) = 10 MVA.
(3) Transformer impedance on 10 MVA base = 5.5 percent.
(4) Circuit breaker clearing time = 6 cycles.

Using Equation D.2.1(a), calculate the short-circuit cur-
rent:

1, ={[MVA Base x10° ]+[1.782x V]} x {100 + %Z}
={[10x10°]+[1.732x 4160} x {100 + 5.5}
= 25,000 amperes

Using Equation D.2.1(b), calculate the power in the arc:

P =1.732x 4160 % 25,000 x10™° x 0.707*
=91 MW
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Using Equation D.2.1(d), calculate the second degree
burn distance:

D, ={2.65x[1.732 25,000 x4160x 10 ] x 0.1}
=6.9 or 7.00 ft

Or, using Equation D.2.1(e), calculate the second de-
gree burn distance using an alternative method:

D, =[53x10x0.1]*
=728 ft

D.2.4 Calculation of Incident Energy Exposure Greater
Than 600 V for an Arc Flash Hazard Analysis. The
equation that follows can be used to predict the incident
energy produced by a three-phase arc in open air on sys-
tems rated above 600 V. The parameters required to make
the calculations follow.

(1) The maximum bolted fault, three-phase short-circuit
current available at the equipment.

(2) The total protective device clearing time (upstream of
the prospective arc location) at the maximum short-
circuit current. If the total protective device clearing
time is longer than 2 seconds, consider how long a
person is likely to remain in the location of the arc
flash. It is likely that a person exposed to an arc flash
will move away quickly if it is physically possible, and
2 seconds is a reasonable maximum time for calcula-
tions. A person in a bucket truck or a person who has
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Figure D.2.2 Single-Line Diagram of a Typical Petrochemical Complex.

crawled into equipment will need more time to move
away. Sound engineering judgment must be used in
applying the 2-second maximum clearing time, since
there could be circumstances where an employee’s
egress is inhibited.

(3) The distance from the arc source.

(4) Rated phase-to-phase voltage of the system.

793x FxV xt, [D.2.4(4)]
where:

E = incident energy, cal/cm?

F = bolted fault short-circuit current, kA

V = system phase-to-phase voltage, kV
t, = arc duration, sec
D = distance from the arc source, in.

'EE 2015 Edition ELECTRICAL SAFETY IN THE WORKPLACE

D.3 Doughty Neal Paper.

D.3.1 Calculation of Incident Energy Exposure. The
following equations can be used to predict the incident
energy produced by a three-phase arc on systems rated 600
V and below. The results of these equations might not rep-
resent the worst case in all situations. It is essential that the
equations be used only within the limitations indicated in
the definitions of the variables shown under the equationé
The equations must be used only under qualified engmeer-
ing supervision. ‘

Informational Note: Experimental testing continues to be -

performed to validate existing incident energy calculations
and to determine new formulas.
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The parameters required to make the calculations follow.

(1) The maximum bolted fault, three-phase short-circuit
current available at the equipment and the minimum
fault level at which the arc will self-sustain. (Calcula-
tions should be made using the maximum value, and
then at lowest fault level at which the arc is self-
sustaining. For 480-volt systems, the industry accepted
minimum level for a sustaining arcing fault is 38 per-
cent of the available bolted fault, three-phase short-
circuit current. The highest incident energy exposure
could occur at these lower levels where the overcurrent
device could take seconds or minutes to open.)

(2) The total protective device clearing time (upstream of
the prospective arc location) at the maximum short-
circuit current, and at the minimum fault level at which
the arc will sustain itself.

(3) The distance of the worker from the prospective arc for
the task to be performed.

Typical working distances used for incident energy cal-
culations are as follows:

(1) Low voltage (600 V and below) MCC and panelboards
— 455 mm (18 in.)

(2) Low voltage (600 V and below) switchgear — 610 mm
(24 in.)

(3) Medium voltage (above 600 V) switchgear — 910 mm
(36 in.)

D.3.2 Arc in Open Air. The estimated incident energy for
an arc in open air is as follows:

0.0016F* [D.3.2(a)]

E,, =5271D,7%%,| -0.0076 F
+0.8938

where:
E,;, = maximum open arc incident energy, cal/cm’
D, = distance from arc electrodes, in. (for distances
18 in. and greater)
t, = arc duration, sec
F = short-circuit current, kA (for the range of
16 kA to 50 kA)

Sample Calculation: Using Equation D.3.2(a), calculate
the maximum open arc incident energy, cal/cm?, where
D, =18 in., t, = 0.2 second, and F = 20 kA.

0.0016F% —0.0076F [D.3.2(b)]

+0.8938
= 5271x.0035x0.2[0.0016 x 400 - 0.0076 x 20 +0.8938]
=3.69x[1.381]

=21.33 J/cm*(5.098 cal/cm* )

E,, =5271 D, "%, [

D.3.3 Arcin a Cubic Box. The estimated incident energy
for an arc in a cubic box (20 in. on each side, open on one

70E-66

end) is given in the equation that follows. This equation is
applicable to arc flashes emanating from within switchgear,
motor control centers, or other electrical equipment enclo-
sures.

0.000372] [D-33@]
E,,; =1038.7D, """, -0.3453F
+5.9675
where:
E,;; = maximum 20 in. cubic box incident energy,

cal/cm?
Dy = distance from arc electrodes, in. (for distances
18 in. and greater)
t, = arc duration, sec
F = short-circuit current, kA (for the range of
16 kA to 50 kA)

Sample Calculation: Using Equation D.3.3(a), calculate
the maximum 20 in. cubic box incident energy, cal/cm?,
using the following:

(1) Dg =18 in.
(2) t, =0.2 sec
(3) F=20kA

s, [0.0003F2 —0.3453F] [D-3.3(b)]
E,, =1038.7D,"

+5.9675

0.0093x 400 —-0.3453 % 20:|

=1038x0.0141x0.2
[+5.9675

=2.928x%[2.7815]
= 34.1]/cm2 (8.144 cal/cmz)

D.3.4 Reference. The equations for this section were de-
rived in the IEEE paper by R. L. Doughty, T. E. Neal, and
H. L. Floyd, II, “Predicting Incident Energy to Better Man-
age the Electric Arc Hazard on 600 V Power Distribution
Systems.”

D.4 IEEE 1584 Calculation Method.

D.4.1 Basic Equations for Calculating Incident Energy
and Arc Flash Boundary. This section provides excerpts
from IEEE 1584, IEEE Guide for Performing Arc Flash
Hazard Calculations, for estimating incident energy and arc
flash boundaries based on statistical analysis and curve fit-
ting of available test data. An IEEE working group pro-
duced the data from tests it performed to produce models of
incident energy.

The complete data, including a spreadsheet calculator to
solve the equations, can be found in the IEEE 1584, Guide
for Performing Arc Flash Hazard Calculations. Users are
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encouraged to consult the latest version of the complete
document to understand the basis, limitation, rationale, and
other pertinent information for proper application of the
standard. It can be ordered from the Institute of Electrical
and Electronics Engineers, Inc., 445 Hoes Lane, P.O. Box
1331, Piscataway, NJ 08855-1331.

D.4.1.1 System Limits. An equation for calculating inci-
dent energy can be empirically derived using statistical
analysis of raw data along with a curve-fitting algorithm. It
can be used for systems with the following limits:

(1) 0.208 kV to 15 kV, three-phase

(2) 50 Hz to 60 Hz

(3) 700 A to 106,000 A available short-circuit current
(4) 13 mm to 152 mm conductor gaps

For three-phase systems in open-air substations, open-
air transmission systems, and distribution systems, a theo-
retically derived model is available. This theoretically de-
rived model is intended for use with applications where
faults escalate to three-phase faults. Where such an escala-
tion is not possible or likely, or where single-phase systems
are encountered, this equation will likely provide conserva-
tive results.

D.4.2 Arcing Current. To determine the operating time
for protective devices, find the predicted three-phase arcing
current.

For applications with a system voltage under 1 kV,
solve Equation D.4.2(a) as follows:

Ig1, = K +0.6621g ,, +0.0966V [D.4.2(a)]
+0.000526G +0.5588V (1g 1, )
-0.00304G(1g1,, )
where:
lg = the log,
I, = arcing current, kA

K =-0.153 for open air arcs; —0.097 for
arcs-in-a-box

I,; = bolted three-phase available short-circuit

current (symmetrical rms), kA

system voltage, kV

conductor gap, mm (see Table D.4.2)

Vv
G

For systems greater than or equal to 1 kV, use Equation
D.4.2(b):

lg/, =0.00402+0.9831g/,, [D.4.2(b)]

This higher voltage formula is used for both open-air
arcs and for arcs-in-a-box.

'EE 2015 Edition ELECTRICAL SAFETY IN THE WORKPLACE

Convert from Ig:

I, = 10'¢% [D.4.2(c)]

Use 0.85 I, to find a second arc duration. This second
arc duration accounts for variations in the arcing current and
the time for the overcurrent device to open. Calculate the
incident energy using both arc durations (/, and 0.85 1), and
use the higher incident energy.

Table D.4.2 Factors for Equipment and Voltage Classes

Typical Distance
System Type of Conductor Exponent
Voltage (kV) | Equipment Gap (mm) Factor x
Open air 10-40 2.000
0.208-1 Switchgear 32 1.473
MCCs and 25 1.641
panels
Cables 13 2.000
Open air 102 2.000
>1-5 Switchgear 13-102 0.973
Cables 13 2.000
Open air 13-153 2.000
>5-15 Switchgear 153 0.973
Cables 13 2.000

D.4.3 Incident Energy at Working Distance — Empiri-
cally Derived Equation. To determine the incident energy
using the empirically derived equation, determine the log,,
of the normalized incident energy. The following equation
is based on data normalized for an arc time of 0.2 second
and a distance from the possible arc point to the person of
610 mm:

IgE, =k +k, +1.081 1g7, +0.0011 [D-4.3()]

where:
E, = incident energy, normalized for time and
distance, J/cm?
k, =—0.792 for open air arcs
= —0.555 for arcs-in-a-box
k, = 0 for ungrounded and high-resistance grounded
systems
= —0.113 for grounded systems
G = conductor gap, mm (see Table D.4.2)

Then,
E —=10%5 [D.4.3(b)]
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Converting from normalized:

E=4.184C, E, (L) 010
02 )\ D

] [D.4.3(c)]

where:
E = incident energy, J/cm.
C; = calculation factor
= 1.0 for voltages above 1 kV.
= 1.5 for voltages at or below 1 kV.
E, = incident energy normalized.
t = arcing time, sec.
x = distance exponent from Table D.4.2.
D = distance, mm, from the arc to the person
(working distance). See Table D.4.3 for typical
working distances.

If the arcing time, ¢, in Equation D.4.3(c) is longer than

Table D.4.3 Typical Working Distances

Typical Working Distance*

Classes of Equipment (mm)
15-kV switchgear 910
5-kV switchgear 910
Low-voltage switchgear 610
Low-voltage MCCs and 455

panelboards

Cable 455
Other | To be determined in field

* Typica;f working distance is the sum of the distance between the
worker and the front of the equipment and the distance from the front
of the equipment to the potential arc source inside the equipment.

2 seconds, consider how long a person is likely to remain in
the location of the arc flash. It is likely that a person ex-
posed to an arc flash will move away quickly if it is physi-
cally possible, and 2 seconds is a reasonable maximum
time for calculations. Sound engineering judgment should
be used in applying the 2-second maximum clearing time,
because there could be circumstances where an employee’s
egress is inhibited. For example, a person in a bucket truck
or a person who has crawled into equipment will need more
time to move away.

D.4.4 Incident Energy at Working Distance — Theo-
retical Equation. The following theoretically derived
equation can be applied in cases where the voltage is over
15 kV or the gap is outside the range:

[D.4.4]
E=2.142x10°VI -
"\ p?
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where:

E = incident energy, J/cm®

V = system voltage, kV

I, = available three-phase bolted fault current
t = arcing time, sec

D = distance (mm) from the arc to the person

(working distance)

For voltages over 15 kV, arcing fault current and bolted
fault current are considered equal.

D.4.5 Arc Flash Boundary. The arc flash boundary is the

distance at which a person is likely to receive a second

degree burn. The onset of a second degree burn is assumed

to be when the skin receives 5.0 J/cm? of incident energy.
For the empirically derived equation,

1 [D.4.5(a)]
D, = |:4.184CfE” ((;2)(6;0x ]]

For the theoretically derived equation,

_ 6 4
D, = \/2.142><10 be[EB]
where:

Dy = distance (mm) of the arc flash boundary from
the arcing point

C; = calculation factor

1.0 for voltages above 1 kV

1.5 for voltages at or below 1 kV

E, = incident energy normalized

t = time, sec

= distance exponent from Table D.4.2

incident energy in J/cm? at the distance of the

arc flash boundary

V = system voltage, kV

I,; = bolted three-phase available short-circuit
current

[D.4.5(b)]

S
1

Informational Note: These equations could be used to de-
termine whether selected personal protective equipment
(PPE) is adequate to prevent thermal injury at a specified
distance in the event of an arc flash.

D.4.6 Current-Limiting Fuses. The formulas in this sec-
tion were developed for calculating arc flash energies for
use with current-limiting Class L and Class RK1 fuses. The
testing was done at 600 V and at a distance of 455 mm,
using commercially available fuses from one manufacturer.
The following variables are noted:

I, = available three-phase bolted fault current (sym-
metrical rms), kA

E = incident energy, J/cm®

(A) Class L Fuses 1601 A through 2000 A. Where /,; <
22.6 kA, calculate the arcing current using Equation
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D.4.2(a), and use time-current curves to determine the in-
cident energy using Equations D.4.3(a), D.4.3(b), and
D.4.3(c).

Where 22.6 kA < I, < 65.9 kA,

E=a184(-0.12841, +32.062)  [D-H6@]

Where 65.9 kA < I, <106 KA,

E = 4.184(-0.51771,, +57.917) [D.4.6(b)]

Where I, >106 kA, contact the manufacturer.

(B) Class L Fuses 1201 A through 1600 A. Where /,,
<15.7 kA, calculate the arcing current using Equation
D.4.2(a), and use time-current curves to determine the in-
cident energy using Equations D.4.3(a), D.4.3(b), and
D.4.3(c).

Where 15.7 kA < I, < 31.8 kA,

E =4.184(~0.18631,, +27.926) LD.4.6(c)]
Where 44.1 KA < I, < 65.9 KA,
E=12.3]/cm*(2.94 cal/cm?) [D.4.6(e)]
Where 65.9 kA <l <106 kA,
[D.4.6(f)]

E = 4.184(~0.06311, +7.0878)

Where I >106 kA, contact the manufacturer.

(C) Class L Fuses 801 A through 1200 A. Where /,,
<15.7 kA, calculate the arcing current using Equation
D.4.2(a), and use time-current curves to determine the in-
cident energy per Equations D.4.3(a), D.4.3(b), and
D.4.3(c).

Where 15.7 kA < [,,, < 22.6 kA,

E = 4.184(—0.19281,, +14.226) [D-4.6(2)]

Where 22.6 KA < [, < 44.1 kA,

0.01437,* ~1.39191, [D-4.6(h)]
E=4184 -
+34.045

Where 44.1 kA < 1, < 106 kA,
E=1.63 [D.4.6(1)]

Where Iy >106 kA, contact the manufacturer.

(D) Class L Fuses 601 A through 800 A. Where /,,<15.7
kA, calculate the arcing current using Equation D.4.2(a),
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and use time-current curves to determine the incident en-
ergy using Equations D.4.3(a), D.4.3(b), and D.4.3(c).
Where 15.7 kA < [,,, < 44.1 KA,

E =4.184(-0.06011, +2.8992) [D.4.6(j)]
Where 44.1 kA < I,, <106 KA,
E=1.046 [D.4.6(k)]

Where L, > 106 kA, contact the manufacturer.

(E) Class RK1 Fuses 401 A through 600 A. Where I,
< 8.5 kA, calculate the arcing current using Equation D.4.2(a),
and use time-current curves to determine the incident energy
using Equations D.4.3(a), D.4.3(b), and D.4.3(c).

Where 8.5 kA < [, < 14 KA,

E =4.184(~8.05451,, +43.364) [D-4:6()]
Where 14 kA < I,, < 15.7 KA,
E=2510 [D.4.6(m)]
Where 15.7 KA < I, < 22.6 KA,
E =4.184(~0.05071,, +1.3964) [D-4.6(n)]
Where 22.6 KA < I,, < 106 KA,
E=1.046 [D.4.6(0)]

Where L > 106 kA, contact the manufacturer.

(F) Class RK1 Fuses 201 A through 400 A. Where Iy <
3.16 kA, calculate the arcing current using Equation D.4.2(a),
and use time-current curves to determine the incident energy
using Equations D.4.3(a), D.4.3(b), and D.4.3(c).

Where 3.16 kA < I, < 5.04 kA,

E =4.184(~19.0531,, +96.808) [D46()]

Where 5.04 kA < I, < 22.6 kA,
E = 4.184(—0.03021,, +0.9321) [D4:6(9)]

Where 22.6 kA < I, < 106 kA,
E=1.046 [D.4.6(r)]

Where 1, >106 kA, contact the manufacturer.
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(G) Class RK1 Fuses 101 A through 200 A. Where /,,
<1.16 kA, calculate the arcing current using Equation
D.4.2(a), and use time-current curves to determine the in-
cident energy using Equations D.4.3(a), D.4.3(b), and
D.4.3(c).

Where 1.16 kKA < I,,fSI.6 kA,

E =4.184(~18.4091,, +36.355) [D-4.6(5)]

Where 1.6 kA < I,,<3.16 kA,
E = 4.184(~4.26281,, +13.721) [D-4:6(V]

Where 3.16 kA < I,, <106 kA,
E =1.046 [D.4.6(u)]

Where L > 106 kA, contact the manufacturer.

(H) Class RK1 Fuses 1 A through 100 A. Where /,, <
0.65 kA, calculate the arcing current using Equation
D.4.2(a), and use time-current curves to determine the in-
cident energy using Equations D.4.3(a), D.4.3(b), and
D.4.3(c).

Where 0.65 kA < [, < 1.16 kA,

E= 4'184(_11'1761b/ +13.565) [D.4.6(v)]

Where 1.16 kKA < [, < 1.4 kA,

F=4184(-145831, +22017)  LDH6OW]
Where 1.4 KA < I, < 106 kA,
E=1.046 [D.4.6(x)]

Where Ly > 106 kA, contact the manufacturer.

D.4.7 Low-Voltage Circuit Breakers. The equations in
Table D.4.7 can be used for systems with low-voltage cir-
cuit breakers. The results of the equations will determine
the incident energy and arc flash boundary when /[, is
within the range as described. Time-current curves for the
circuit breaker are not necessary within the appropriate
range.

When the bolted fault current is below the range indi-
cated, calculate the arcing current using Equation D.4.2(a),
and use time-current curves to determine the incident en-
ergy using Equations D.4.3(a), D.4.3(b), and D.4.3(c).

Table D.4.7 Incident Energy and Arc Flash Protection Boundary by Circuit Breaker Type and Rating

480 V and Lower

575 V-600 V
Arc Flash
Boundary Incident Energy Arc Flash
(mm)* J/em?)? Boundary (mm)®

Trip Unit Incident Energy
Rating (A) Breaker Type Type (J/em?)?
100-400 MCCB ™ or M 0.189 I,,, + 0.548
600-1200 MCCB ™ or M 0.223 I,,, + 1.590
600-1200 MCCB E, LI 0.377 I,,; + 1.360
16;)0—6000 MCCB or TMor E, LI~ 0.448 I, + 3.000
ICCB
8@—6300 LVPCB E, LI 0.636 1,,+ 3.670
8Q6—6300 LVPCB E, LS° 4.560 1, + 27.230

9.16 I, + 194
8.45 I, + 364
12.50 1, + 428

11.10 I, + 696

14.50 I, + 786

47.20 I, + 2660

0.271 I+ 0.180
0.335 I, + 0.380
0.468 I, + 4.600

0.686 1, + 0.165

0.958 I, + 0.292

6.860 I, + 2.170

11.8 1, + 196
114 1, + 369
14.3 I, + 568

16.7 L+ 606

19.1 1, + 864

62.4 1, + 2930

MCCB: Molded-case circuit breaker.
TM: Thermal-magnetic trip units.
M: Magnetic (instantaneous only) trip units.

E: Electronic trip units have three characteristics that may be used separately or in combination: L: Long time, S: Short time, I: Instantaneous.

ICCB: Insulated-case circuit breaker.
LVPCB: Low-voltage power circuit breaker.
@ I, is in kA; working distance is 455 mm (18 in.).

® Short-time delay is assumed to be set at maximum.
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The range of available three-phase bolted fault currents
is from 700 A to 106,000 A. Each equation is applicable for
the following range:

L<I,<I,

where:

I, = minimum available three-phase, bolted,
short-circuit current at which this method can
be applied. I, is the lowest available
three-phase, bolted, short-circuit current level
that causes enough arcing current for
instantaneous tripping to occur, or, for circuit
breakers with no instantaneous trip, that causes
short-time tripping to occur.

I, = interrupting rating of the circuit breaker at the
voltage of interest.

To find I, the instantaneous trip (/) of the circuit
breaker must be found. /, can be determined from the time-
current curve, or it can be assumed to be 10 times the rating
of the circuit breaker for circuit breakers rated above 100
amperes. For circuit breakers rated 100 amperes and below,
a value of 7, = 1300 A can be used. When short-time delay
is utilized, 7, is the short-time pickup current.

The corresponding bolted fault current, Ly, is found by
solving the equation for arc current for box configurations
by substituting /, for arcing current. The 1.3 factor in Equa-
tion D.4.7(b) adjusts current to the top of the tripping band.

1g(1.31,) =0.084+0.096V +0.586(1g 1, ) [DA47(@)]

+0.559V (g1, )

At 600 V,

1g], =0.0281+1.001g(1.37,)  [D-47(D)]

At 480 V and lower,

Ig], =0.0407+1.17 1g(1.37)) ~ [D-47(©)]

1, =1, = 104" [D.4.7(d)]

D.4.8 References. The complete data, including a spread-
sheet calculator to solve the equations, can be found in
IEEE 1584, Guide for Performing Arc Flash Hazard
Calculations. 1EEE publications are available from the
Institute of Electrical and Electronics Engineers, 445

Hoes Lane, P.O. Box 1331, Piscataway, NJ 08855-1331,
USA (http://standards.ieee.org/).

D.5 Direct-Current Incident Energy Calculations.

D.5.1 Maximum Power Method. The following method
of estimating dc arc flash incident energy that follows was

'ﬁg 2015 Edition- . - ELECTRICAL, SAFETY IN THE WORKPLACE

published in the IEEE Transactions on Industry Applica-
tions (see reference 2, which follows). This method is based
on the concept that the maximum power possible in a dc
arc will occur when the arcing voltage is one-half the sys-
tem voltage. Testing completed for Bruce Power (see refer-
ence 3, which follows) has shown that this calculation is
conservatively high in estimating the arc flash value. This
method applies to dc systems rated up to 1000 V.

arc

IE, =0.01xV, x1I, xT, [D*

arc

1, =0.5x1,

where:
1,,. = arcing current amperes
I,,; = system bolted fault current amperes
IE,, = estimated dc arc flash incident energy at the
maximum power point cal/cm?
Vs = system voltage volts
T,. = arcing time sec
D = working distance cm

For exposures where the arc is in a box or enclosure, it
would be prudent to use a multiplying factor of 3 for the
resulting incident energy value.

D.5.2 Detailed Arcing Current and Energy Calculations
Method. A thorough theoretical review of dc arcing cur-
rent and energy was published in the /IEEE Transactions on
Industry Applications. Readers are advised to refer to that
paper (see reference 1) for those detailed calculations.

References:

1. “DC-Arc Models and Incident-Energy Calculations,”
Ammerman, R.F; et al.; IEEE Transactions on Industry
Applications, Vol. 46, No. 5.

2. “Arc Flash Calculations for Exposures to DC Sys-
tems,” Doan, D.R., IEEE Transactions on Industry Appli-
cations, Vol. 46, No. 6.

3. “DC Arc Hazard Assessment Phase II”’, Copyright Ma-
terial, Kinectrics Inc., Report No. K-012623-RA-0002-R00.

D.5.3 Short Circuit Current. The determination of short
circuit current is necessary in order to use Table
130.7(C)(15)(B). The arcing current is calculated at 50 percent
of the dc short-circuit value. The current that a battery will
deliver depends on the total impedance of the short-circuit
path. A conservative approach in determining the short-circuit
current that the battery will deliver at 25°C is to assume that
the maximum available short-circuit current is 10 times the 1
minute ampere rating (to 1.75 volts per cell at 25°C and the
specific gravity of 1.215) of the battery. A more accurate value
for the short-circuit current for the specific application can be
obtained from the battery manufacturer.

References:

1. IEEE 946, Recommended Practice for the Design of
DC Auxiliary Powers Systems for Generating Stations.
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Informative Annex E Electrical Safety Program

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

(See 110.1, Electrical Safety Program.)

E.1 Typical Electrical Safety Program Principles. Elec-
trical safety program principles include, but are not limited
to, the following:
(1) Inspecting and evaluating the electrical equipment
(2)51; Maintaining the electrical equipment’s insulation and
 enclosure integrity
(3) Planning every job and document first-time proce-
- dures
(4)::? De-energizing, if possible (see 120.1)
(5)5; Anticipating unexpected events
(6) Identifying the electrical hazards and reduce the asso-
ciated risk

(7) Protecting employees from shock, burn, blast, and
other hazards due to the working environment

(8) Using the right tools for the job
(9) Assessing people’s abilities
(10) Auditing the principles

E.2 Typical Electrical Safety Program Controls. Elec-
trical safety program controls can include, but are not lim-
ited to, the following:

(1) The employer develops programs, including training,
and the employees apply them.
¢ Employees are to be trained to be qualified for working
in an environment influenced by the presence of elec-
trical energy.
(3) Procedures are to be used to identify the electrical haz-
ards and to develop plans to eliminate those hazards or
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to control the associated risk for those hazards that
cannot be eliminated.

(4) Every electrical conductor or circuit part is considered
energized until proved otherwise.

(5) De-energizing an electrical conductor or circuit part
and making it safe to work on is, in itself, a potentially
hazardous task.

(6) Tasks to be performed on or near exposed energized
electrical conductors and circuit parts are to be identi-
fied and categorized.

(7) Precautions appropriate to the working environment are
to be determined and taken.

(8) A logical approach is to be used to determine the asso-
ciated risk of each task.

E.3 Typical Electrical Safety Program Procedures.
Electrical safety program procedures can include, but are
not limited to determination and assessment of the follow-
ing:

(1) Purpose of task

(2) Qualifications and number of employees to be in-
volved

(3) Identification of hazards and assessment of risks of
the task

(4) Limits of approach
(5) Safe work practices to be used
(6) Personal protective equipment (PPE) involved
(7) Insulating materials and tools involved
(8) Special precautionary techniques
(9) Electrical single-line diagrams
(10) Equipment details
(11) Sketches or photographs of unique features
(12) Reference data

ELECTRICAL SAFETY IN THE WORKPLACE
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Informative Annex F Risk Assessment Procedure

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

F.1 Risk Assessment (General). This informative annex
provides guidance regarding a qualitative approach for risk
assessment, including risk estimation and risk evaluation,
which can be helpful in determining the protective mea-
sures that are required to reduce the likelihood of injury or
damage to health occurring in the circumstances under con-
sideration. To receive the full benefit of completing the risk
assessment process the relationships between the source or
cause of risk and the effects of the hierarchy of controls on
those causes must be understood. This informative annex is
intended to provide guidance.

Risk assessment is an analytical process consisting of a
number of discrete steps intended to ensure that hazards are
properly identified and analyzed with regard to their sever-
ity and the likelihood of their occurrence. Once hazards
have been identified and analyzed, the risk associated with
those hazards can be estimated using the parameters out-
lined in F2.1. Appropriate protective measures can then be
implemented and evaluated in order to determine if ad-
equate risk reduction has been achieved.

Risk assessment includes a comprehensive review of
the hazards, the associated foreseeable tasks, and the pro-
tective measures that are required in order to maintain a
tolerable level of risk, including the following:

(1) Identifying and analyzing electrical hazards

(2) Identifying tasks to be performed

(3) Documenting hazards associated with each task
(4) Estimating the risk for each hazard/task pair

(5) Determining the appropriate protective measures
needed to adequately reduce the level of risk

Figure F.1(a) illustrates the steps to be taken and the
decisions to be considered when performing an electrical
work risk assessment. See 110.1 for a hazard and risk
evaluation procedure. Figure F.1(b) illustrates in more de-
tail the steps of the risk analysis, assessment, and evalua-
tion process.

F.1.1 Responsibility. Electrical system designers, con-
structors, and users have responsibilities for defining and
achieving tolerable risk. The supplier and the user either
separately or jointly identify hazards, estimate risks, and
reduce risks to a tolerable level within the scope of their
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Article 100, Sections

Hazard identification 110.1(G), 130.3

Safety
management

—> lteration —>| Initial estimated risk

Section 130.4, 130.5

NFPA 70, National

. Inherently safe design Electrical Code, Tables
Design control | (elimination or substitution) 128;2882;&;22;
130.7(C)(15)(B)
|Estimated residual risk|—| Informative Annex F

]
i i Section 130.7(D
D.eSign. Protective devices Section 190, ZEF))( 1),
engineering Information{f}or use %28%(,3)2(2)3
L |Estimated residual risk|—| Informative Annex F

Evaluation

Desired risk reduction achieved?

Systems that increase Section 130.7(E),

awareness (1)’ (2)' (3)
Section 110.2(A)-(E)

(B), (C), (D), (E)

Organization
(administrative Training/procedures

and — .
: Work organization Sections 130.8(C),
bf;r?t\r/gsl and instruction 130.6(A), 205.9,
Personal protective 250',2' 3105
equipment _| 1S?t?(c):t;ons 130.5(C),
4
) |Estimated residual risk |—| Informative Annex F

Evaluation

No
Desired risk reduction achieved?

l].Communication Verification, valida}tion Section 120.1
and documentation

Action step ¢

| Safety management |

Figure F.1(a) Risk Assessment Process.

respective work activities. Although the responsibilities of
the supplier and the user differ over the life cycle of the
electrical equipment, each entity should use the risk assess-
ment process.

In general, the electrical system supplier is responsible
for the design, construction, and information for operation
and maintenance of the electrical system, while the user is
responsible for the operation and maintenance of the elec-
trical system.

Suppliers and users should involve qualified personnel
in meeting their respective responsibilities. The supplier
and the user should ensure compliance with the regulations
and standards applicable to their work activity. This could *
include regulations and standards for a specific location, a f
specific application, or both.
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Risk Assessment Process

Note: Italicized text represents information used during the risk assessment process.

| Risk Assessment |—>| Electrical System ID, Notes |

Related Documents: Technical File, Single-Line

v

Diagram, Coordination Study, Training

| Assessment Version |—>| Assessment Version Details |—> gro;chZi?et? ';'_g;rrl; II\,;Isetrrrl)ng?;sA :9 (Zf;i;sei?%ate
A A Assumptions, etc.
Y
General Information for Each Hazard Zone
e Description of hazard zone ;I Uncertainties, Notes |
* Foreseen activities
e Hazardous event(s) ;I Pictures |
* Hazardous situation(s)
Risk -
> A Probability of Hazard Occurrence
Estimation | y Hazard
- - - Analysis
Hazard | Severity of Potential Injury
Step 1

Frequency of Exposure

Likelihood of Avoidance

4| Risk Level — Likelihood of Injury or Damage to Health

Y

Risk Reduction - Referenced —>| Risk Reduction Measures
Supplier | g Standard(s)
. . :I Additional Safety Element
Engineering
Cé’t':l?zls | Risk Level — Likelihood of Injury or Damage to Health|

i et

Risk Reduction Not Achieved | @ --

|<—| Risk Reduction Achieved

l—{ Risk Level Tolerability

Risk Reduction |
User

Exposed Person(s) |—0

Behavioral | Qualifications of Exposed Person(s) l—o

Controls
Step 3 | Workplace Safety Policies, Procedures, and Instruction I—o

Personal Protective Equipment l—o

N

Task / Hazard Analysis

Area of Potential Injury or Damage to Health

Nature of Injury or Damage to Health

|
|
|—>{ Personal Protective Equipment |
|
|

|—>‘ Cause of Injury or Damage to Health

Y
| Residual Risk Level — Likelihood of Injury or Damage to Health|

e e e e — — — 3

Residual Risk Level Not Tolerable

i

| Complete |<—|

Residual Risk Level Tolerable

Figure F.1(b) Detailed Risk Assessment Process.
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F.2 Risk Assessment.

F.2.1 Initial Risk Estimation. An initial estimation of
risk should be carried out for each hazard. Risk related to
the identified hazard should be derived by using the risk
parameters that are shown in Figure F.2.1 including the
following:
(1) Severity of injury or damage to health (Se)
(2) Likelihood of occurrence of that injury or damage to
health, which is a function of all of the following:
a. Frequency and duration of the exposure of persons
to the hazard (Fr)
b. Likelihood of occurrence of a hazardous event (Pr)
c. Likelihood of avoiding or limiting the injury or
damage to health (Av)

Frequency and duration
Rk roratoq| [Severity of of exposure (Fr) Likelihood of
to th the possible Likelihood of occurrence occurrence
tothe =|injury or and | of a hazardous event (Pr) of that injury
identified d —— — or damage
hazard lamage to Likelihood of avoiding or g

health (Se) limiting injury or damage to health
to health (Av)

Figure F.2.1 Elements of Risk.

F.2.2 Parameters Used in Risk Estimation. In prepara-
tion for the risk assessment, parameters are estimated and
can be entered into Table F.2.5. These parameters should be
based on worst-case considerations for the electrical sys-
tem. Different risk reduction strategies can be implemented
for each hazard. The risk estimation stage is the only one at
which hazards can be eliminated, thus avoiding the need for
additional protective measures, such as safeguarding or
complementary protective measures.

F.2.3 Severity of the Possible Injury or Damage to
Health (Se). Severity of injuries or damage to health can
be estimated by taking into account reversible injuries, ir-
reversible injuries, and death. Typically, the types of haz-
ards to be considered include, but are not limited to, shock
and electrocution, burns, and impact. Choose the appropri-
ate value of severity from Table F.2.3, based on the conse-
quences of an injury, as follows:

(1) 8: a fatal or a significant irreversible injury, such that it
will be very difficult to continue the same work after
healing, if at all

(2) 6: a major or irreversible injury, in such a way that it
can be possible to continue the same work after healing
and can also include a severe major but reversible in-
jury such as broken limbs

(3) 3: a reversible injury, including severe lacerations,
stabbing, and severe bruises, that requires attention
from a medical practitioner
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(4) 1: a minor injury, including scratches and minor bruises
that require attention by first aid.

Select the appropriate value for severity of the possible
injury or damage to health (Se) from Table F.2.3 and insert
in the Se column in Table F.2.5.

Table F.2.3 Severity of the Possible Injury or Damage to
Health (Se) Classification

Severity of Injury or Se
Damage to Health Value
Irreversible — trauma, death 8

Permanent — skeletal damage,
blindness, hearing loss, third
degree burns 6

Reversible — minor impact,
hearing damage, second
degree burns 3

Reversible — minor
laceration, bruises, first
degree burns 1

F.2.4 Likelihood of Occurrence of Injury or Damage to
Health. Each of the three parameters of likelihood of oc-
currence of injury or damage to health (that is, Fr, Pr, and
Av) should be estimated independently of each other. A
worst-case assumption needs to be used for each parameter
to ensure that the protective measures, determined during
risk evaluation, will provide adequate risk reduction. Gen-
erally, the use of a form of hazard/task—based evaluation is
strongly recommended to ensure that proper consideration
is given to the estimation of the likelihood of occurrence of
injury or damage to health.

F.2.4.1 Frequency and Duration of Exposure (Fr). The
following aspects should be considered to determine the
level of exposure:

(1) Need for access to the hazard zone based on all modes
of use; for example, normal operation and maintenance

(2) Nature of access, for example, examination, repair, and
troubleshooting

It should then be possible to estimate the average inter-
val between exposures and, thus, the average frequency of
access.

This factor does not include consideration of the failure
of the short-circuit interruption device(s) or the failure to
use the appropriate PPE.

Select the appropriate row for frequency and duration
of exposure (Fr) from Table F.2.4.1. Insert the appropriate
number under the Fr column in Table F.2.5.
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Table F.2.4.1 Frequency and Duration of Exposure (Fr)
Classification

Fr Value
Frequency of Exposure (for Duration >10 min)
<1 per hour 5
> 1 per hour to < 1 per day 5

> 1 per day to < 1 every 2
weeks 4

> 1 every 2 weeks to < | per
year 3

> 1 per year 2

F.2.4.2 Likelihood of Occurrence of a Hazardous Event
(Pr). The occurrence of a hazardous event influences the
likelihood of the occurrence of injury or damage to health. The
possibility of the hazardous event occurring should describe
the likelihood of the event materializing during the use or
foreseeable misuse, or both, of the electrical system or pro-
cess. Subjectivity may have a substantial impact on the result
of the risk assessment. The use of subjective information
should be minimized as far as reasonably practicable.

The likelihood of occurrence of the hazardous event
should be estimated independently of other related param-
eters (Fr and Av) and will typically be based on the results
of the completed study of the arc flash potential. The worst-
case scenario should be used for this parameter to ensure
that short-circuit interruption device(s) have, where practi-
cable, been properly selected and installed and will provide
adequate protection.

Elements of the electrical system that are intended to
ensure an intrinsically safe design shall be taken into con-
sideration in the determination of the likelihood of the haz-
ardous event(s). These can include, but are not limited to,
the mechanical structure, electrical devices, and electronic
controls integral to the system, the process, or both at the
time of the analysis. Types of components that could con-
tribute to an inherently safe design include, but are not
limited to, current-limiting devices and ground-fault circuit
interrupters.

This parameter can be estimated by taking into account
the following factors:

(1) The predictability of the performance of component
parts of the electrical system relevant to the hazard in dif-
ferent modes of use (e.g., normal operation, maintenance,
fault finding).

At this point in the risk assessment process, the protec-
tive effect of any personal protective equipment (PPE) and
other protective measures should not be taken into account.
This is necessary in order to estimate the amount of risk
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that will be present if the PPE and other protective mea-
sures are not in place at the time of the exposure. In general
terms, it must be considered whether the electrical system
being assessed has the propensity to act in an unexpected
manner. The electrical system performance will vary from
very predictable to not predictable. Unexpected events can-
not be discounted until it can be clearly demonstrated that
the electrical system will perform as expected.

Informational Note: Predictability is often linked to the
complexity of the electrical system and the characteristics
of the energy supply.

(2) The specified or foreseeable characteristics of hu-
man behavior with regard to interaction with the compo-
nent parts of the machine relevant to the hazard, which can
be characterized by one or both of the following:

a. Stress (e.g., due to time constraints, work task, per-
ceived damage limitation)

b. Lack of awareness of information relevant to the
hazard

Human behavior will be influenced by factors such as
skills, training, experience, and complexity of the machine
or the process.

These attributes are not usually directly under the influ-
ence of the electrical system designer, but a task analysis
will reveal activities in which total awareness of all issues,
including unexpected outcomes, cannot be reasonably as-
sumed. “Very high” likelihood of occurrence of a hazard-
ous event should be selected to reflect normal workplace
constraints and worst-case considerations. Positive reasons
(e.g., well-defined application and a high level of user com-
petence) are required for any lower values to be used.

Any required or assumed skills, knowledge, and so
forth, should be stated in the information for use.

Select the appropriate row for likelihood of occurrence
of a hazardous event (Pr) from Table F.2.4.2.

Indicate the appropriate risk level under the Pr column
in Table F.2.5.

Table F.2.4.2 Likelihood of a Hazardous Event (Pr)
Classification

Likelihood of a Pr
Hazardous Event Value
Very high 5
Likely 4
Possible 3
Rare 2
Negligible 1
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F.2.4.3 Likelihood of Avoiding or Limiting Injury or
Damage to Health (Av). This parameter can be estimated
by taking into account aspects of the electrical system de-
sign and its intended application that can help to avoid or
limit the injury or damage to health from a hazard, includ-
ing the following examples:

(1) Sudden or gradual appearance of the hazardous event;
for example, an explosion caused by high fault values
under short-circuit conditions.

(2) Spatial possibility to withdraw from the hazard.

(3) Nature of the component or system; for example, the
use of touch-safe components, which reduce the likeli-
hood of contact with energized parts. Working in close
proximity to high voltage can increase the likelihood of
personnel being exposed to hazards due to approach to
live parts.

(4) Likelihood of recognition of a hazard; for example, as
an electrical hazard, a copper bar does not change its
appearance, whether it is under voltage or not. To rec-
ognize the presence of the hazard, an instrument is
needed to establish whether or not electrical equipment
is energized; thus, both inadvertent and intentional con-
tact need to be considered.

Select the appropriate row for likelihood of avoiding or
limiting injury or damage to health (Av) from Table F.2.4.3.

Insert the appropriate value for risk level in the Av
column in Table F.2.5.

Table F.2.4.3 Likelihood of Avoiding or Limiting Injury or
Damage to Health (Av) Classification

Likelihood of Avoiding or

Limiting Injury or Damage Av
to Health Value
Impossible 5
Rare 3
Probable 1

F.2.5 Risk Level and Likelihood of Injury or Damage to
Health. Once the parameters for each hazard under con-
sideration have been entered in Table F.2.5, the information
can be used in the first step of the risk assessment process
as outlined in Figure F.1(a).

F.3 Risk Reduction.

F.3.1 Protective Measures. Once the risk prior to the ap-
plication of protective measures has been estimated, all prac-
ticable efforts must be made to reduce the risk of injury or
damage to health. Careful consideration of failure modes is an
important part of risk reduction. Care should be taken to en-
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Table F.2.5 Parameters for Determining Risk Levels and
Likelihood of Injury or Damage to Health (See Figure F.2.1)

Zone No. | Hazard Se Fr Pr Av

sure that both technical and behavioral failures, which could
result in ineffective risk reduction, are taken into account dur-
ing the risk reduction stage of the risk assessment.

Situations in which hazard elimination cannot be at-
tained typically require a balanced approach in order to
reduce the likelihood of injury or damage to health. For
example, the effective control of access to an electrical
system requires the use of barriers, awareness placards, safe
operating instructions, qualification and training, and PPE
personnel protective equipment as required by this stan-
dard, as well as initial and refresher or periodic training for
all affected personnel in the area. Engineering controls
alone are not sufficient to reduce the remaining risk to a
tolerable level. Typically, all five areas of risk reduction
must be implemented to achieve the desired result.

Consideration of all five of the items in F.3.1.1 through
E3.1.5 is required to establish an adequate risk reduction
strategy.

F.3.1.1 Engineering Controls. Engineering controls can
have a substantial impact on risk. They should, where prac-
ticable, be considered and analyzed. Typically, engineering
controls take the form of barriers and other safeguarding
devices as described in NFPA 70, National Electrical Code;
IEC 60204-1 ed 5.1 Consol. with am 1, Safety of Machin-
ery — Electrical Equipment of Machines — Part 1: Gen-
eral Requirements; and NFPA 79, Electrical Standard for
Industrial Machinery.

F.3.1.2 Awareness Devices. Awareness means can be
used to complement the effects of engineering controls with
regard to risk reduction. They should be chosen based on
the design configuration for each specific application and
their potential effectiveness during foreseen interaction.
Each design and configuration can require unique aware-
ness devices in order to have the desired impact on risk.
Typically, awareness means take the form of signs, visual
alarms, audible alarms, and so forth.

F.3.1.3 Procedures. Procedures and instructions that are
required for individual(s) to safely interact with the electri-
cal system should be identified. The procedures and
instructions should include descriptions of the hazards, the
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possible hazardous events, hazardous situations, and the
protective measures that need to be implemented. Proce-
dures and instructions should also be used to communicate
foreseeable misuse of the system that could contribute to an
increased level of risk. Typically, formal procedures are
provided in written form; however, in some cases, verbal
instruction can be provided. Care should be taken in the
latter case to ensure that the verbal instructions will have
the desired impact on risk.

F.3.1.4 Training. Training, with regard to the proper in-
teraction and for foreseeable inappropriate interaction with
the electrical system, must be completed. The intent of the
training is to ensure that all affected personnel are able to
understand when and how hazardous situations can arise
and how to best reduce the risk associated with those situ-
ations. Typically, training for individuals interacting with
electrical systems will include technical information re-
garding hazards, hazardous situations, or both as well as
information related to potential failure modes that could
affect risk. This type of training generally will be provided
by a trainer who has an in-depth understanding of electrical
system design, as well as experience in the field of adult
education. Less technical training content could be appro-
priate in situations in which only awareness of electrical
hazards is needed to ensure that unqualified personnel do
not interact with the electrical system.

F.3.1.5 Personal Protective Equipment (PPE). The elec-
trical system must be analyzed in order to determine the
appropriate PPE. Once the appropriate PPE has been deter-
mined, personnel must maintain and use it as required in
order to ensure that residual risk remains at the desired
level.

F.4 Risk Evaluation.

F.4.1 Risk Evaluation. Once the appropriate protective
measures described in F.3.1 have been applied, the effect of
those measures on the elements of risk (see Figure F.2.1)
should be taken into account. Each type of protective mea-
sure could affect one or more of the elements that contrib-
ute to risk. The effects on risk or on the individual elements
of risk, should be considered in the final risk estimation.
The cumulative effect of the final combination of protective
measures can then be used to estimate the residual risk.
Paragraphs F.4.1.1 through F.4.1.5 provide a general, non-
exhaustive outline that can be used as a guide to the final
estimation of risk.

F.4.1.1 Design — Elimination or Substitution by Design.

(a) Elimination of the hazard — impacts both severity
of injury or damage to health and likelihood of injury or
damage to health
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Failure mode(s) examples:
(1) Component(s) failure
(2) Application of an incorrect construction or manufactur-
ing specification
(3) Incorrect calculation (that is, potential energy, toxicity,
strength, durability)
(4) Inadequate procurement control
(5) Incorrect or insufficient maintenance, or both
(b) Substitution — can affect severity of injury or dam-
age to health, frequency of exposure to the hazard under
consideration, or the likelihood of avoiding or limiting in-
jury or damage to health, depending on which method of
substitution or combination thereof is applied.
Failure mode(s) examples:
(1) Unexpected or unanticipated interaction
(2) Excessive production pressure
(3) Inadequate procurement control

F.4.1.2 Design — Use of Engineering Controls.

(a) Greatest impact on the likelihood of a hazardous
event(s) under certain circumstances
(b) No impact on severity of injury or damage to
health
Failure mode(s) examples:
(1) Incorrect application of construction or manufacturing
specification
(2) Unanticipated tasks
(3) Incentive to circumvent or reduce effectiveness
(4) Excessive production pressure
(5) Protective system failure

F.4.1.3 Use of Systems that Increase Awareness of Po-
tential Hazards.

(a) Potential impact on avoiding or limiting injury or
damage to health

(b) Potential impact on inadvertent exposure

(c) Minimal or no impact on severity of injury or dam-
age to health

Failure mode(s) examples:
(1) Too many warning signs
(2) Depreciation of effect over time
(3) Lack of understanding

F.4.1.4 Organization and Application of a Safe System
of Work.

F.4.1.4.1 Personnel training.

(a) Greatest impact on avoiding or limiting injury or
damage to health
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(b) Minimal, if any, impact on severity of injury or
damage to health
(c) Possible impact on the likelihood of a hazardous
event(s) under certain circumstances
Failure mode(s) examples:
(1) Training not understood
(2) Identified hazards not clearly communicated
(3) Depreciation of effect over time
(4) Training material not current
(5) Training not consistent with instructions

(6) Training material not inclusive of detail regarding how
to perform work

F.4.1.4.2 Access restrictions.

(a) Greatest impact on exposure

(b) No impact on severity of injury or damage to
health

Failure mode(s) examples:
(1) Work permit system does not exist
(2) Competency complacency

(3) Insufficient monitoring, control, or corrective actions,
or combination thereof

F.4.1.4.3 Safe work procedures.

(a) Greatest impact on avoiding or limiting injury or
damage to health

(b) Minimal, if any, impact on severity of injury or
damage to health

(c) Possible impact on the likelihood of a hazardous
event(s) under certain circumstances

Failure mode(s) examples:
(1) Inconsistent with the current culture

(2) Procedures not current or accessible

(3) Does not consider all tasks, hazards, hazardous situa-
tions, or combination thereof

(4) Insufficient monitoring, control, corrective actions, or
combination thereof

(5) Instructions not consistent with training content

(6) Content too general (e.g., “Don’t touch the live parts;
Be careful.”)

F.4.1.4.4 Policies and instructions.

(a) Greatest impact on exposure

(b) Possible impact on the likelihood of a hazardous
event(s) under certain circumstances

(¢) Minimal or no impact on severity of injury or dam-
age to health
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Failure mode(s) examples:
(1) Policies and instructions inconsistent
(2) Instructions not clearly communicated or accessible

(3) Insufficient monitoring, control, or corrective actions,
or combination thereof

(4) Allows personnel to make the decision to work live
without adequate justification

F.4.1.5 Personal Protective Equipment (PPE).

(a) Greatest impact on avoiding or limiting injury or
damage to health

(b) Potential impact on inadvertent exposure

(c) Minimal impact on severity of injury or damage to
health

(d) No impact on the likelihood of a hazardous
event(s)

Failure mode(s) examples:
(1) Reason for use not understood
(2) Creates barriers to effective completion of the work

(3) PPE specification inappropriate for the considered haz-
ards

(4) Production pressure does not afford time to use or
maintain

(5) Worker forgets to use when needed
(6) Excessive discomfort
(7) Perceived invulnerability

(8) Insufficient monitoring, control, corrective actions, or
combination thereof

F.5 Risk Reduction Verification.

F.5.1 Verification. Once the assessment has been com-
pleted and protective measures have been determined, it is
imperative to ensure that the protective measures are imple-
mented prior to initiating the electrical work. While this
procedure might not result in a reduction of the PPE re-
quired, it could improve the understanding of the properties
of the hazards associated with a task to a greater extent and
thus allow for improvement in the implementation of the
protective measures that have been selected.

F.5.2 Auditing. For each activity that has been assessed, it
might be necessary to audit the risk reduction strategy that
is applicable. If an audit is required, the auditing process
should take place prior to commencement of work on elec-
trical systems. An example of a nonexhaustive audit is
shown in Figure F.5.2. Each audit process might need to be
specific to the properties of the electrical system, to the task
to be performed, or to both.
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Hazard (situation)

Risk Reduction Strategy

Confirmation
(in place)
Yes / No

Human factors
(mistakes)

Training and instructions include details regarding hazardous
situations that could arise.

Human factors
(willful disregard)

Policies and supervision are in place in order to ensure that
instructions are followed.

Ungqualified person
performing electrical work

Work permit system is in place to control personnel activities.

Inappropriate overcurrent
protection

Instructions include details regarding the selection or
replacement of fuses and/or circuit breakers.

Short circuits between
test leads

Training and instructions include details regarding care and
inspection of testing equipment.

Meter malfunctions

Training and instructions include details regarding care and
inspection of testing equipment.

Meter misapplication

Training and instructions include details regarding use of testing
equipment.

Qualified person
performing electrical
work that exceeds
individual’s qualification

Work permit system is in place to control personnel activities.

Figure F.5.2 Sample Auditing Form.
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Informative Annex G Sample Lockout/Tagout Procedure

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

Lockout is the preferred method of controlling person-
nel exposure to electrical energy hazards. Tagout is an al-
ternative method that is available to employers. To assist
employers in developing a procedure that meets the re-
quirement of 120.2 of NFPA 70E, the sample procedure that
follows is provided for use in lockout and tagout programs.
This procedure can be used for a simple lockout/tagout, or
as part of a complex lockout/tagout. A more comprehensive
plan will need to be developed, documented, and used for
the complex lockout/tagout.

LOCKOUT/TAGOUT PROCEDURE
FOR [COMPANY NAME]
OR
TAGOUT PROCEDURE FOR [COMPANY NAME]

1.0 Purpose. This procedure establishes the minimum re-
quirements for lockout/tagout of electrical energy sources.
It is to be used to ensure that conductors and circuit parts
are disconnected from sources of electrical energy, locked
(tagged), and tested before work begins where employees
could be exposed to dangerous conditions. Sources of
stored energy, such as capacitors or springs, shall be re-
lieved of their energy, and a mechanism shall be engaged to
prevent the reaccumulation of energy.

2.0 Responsibility. All employees shall be instructed in
the safety significance of the lockout/tagout procedure. All
new or transferred employees and all other persons whose
work operations are or might be in the area shall be in-
structed in the purpose and use of this procedure. [Name(s)
of the person(s) or the job title(s) of the employee(s) with
responsibility] shall ensure that appropriate personnel re-
ceive instructions on their roles and responsibilities. All
persons installing a lockout/tagout device shall sign their
names and the date on the tag [or state how the name of the
individual or person in charge will be available].

3.0 Preparation for Lockout/Tagout.

3.1 Review current diagrammatic drawings (or their
equivalent), tags, labels, and signs to identify and locate all
disconnecting means to determine that power is interrupted
by a physical break and not de-energized by a circuit inter-
lock. Make a list of disconnecting means to be locked
(tagged).

3.2 Review disconnecting means to determine adequacy of
their interrupting ability. Determine if it will be possible to
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verify a visible open point, or if other precautions will be
necessary.

3.3 Review other work activity to identify where and how
other personnel might be exposed to electrical hazards. Re-
view other energy sources in the physical area to determine
employee exposure to those sources of other types of en-
ergy. Establish energy control methods for control of other
hazardous energy sources in the area.

3.4 Provide an adequately rated test instrument to test each
phase conductor or circuit part to verify that they are de-
energized (see Section 11.3). Provide a method to deter-
mine that the test instrument is operating satisfactorily.

3.5 Where the possibility of induced voltages or stored
electrical energy exists, call for grounding the phase con-
ductors or circuit parts before touching them. Where it
could be reasonably anticipated that contact with other ex-
posed energized conductors or circuit parts is possible, call
for applying ground connecting devices.

4.0 Simple Lockout/Tagout. The simple lockout/tagout
procedure will involve 1.0 through 3.0, 5.0 through 9.0, and
11.0 through 13.0.

5.0 Sequence of Lockout/Tagout System Procedures.

5.1 The employees shall be notified that a lockout/tagout
system is going to be implemented and the reason for it.
The qualified employee implementing the lockout/tagout
shall know the disconnecting means location for all sources
of electrical energy and the location of all sources of stored
energy. The qualified person shall be knowledgeable of
hazards associated with electrical energy.

5.2 If the electrical supply is energized, the qualified per-
son shall de-energize and disconnect the electric supply and
relieve all stored energy.

5.3 Wherever possible, the blades of disconnecting devices
should be visually verified to be fully opened, or draw-out
type circuit breakers should be verified to be completely
withdrawn to the fully disconnected position.

5.4 Lockout/tagout all disconnecting means with lockout/
tagout devices.

Informational Note: For tagout, one additional safety mea-

sure must be employed, such as opening, blocking, or re-
moving an additional circuit element.
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5.5 Attempt to operate the disconnecting means to deter-
mine that operation is prohibited.

5.6 A test instrument shall be used. (See 11.3.) Inspect the
instrument for visible damage. Do not proceed if there is an
indication of damage to the instrument until an undamaged
device is available.

5.7 Verify proper instrument operation and then test for
absence of voltage.

5.8 Verify proper instrument operation after testing for ab-
sence of voltage.

5.9 Where required, install a grounding equipment/conductor
device on the phase conductors or circuit parts, to eliminate
induced voltage or stored energy, before touching them.
Where it has been determined that contact with other exposed
energized conductors or circuit parts is possible, apply ground
connecting devices rated for the available fault duty.

5.10 The equipment, electrical source, or both are now
locked out (tagged out).

6.0 Restoring the Equipment, Electrical Supply, or
Both to Normal Condition.

6.1 After the job or task is complete, visually verify that
the job or task is complete.

6.2 Remove all tools, equipment, and unused materials and
perform appropriate housekeeping.

6.3 Remove all grounding equipment/conductors/devices.

6.4 Notify all personnel involved with the job or task that
the lockout/tagout is complete, that the electrical supply is
being restored, and that they are to remain clear of the
equipment and electrical supply.

6.5 Perform any quality control tests or checks on the
repaired or replaced equipment, electrical supply, or both.

6.6 Remove lockout/tagout devices. The person who in-
stalled the devices is to remove them.

6.7 Notify the owner of the equipment, electrical supply, or
both, that the equipment, electrical supply, or both are

ready to be returned to normal operation.

6.8 Return the disconnecting means to their normal condi-
tion.

7.0 Procedure Involving More Than One Person. For a
simple lockout/tagout and where more than one person is
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involved in the job or task, each person shall install his or
her own personal lockout/tagout device.

8.0 Procedure Involving More Than One Shift. When
the lockout/tagout extends for more than one day, it shall be
verified that the lockout/tagout is still in place at the begin-
ning of the next day. When the lockout/tagout is continued
on successive shifts, the lockout/tagout is considered to be
a complex lockout/tagout.

For a complex lockout/tagout, the person in charge
shall identify the method for transfer of the lockout/tagout
and of communication with all employees.

9.0 Complex Lockout/Tagout. A complex lockout/tagout
plan is required where one or more of the following exist:

(1) Multiple energy sources (more than one)
(2) Multiple crews

(3) Multiple crafts

(4) Multiple locations

(5) Multiple employers

(6) Unique disconnecting means

(7) Complex or particular switching sequences

(8) Lockout/tagout for more than one shift; that is, new
shift workers

9.1 All complex lockout/tagout procedures shall require a
written plan of execution. The plan shall include the re-
quirements in 1.0 through 3.0, 5.0, 6.0, and 8.0 through
12.0.

9.2 A person in charge shall be involved with a complex
lockout/tagout procedure. The person in charge shall be at
the procedure location.

9.3 The person in charge shall develop a written plan of
execution and communicate that plan to all persons engaged in
the job or task. The person in charge shall be held accountable
for safe execution of the complex lockout/tagout plan. The
complex lockout/tagout plan must address all the concerns of
employees who might be exposed, and they must understand
how electrical energy is controlled. The person in charge shall
ensure that each person understands the electrical hazards to
which they are exposed and the safety-related work practices
they are to use.

9.4 All complex lockout/tagout plans identify the method
to account for all persons who might be exposed to electri-
cal hazards in the course of the lockout/tagout.

One of the following methods is to be used:

(1) Each individual shall install his or her own personal
lockout or tagout device.

ELECTRICAL SAFETY IN THE WORKPLACE

\,
2015 Edition @



Provided by : www.spic.ir

INFORMATIVE ANNEX G

(2) The person in charge shall lock his/her key in a lock
box.

(3) The person in charge shall maintain a sign-in/sign-out
log for all personnel entering the area.

(4) Another equally effective methodology shall be used.

9.5 The person in charge can install locks/tags or direct
their installation on behalf of other employees.

9.6 The person in charge can remove locks/tags or direct
their removal on behalf of other employees, only after all
personnel are accounted for and ensured to be clear of
potential electrical hazards.

9.7 Where the complex lockout/tagout is continued on suc-
cessive shifts, the person in charge shall identify the
method for transfer of the lockout and the method of com-
munication with all employees.

© 10.0 Discipline.

10.1 Knowingly violating this procedure will result in
[state disciplinary actions that will be taken].

10.2 Knowingly operating a disconnecting means with an
1 installed lockout device (tagout device) will result in [state

disciplinary actions to be taken].
11.0 Equipment.

11.1 Locks shall be [state type and model of selected
locks].

'EE 2015 Edition ELECTRICAL SAFETY IN THE WORKPLACE

11.2 Tags shall be [state type and model to be used].

11.3 The test instrument(s) to be used shall be [state type
and model].

12.0 Review. This procedure was last reviewed on [date]
and is scheduled to be reviewed again on [date] (not more
than 1 year from the last review).

13.0 Lockout/Tagout Training. Recommended training
can include, but is not limited to, the following:

(1) Recognition of lockout/tagout devices

(2) Installation of lockout/tagout devices

(3) Duty of employer in writing procedures

(4) Duty of employee in executing procedures

(5) Duty of person in charge

(6) Authorized and unauthorized removal of locks/tags

(7) Enforcement of execution of lockout/tagout
procedures

(8) Simple lockout/tagout
(9) Complex lockout/tagout

(10) Use of single-line and diagrammatic drawings to iden-
tify sources of energy

(11) Alerting techniques
(12) Release of stored energy
(13) Personnel accounting methods

(14) Temporary protective grounding equipment needs and
requirements

(15) Safe use of test instruments
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Informative Annex H Guidance on Selection of Protective Clothing and Other Personal
Protective Equipment (PPE)

This informative annex is not a part of the requirements of

this NFPA document but is included for informational pur-
poses only.

H.1 Arc-Rated Clothing and Other Personal Protective
Equipment (PPE) for Use with Arc Flash PPE Catego-
ries. Table 130.7(C)(15)(A)(a), Table 130.7(C)(15)(A)(b),
Table 130.7(C)(15)(B), and Table 130.7(C)(16) provide
guidance for the selection and use of PPE when using arc
flash PPE categories.

H.2 Simplified Two-Category Clothing Approach for
Use with Table 130.7(C)(15)(A)(a), Table
130.7(C)(15)(A)(b), Table 130.7(C)(15)(B), and Table
130.7(C)(16). The use of Table H.2 is a simplified ap-
proach to provide minimum PPE for electrical workers
within facilities with large and diverse electrical systems.
The clothing listed in Table H.2 fulfills the minimum arc-
rated clothing requirements of Table 130.7(C)(15)(A)(a),
Table 130.7(C)(15)(A)(b), Table 130.7(C)(15)(B), and
Table 130.7(C)(16). The clothing systems listed in this
table should be used with the other PPE appropriate for the
arc flash PPE category [see Table 130.7(C)(16)]. The notes
to Table 130.7(C)(15)(A)(a), Table 130.7(C)(15)(A)(b), and
Table 130.7(C)(15)(B), must apply as shown in those
tables.

H.3 Arc-Rated Clothing and Other Personal Protective
Equipment (PPE) for Use with Risk Assessment of Elec-
trical Hazards. Table H.3(a) provides a summary of spe-
cific sections within the NFPA 70E standard describing PPE
for electrical hazards. Table H.3(b) provides guidance on
the selection of arc-rated and other PPE for users who de-
termine the incident energy exposure (in cal/cm?).

Table H.2 Simplified Two-Category, Arc-Rated Clothing
System

Clothing® Applicable Tasks

Everyday Work Clothing
Arc-rated long-sleeve shirt

All arc flash PPE category 1
and arc flash PPE category 2
with arc-rated pants tasks listed in Table
(minimum arc rating of 8) 130.7(C)(15)(A)(a), Table
or 130.7(C)(15)(A)(b), and Table
Arc-rated coveralls 130.7(C)(15)(B)®
(minimum arc rating of 8)

Arc Flash Suit

A total clothing system
consisting of arc-rated shirt
and pants and/or arc-rated
coveralls and/or arc flash

coat and pants (clothing
system minimum arc rating

of 40)

All arc flash PPE category 3
and arc flash PPE category 4
tasks listed in Table
130.7(C)(15)(A)(a), Table
130.7(C)(15)(A)(b), and Table
130.7(C)(15)(B)°®

“Note that other PPE listed in Table 130.7(C)(16), which include
arc-rated face shields or arc flash suit hoods, arc-rated hard hat
liners, safety glasses or safety goggles, hard hats, hearing protec-
tion, heavy-duty leather gloves, rubber insulating gloves, and
leather protectors, could be required. The arc rating for a garment
is expressed in cal/cm?.

®The estimated available short-circuit current capacities and fault clearing
times or arcing durations are listed in the text of Table
130.7(C)(15)(A)(b) and Table 130.7(C)(15)(B). Various tasks are listed in
Table 130.7(C)(15)(A)(a). For tasks not listed or for power systems with
greater than the estimated available short-circuit capacity or with longer
than the assumed fault clearing times or arcing durations, an arc flash risk
assessment is required in accordance with 130.5.

Tables H.3(a) and (b) were revised by a tentative
interim amendment (TIA). See page 1.

Table H.3(a) Summary of Specific Sections Describing PPE for Electrical Hazards

Shock Hazard PPE

Applicable Section(s)

Rubber insulating gloves and leather 130.7(C)(7)(a)
protectors (unless the requirements of
ASTM F 496 are met)
Rubber insulating sleeves (as needed) 130.7(C)(7)(a)
Class G or E hard hat (as needed) 130.7(C)(3)
Safety glasses or goggles (as needed) 130.7(C)(4)
Dielectric overshoes (as needed) 130.7(C)(8)
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Table H.3(a) Summary of Specific Sections Describing PPE for Electrical Hazards

Arc Flash Hazard PPE

Applicable Section(s)

Incident energy exposures up to 1.2 cal/cm®

Clothing: nonmelting or untreated natural
fiber long-sleeve shirt and long pants or
coverall

Gloves: heavy-duty leather

Hard hat: class G or E

Face shield: covers the face, neck, and chin
. (as needed)

Safety glasses or goggles

Ii;learing protection

I%*ootwear: heavy-duty leather (as needed)

?,ncident Energy Exposures > 1.2 cal/cm?

ECllothing: arc-rated clothing system with an
arc rating appropriate to the anticipated

incident energy exposure

Clothing underlayers (when used): arc-rated
or nonmelting untreated natural fiber

Gloves:

Exposures > 1.2 cal/cm” and < 8 cal/cm®:
heavy-duty leather gloves

Exposures > 8 cal/cm?: rubber insulating
gloves with their leather protectors; or
arc-rated gloves

Hard hat: class G or E

Face shield:

Exposures >1.2 cal/cm? and 12 cal/cm?:

arc-rated face shield that covers the face,
neck, and chin and an arc-rated balaclava
or an arc-rated arc flash suit hood

Exposures >12 cal/cm?: arc-rated arc flash
suit hood

Safety glasses or goggles
Hearing protection
Footwear:

Exposures <4 cal/cm?: heavy-duty leather
footwear (as needed)

Exposures > 4 cal/cm?: heavy-duty leather
footwear

130.7(C)(1); 130.7(C)(9)(d)

130.7(C)(7)(b); 130.7(C)(10)(d)
130.7(C)(3)

130.7(C)(3)

130.7(C)(4); 130.7(C)(10)(c)
130.7(C)(5)

130.7(C)(10)(e)

130.7(C)(1); 130.7(C)(2); 130.7(C)(6);
130.7(C)(9)(d)

130.7(C)(9)(c); 130.7(C)(11); 130.7(C)(12)

130.7(C)(7)(b); 130.7(C)(10)(d)

130.7(C)(1); 130.7(C)(3)

130.7(C)(1); 130.7(C)(3); 130.7(C)(10)(a);
130.7(C)(10)(b); 130.7(C)(10)(c)

130.7(C)(4); 130.7(C)(10)(c)
130.7(C)(5)

130.7(C)(10)(e)

ELECTRICAL SAFETY IN THE WORKPLACE
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Table H.3(b) Guidance on Selection of Arc-Rated Clothing and Other PPE for Use When

Incident Energy Exposure Is Determined

Incident Energy Exposure

Protective Clothing and PPE

< 1.2 cal/cm?

Protective clothing, nonmelting (in accordance with
ASTM F 1506) or untreated natural fiber

Shirt (long sleeve) and pants (long) or coverall

Other PPE

Face shield for projectile protection (AN)
Safety glasses or safety goggles (SR)
Hearing protection

Heavy-duty leather gloves or rubber insulating gloves with leather protectors
(AN)

> 1.2 to 12 cal/cm®

Arc-rated clothing and equipment with an arc rating
equal to or greater than the determined incident energy
(See Note 3.)

Arc-rated long-sleeve shirt and arc-rated pants or arc-rated coverall or arc
flash suit (SR) (See Note 3.)

Arc-rated face shield and arc-rated balaclava or arc flash suit hood (SR)
(See Note 1.)

Arc-rated jacket, parka, or rainwear (AN)

Other PPE

> 12 cal/em?

Arc-rated clothing and equipment with an arc rating
equal to or greater than the determined incident energy
(See Note 3.)

Other PPE

Hard hat
Arc-rated hard hat liner (AN)
Safety glasses or safety goggles (SR)

Hearing protection
Heavy-duty leather gloves or rubber insulating gloves with leather protectors
(SR) (See Note 4.)

Leather footwear

Arc-rated long-sleeve shirt and arc-rated pants or arc-rated coverall and/or
arc flash suit (SR)

Arc-rated arc flash suit hood

Arc-rated gloves

Arc-rated jacket, parka, or rainwear (AN)
Hard hat

Arc-rated hard hat liner (AN)

Safety glasses or safety goggles (SR)
Hearing protection

Arc-rated gloves or rubber insulating gloves with leather protectors (SR)
(See Note 4.)

Leather footwear

AN: As needed [in addition to the protective clothing and PPE required by 130.5(C)(1)].

SR: Selection of one in group is required by 130.5(C)(1).
Notes:

(1y.Face shields with a wrap-around guarding to protect the face, chin, forehead, ears, and neck area are
required by 130.7(C)(10)(c). For full head and neck protection, use a balaclava or an arc flash hood.

(2y All items not designated “AN” are required by 130.7(C).

(3)Arc ratings can be for a single layer, such as an arc-rated shirt and pants or a coverall, or for an arc flash suit
or a multi-layer system consisting of a combination of arc-rated shirt and pants, coverall, and arc flash suit.

(4): Rubber insulating gloves with leather protectors provide arc flash protection in addition to shock
protection. Higher class rubber insulating gloves with leather protectors, due to their increased material

thickness, provide increased arc flash protection.
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Informative Annex I Job Briefing and
Planning Checklist

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

L1 Job Briefing and Planning Checklist. Figure 1.1 il-
lustrates considerations for a job briefing and planning
checklist.

Identify

1 Hazards 1d Shock protection

1 Voltage levels involved boundaries

O Skills required 1d Available incident energy

QO Any “foreign” (secondar d Potential for arc flash
Sof,',ce) \,gnaée source y (CondL_Jct an arc flash hazard

4 Any unusual work conditions O aAnalf)IIS'SH)b d

[ Number of people needed to re flash boundary
do the job

Ask

0 Can the equipment be u Isa_stangby person
de-energized? required?

1 Are backfeeds of the circuits
to be worked on possible?

Check
1 Job plans Safety procedures
1 Single-line diagrams and Vendor information

vendor prints Individuals are familiar with
[ Status board the facility
a

Information on plant and
vendor resources is up to date

ood

Know
1 What the job is 1 Who is in charge

d Who else needs to know —
Communicate!

Think

1d About the unexpected 1 Install and remove temporary
event ... What if? protective grounding

O Lock — Tag — Test — Try equipment

0 Test for voltage — FIRST 1 Install barriers and barricades

1 Use the right tools and 0 Whatelse ... ?

equipment, including PPE

Prepare for an emergency
3 Is the standby person CPR [ What is the exact work

trained? location?
1 Is the required emergency 1 How is the equipment shut off
equipment available? in an emergency?
Where is it? 1 Are the emergency telephone
J Where is the nearest numbers known?
telephone? 0 Where is the fire extinguisher?
0 Where is the fire alarm? 0 Are radio communications
1 Is confined space rescue available?
available?

Figure 1.1 Sample Job Briefing and Planning Checklist.

'ﬁﬂ 2015 Edition ELECTRICAL SAFETY IN THE WORKPLACE

Informative Annex J Energized Electrical
Work Permit

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

J.1 Energized Electrical Work Permit Sample. Figure
J.1 illustrates considerations for an energized electrical
work permit.

J.2 Energized Electrical Work Permit. Figure J.2 illus-
trates items to consider when determining the need for an
energized electrical work permit.
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ENERGIZED ELECTRICAL WORK PERMIT

PART I: TO BE COMPLETED BY THE REQUESTER:
Job/Work Order Number

(1) Description of circuit/equipment/job location:

(2) Description of work to be done:

(3) Justification of why the circuit/equipment cannot be de-energized or the work deferred until the next scheduled outage:

Requester/Title Date

PART II: TO BE COMPLETED BY THE ELECTRICALLY QUALIFIED PERSONS DOING THE WORK:

(1) Detailed job description procedure to be used in performing the above detailed work:

(2) Description of the safe work practices to be employed:

(3) Results of the shock risk assessment:

(a) Voltage to which personnel will be exposed
(b) Limited approach boundary
(c) Restricted approach boundary

(d) Necessary shock, personal, and other protective equipment to safely perform assigned task

(4) Results of the arc flash risk assessment:

(a) Available incident energy at the working distance or arc flash PPE category
(b) Necessary arc flash personal and other protective equipment to safely perform the assigned task

(c) Arc flash boundary

(5) Means employed to restrict the access of unqualified persons from the work area:

(6) Evidence of completion of a job briefing, including discussion of any job-related hazards:

(7) Do you agree the above-described work can be done safely? 1 Yes 4 No (If no, return to requester.)

Electrically Qualified Person(s) Date

Electrically Qualified Person(s) Date

PART lll: APPROVAL(S) TO PERFORM THE WORK WHILE ELECTRICALLY ENERGIZED:

Check when
complete

0

O

Ooogo

0 0O oog

Manufacturing Manager Maintenance/Engineering Manager
Safety Manager Electrically Knowledgeable Person
General Manager Date

Note: Once the work is complete, forward this form to the site Safety Department for review and retention.

© 2014 National Fire Protection Association

NFPA 70E

Figure J.1 Sample Permit for Energized Electrical Work.
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Start

What
type of work is
to be performed?

Will any physical
alterations be done, such
as making or tightening
connections or removing
or replacing
components?

What is
the voltage
level?

Are there
exposed live
parts?

> 50 volts

< 50 volts

The decision to
de-energize
should include

consideration of Apply good
the capacity of the maintenance Follow Section 130.7
electrical source practices and for PPE requirements.
and any overcurrent protect the

Permit to Work required

protection (fuse (as applicable at location)

or circuit breaker)

electrical systems
and parts from

between the source mechanical No Energizeq Elecltrical
and the worker. damage. Work Permit required
Y Y Y

Will the
equipment be
put in an electrically
safe work condition?

 Disconnected
* Locked out

* Tested

* Grounded

Follow Lockout/Tagout
(Section 120.2).

Permit to Work required
(as applicable at
location)

Follow Section 130.7
for PPE requirements.

Permit to Work required
(as applicable at location)

Energized Electrical
Work Permit required

Is the
equipment now
in an electrically
safe work condition?
* Disconnected
* Locked out

* Tested

* Grounded

A A

Test Before Touch Identify the Hazards

Follow All Safe Work Practices That Apply

Figure J.2 Energized Electrical Work Permit Flow Chart.
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Proceed to Work
SAFELY
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Informative Annex K General Categories of Electrical Hazards

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

K.1 General Categories. There are three general categories
of electrical hazards: electrical shock, arc flash, and arc blast.

K.2 Electric Shock. Approximately 30,000 nonfatal elec-
trical shock accidents occur each year. The National Safety
Council estimates that about 1000 fatalities each year are
due to electrocution, more than half of them while servicing
energized systems of less than 600 volts.

Electrocution is the fourth leading cause of industrial
fatalities, after traffic, homicide, and construction accidents.
The current required to light a 7'5-watt, 120-volt lamp, if
passed across the chest, is enough to cause a fatality. The
most damaging paths through the body are through the
lungs, heart, and brain.

K.3 Arc Flash. When an electric current passes through
air between ungrounded conductors or between ungrounded
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conductors and grounded conductors, the temperatures can
reach 35,000°F. Exposure to these extreme temperatures
both burns the skin directly and causes ignition of clothing,
which adds to the burn injury. The majority of hospital
admissions due to electrical accidents are from arc flash
burns, not from shocks. Each year more than 2000 people
are admitted to burn centers with severe arc flash burns.
Arc flashes can and do kill at distances of 3 m (10 ft).

K.4 Arc Blast. The tremendous temperatures of the arc
cause the explosive expansion of both the surrounding air
and the metal in the arc path. For example, copper expands
by a factor of 67,000 times when it turns from a solid to a
vapor. The danger associated with this expansion is one of
high pressures, sound, and shrapnel. The high pressures can
easily exceed hundreds or even thousands of pounds per
square foot, knocking workers off ladders, rupturing ear-
drums, and collapsing lungs. The sounds associated with
these pressures can exceed 160 dB. Finally, material and
molten metal are expelled away from the arc at speeds
exceeding 1120 km/hr (700 mph), fast enough for shrapnel
to completely penetrate the human body.
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INFORMATIVE ANNEX L

Informative Annex L. Typical Application of Safeguards in the Cell Line Working Zone

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

L.1 Application of Safeguards. This informative annex
permits a typical application of safeguards in electrolytic
areas where electrical hazards exist. Take, for example, an
employee working on an energized cell. The employee uses
manual contact to make adjustments and repairs. Conse-
quently, the exposed energized cell and grounded metal
floor could present an electrical hazard. Safeguards for this
employee can be provided in the following ways:

(1) Protective boots can be worn that isolate the employ-
ee’s feet from the floor and that provide a safeguard
from the electrical hazard.

(2) Protective gloves can be worn that isolate the employ-
ee’s hands from the energized cell and that provide a
safeguard.

(3) If the work task causes severe deterioration, wear, or
damage to personal protective equipment (PPE), the
employee might have to wear both protective gloves
and boots.

(4) A permanent or temporary insulating surface can be
provided for the employee to stand on to provide a
safeguard.

'EE 2015 Edition ELECTRICAL SAFETY IN THE WORKPLACE

(5) The design of the installation can be modified to pro-
vide a conductive surface for the employee to stand on.
If the conductive surface is bonded to the cell, a safe-
guard will be provided by voltage equalization.

(6) Safe work practices can provide safeguards. If protec-
tive boots are worn, the employee should not make
long reaches over energized (or grounded) surfaces
such that his or her elbow bypasses the safeguard. If
such movements are required, protective sleeves, pro-
tective mats, or special tools should be used. Training
on the nature of electrical hazards and proper use and
condition of safeguards is, in itself, a safeguard.

(7) The energized cell can be temporarily bonded to
ground.

L.2 Electrical Power Receptacles. Power supply circuits
and receptacles in the cell line area for portable electric
equipment should meet the requirements of 668.21 of
NFPA 70, National Electrical Code. However, it is recom-
mended that receptacles for portable electric equipment not
be installed in electrolytic cell areas and that only
pneumatic-powered portable tools and equipment be used.
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INFORMATIVE ANNEX M

Informative Annex M Layering of Protective Clothing and Total System Arc Rating

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

M.1 Layering of Protective Clothing.

M.1.1 Layering of arc-rated clothing is an effective ap-
proach to achieving the required arc rating. The use of all
arc-rated clothing layers will result in achieving the re-
quired arc rating with the lowest number of layers and
lowest clothing system weight. Garments that are not arc-
rated should not be used to increase the arc rating of a
garment or of a clothing system.

M.1.2 The total system of protective clothing can be se-
lected to take credit for the protection provided by all the
layers of clothing that are worn. For example, to achieve an
arc rating of 40 cal/cm?, an arc flash suit with an arc rating
of 40 cal/cm? could be worn over a cotton shirt and cotton
pants. Alternatively, an arc flash suit with a 25 cal/cm? arc
rating could be worn over an arc-rated shirt and arc-rated
pants with an arc rating of 8 cal/cm® to achieve a total
system arc rating of 40 cal/cm?. This latter approach pro-
vides the required arc rating at a lower weight and with
fewer total layers of fabric and, consequently, would pro-
vide the required protection with a higher level of worker
comfort.

M.2 Layering Using Arc-Rated Clothing over Natural
Fiber Clothing Underlayers.

M.2.1 Under some exposure conditions, natural fiber un-
derlayers can ignite even when they are worn under arc-
rated clothing.
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M.2.2 If the arc flash exposure is sufficient to break open
all the arc-rated clothing outerlayer or underlayers, the
natural fiber underlayer can ignite and cause more severe
burn injuries to an expanded area of the body. This is due to
the natural fiber underlayers burning onto areas of the
worker’s body that were not exposed by the arc flash event.
This can occur when the natural fiber underlayer continues
to burn underneath arc-rated clothing layers even in areas
in which the arc-rated clothing layer or layers are not bro-
ken open due to a “chimney effect.”

M.3 Total System Arc Rating.

M.3.1 The total system arc rating is the arc rating obtained
when all clothing layers worn by a worker are tested as a
multilayer test sample. An example of a clothing system is
an arc-rated coverall worn over an arc-rated shirt and arc-
rated pants in which all of the garments are constructed
from the same arc-rated fabric. For this two-layer arc-rated
clothing system, the arc rating would typically be more
than three times higher than the arc ratings of the individual
layers; that is, if the arc ratings of the arc-rated coverall,
shirt, and pants were all in the range of 5 cal/cm?® to
6 cal/cm?, the total two-layer system arc rating would be
over 20 cal/cm?.

M.3.2 It is important to understand that the total system
arc rating cannot be determined by adding the arc ratings of
the individual layers. In a few cases, it has been observed
that the total system arc rating actually decreased when
another arc-rated layer of a specific type was added to the
system as the outermost layer. The only way to determine
the total system arc rating is to conduct a multilayer arc test
on the combination of all of the layers assembled as they
would be worn.
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INFORMATIVE ANNEX N

Informative Annex N Example Industrial Procedures and Policies for Working Near Overhead
Electrical Lines and Equipment

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

N.1 Introduction. This informative annex is an example
of an industrial procedure for working near overhead elec-
trical systems. Areas covered include operations that could
expose employees or equipment to contact with overhead
electrical systems.

When working near electrical lines or equipment, avoid
direct or indirect contact. Direct contact is contact with any
part of the body. Indirect contact is when part of the body
touches or is in dangerous proximity to any object in con-
tact with energized electrical equipment. The following two
assumptions should always be made:

(1) Lines are “live” (energized).
(2) Lines are operating at high voltage (over 1000 volts).

As the voltage increases, the minimum working clear-
ances increase. Through arc-over, injuries or fatalities could
occur, even if actual contact with high-voltage lines or
equipment is not made. Potential for arc-over increases as
the voltage increases.

N.2 Overhead Power Line Policy (OPP). This informa-
tive annex applies to all overhead conductors, regardless of
voltage, and requires the following:

(1) That employees not place themselves in close proxim-
ity to overhead power lines. “Close proximity” is
within a distance of 3 m (10 ft) for systems up to 50
kV, and should be increased 100 mm (4 in.) for every
10 kV above 50 kV.

(2) That employees be informed of the hazards and precau-
tions when working near overhead lines.

(3) That warning decals be posted on cranes and similar
equipment regarding the minimum clearance of 3 m
(10 ft).

(4) That a “spotter” be designated when equipment is
working near overhead lines. This person’s responsibil-
ity is to observe safe working clearances around all
overhead lines and to direct the operator accordingly.

(5) That warning cones be used as visible indicators of the
3 m (10 ft) safety zone when working near overhead
power lines.

Informational Note: “Working near,” for the purpose of
this informative annex, is defined as working within a dis-
tance from any overhead power line that is less than the
combined height or length of the lifting device plus the
associated load length and the required minimum clearance
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distance [as stated in N.2(1)]. Required clearance is ex-
pressed as follows:

Required clearance = lift equipment height or length + load
length + at least 3 m (10 ft)

(6) That the local responsible person be notified at least 24
hours before any work begins to allow time to identify
voltages and clearances or to place the line in an elec-
trically safe work condition.

N.3 Policy. All employees and contractors shall conform
to the OPP. The first line of defense in preventing electrical
contact accidents is to remain outside the limited approach
boundary. Because most company and contractor employ-
ees are not qualified to determine the system voltage level,
a qualified person shall be called to establish voltages and
minimum clearances and take appropriate action to make
the work zone safe.

N.4 Procedures.

N.4.1 General. Prior to the start of all operations where
potential contact with overhead electrical systems is pos-
sible, the person in charge shall identify overhead lines or
equipment, reference their location with respect to promi-
nent physical features, or physically mark the area directly
in front of the overhead lines with safety cones, survey
tape, or other means. Electrical line location shall be dis-
cussed at a pre-work safety meeting of all employees on the
job (through a job briefing). All company employees and
contractors shall attend this meeting and require their em-
ployees to conform to electrical safety standards. New or
transferred employees shall be informed of electrical haz-
ards and proper procedures during orientations.

On construction projects, the contractor shall identify
and reference all potential electrical hazards and document
such actions with the on-site employers. The location of
overhead electrical lines and equipment shall be conspicu-
ously marked by the person in charge. New employees
shall be informed of electrical hazards and of proper pre-
cautions and procedures.

Where there is potential for contact with overhead elec-
trical systems, local area management shall be called to
decide whether to place the line in an electrically safe work
condition or to otherwise protect the line against accidental
contact. Where there is a suspicion of lines with low clear-
ance [height under 6 m (20 ft)], the local on-site electrical
supervisor shall be notified to verify and take appropriate
action.

All electrical contact incidents, including “near misses,”
shall be reported to the local area health and safety specialist.
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INFORMATIVE ANNEX N

N.4.2 Look Up and Live Flags. In order to prevent acci-
dental contacts of overhead lines, all aerial lifts, cranes,
boom trucks, service rigs, and similar equipment shall use
look up and live flags. The flags are visual indicators that
the equipment is currently being used or has been returned
to its “stowed or cradled” position. The flags shall be yel-
low with black lettering and shall state in bold lettering
“LOOK UP AND LIVE.”
The procedure for the use of the flag follows.

(1) When the boom or lift is in its stowed or cradled posi-
tion, the flag shall be located on the load hook or boom
end.

(2) Prior to operation of the boom or lift, the operator of
the equipment shall assess the work area to determine
the location of all overhead lines and communicate this
information to all crews on site. Once completed, the
operator shall remove the flag from the load hook or
boom and transfer the flag to the steering wheel of the
vehicle. Once the flag is placed on the steering wheel,
the operator can begin to operate the equipment.

(3) After successfully completing the work activity and re-
turning the equipment to its stowed or cradled position,
the operator shall return the flag to the load hook.

(4) The operator of the equipment is responsible for the
placement of the look up and live flag.

N.4.3 High Risk Tasks.

N.4.3.1 Heavy Mobile Equipment. Prior to the start of
each workday, a high-visibility marker (orange safety cones
or other devices) shall be temporarily placed on the ground
to mark the location of overhead wires. The supervisors
shall discuss electrical safety with appropriate crew mem-
bers at on-site tailgate safety talks. When working in the
proximity of overhead lines, a spotter shall be positioned in
a conspicuous location to direct movement and observe for
contact with the overhead wires. The spotter, equipment
operator, and all other employees working on the job loca-
tion shall be alert for overhead wires and remain at least
3 m (10 ft) from the mobile equipment.

All mobile equipment shall display a warning decal re-
garding electrical contact. Independent truck drivers deliv-
ering materials to field locations shall be cautioned about
overhead electrical lines before beginning work, and a
properly trained on-site or contractor employee shall assist
in the loading or off-loading operation. Trucks that have
emptied their material shall not leave the work location
until the boom, lift, or box is down and is safely secured.

N.4.3.2 Aerial Lifts, Cranes, and Boom Devices. Where
there is potential for near operation or contact with over-
head lines or equipment, work shall not begin until a safety
meeting is conducted and appropriate steps are taken to
identify, mark, and warn against accidental contact. The
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supervisor will review operations daily to ensure compli-
ance.

Where the operator’s visibility is impaired, a spotter
shall guide the operator. Hand signals shall be used and
clearly understood between the operator and spotter. When
visual contact is impaired, the spotter and operator shall be
in radio contact. Aerial lifts, cranes, and boom devices shall
have appropriate warning decals and shall use warning
cones or similar devices to indicate the location of over-
head lines and identify the 3 m (10 ft) minimum safe work-
ing boundary.

N.4.3.3 Tree Work. Wires shall be treated as live and
operating at high voltage until verified as otherwise by the
local area on-site employer. The local maintenance organi-
zation or an approved electrical contractor shall remove
branches touching wires before work begins. Limbs and
branches shall not be dropped onto overhead wires. If limbs
or branches fall across electrical wires, all work shall stop
immediately and the local area maintenance organization is
to be called. When climbing or working in trees, pruners
shall try to position themselves so that the trunk or limbs
are between their bodies and electrical wires. If possible,
pruners shall not work with their backs toward electrical
wires. An insulated bucket truck is the preferred method of
pruning when climbing poses a greater threat of electrical
contact. Personal protective equipment (PPE) shall be used
while working on or near lines.

N.4.4 Underground Electrical Lines and Equipment.
Before excavation starts and where there exists reasonable
possibility of contacting electrical or utility lines or equip-
ment, the local area supervision (or USA DIG organization,
when appropriate) shall be called and a request is to be
made for identifying/marking the line location(s).

When USA DIG is called, their representatives will
need the following:

(1) Minimum of two working days’ notice prior to start of
work, name of county, name of city, name and number
of street or highway marker, and nearest intersection

(2) Type of work
(3) Date and time work is to begin
(4) Caller’s name, contractor/department name and address
(5) Telephone number for contact
(6) Special instructions

Utilities that do not belong to USA DIG must be con-
tacted separately. USA DIG might not have a complete list
of utility owners. Utilities that are discovered shall be
marked before work begins. Supervisors shall periodically

refer their location to all workers, including new employ-
ees, subject to exposure.

N.4.5 Vehicles with Loads in Excess of 4.25 m (14 ft) in
Height. This policy requires that all vehicles with loads in
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INFORMATIVE ANNEX N

excess of 4.25 m (14 ft) in height use specific procedures to
maintain safe working clearances when in transit below
overhead lines.

The specific procedures for moving loads in excess of
4.25 m (14 ft) in height or via routes with lower clearance
heights are as follows:

(1) Prior to movement of any load in excess of 4.25 m
(14 ft) in height, the local health and safety department,
along with the local person in charge, shall be notified
of the equipment move.

(2) An on-site electrician, electrical construction representa-
tive, or qualified electrical contractor should check the
intended route to the next location before relocation.

(3) The new site is to be checked for overhead lines and
clearances.

(4) Power lines and communication lines shall be noted,
and extreme care used when traveling beneath the
lines.

(5) The company moving the load or equipment will pro-
vide a driver responsible for measuring each load and
ensuring each load is secured and transported in a safe
manner.

(6) An on-site electrician, electrical construction represen-
tative, or qualified electrical contractor shall escort the
first load to the new location, ensuring safe clearances,
and a service company representative shall be respon-
sible for subsequent loads to follow the same safe
route.

If proper working clearances cannot be maintained, the
job must be shut down until a safe route can be established
or the necessary repairs or relocations have been completed
to ensure that a safe working clearance has been achieved.

All work requiring movement of loads in excess of
4.25 m (14 ft) in height are required to begin only after
a general work permit has been completed detailing all
pertinent information about the move.

N.4.6 Emergency Response. If an overhead line falls or
is contacted, the following precautions should be taken:
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(1) Keep everyone at least 3 m (10 ft) away.

(2) Use flagging to protect motorists, spectators, and other
individuals from fallen or low wires.

(3) Call the local area electrical department or electric
utility immediately.

(4) Place barriers around the area.

(5) Do not attempt to move the wire(s).

(6) Do not touch anything that is touching the wire(s).

(7) Be alert to water or other conductors present.

(8) Crews shall have emergency numbers readily avail-
able. These numbers shall include local area electrical
department, utility, police/fire, and medical assistance.

(9) If an individual becomes energized, DO NOT
TOUCH the individual or anything in contact with the
person. Call for emergency medical assistance and
call the local utility immediately. If the individual is
no longer in contact with the energized conductors,
CPR, rescue breathing, or first aid should be adminis-
tered immediately, but only by a trained person. It is
safe to touch the victim once contact is broken or the
source is known to be de-energized.

(10) Wires that contact vehicles or equipment will cause
arcing, smoke, and possibly fire. Occupants should
remain in the cab and wait for the local area electrical
department or utility. If it becomes necessary to exit
the vehicle, leap with both feet as far away from the
vehicle as possible, without touching the equipment.
Jumping free of the vehicle is the last resort.

(11) If operating the equipment and an overhead wire is
contacted, stop the equipment immediately and, if safe
to do so, jump free and clear of the equipment. Main-
tain your balance, keep your feet together and either
shuffle or bunny hop away from the vehicle another
3 m (10 ft) or more. Do not return to the vehicle or
allow anyone else for any reason to return to the ve-
hicle until the local utility has removed the power line
from the vehicle and has confirmed that the vehicle is
no longer in contact with the overhead lines.
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INFORMATIVE ANNEX O

Informative Annex O Safety-Related Design Requirements

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

0.1 Introduction. This informative annex addresses the
responsibilities of the facility owner or manager or the em-
ployer having responsibility for facility ownership or op-
erations management to perform a risk assessment during
the design of electrical systems and installations.

0.1.1 This informative annex covers employee safety-
related design concepts for electrical equipment and instal-
lations in workplaces covered by the scope of this standard.
This informative annex discusses design considerations that
have impact on the application of the safety-related work
practices only.

0.1.2 This informative annex does not discuss specific
design requirements. The facility owner or manager or the
employer should choose design options that eliminate haz-
ards or reduce risk and enhance the effectiveness of safety-
related work practices.

0.2 General Design Considerations.

0.2.1 Employers, facility owners, and managers who have
responsibility for facilities and installations having electri-
cal energy as a potential hazard to employees and other
personnel should ensure that electrical hazards risk assess-
ments are performed during the design of electrical systems
and installations.

0.2.2 Design option decisions should facilitate the ability
to eliminate hazards or reduce risk by doing the following:

(1) Reducing the likelihood of exposure
(2) Reducing the magnitude or severity of exposure

(3) Enabling achievement of an electrically safe work
condition

0.2.3 Incident Energy Reduction Methods. The follow-
ing methods have proved to be effective in reducing inci-
dent energy:

(1) Zone-selective interlocking. A method that allows two
or more circuit breakers to communicate with each
other so that a short circuit or ground fault will be
cleared by the breaker closest to the fault with no in-
tentional delay. Clearing the fault in the shortest time
aids in reducing the incident energy.
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(2) Differential relaying. The concept of this protection
method is that current flowing into protected equipment
must equal the current out of the equipment. If these
two currents are not equal, a fault must exist within the
equipment, and the relaying can be set to operate for a
fast interruption. Differential relaying uses current
transformers located on the line and load sides of the
protected equipment and fast acting relay.

(3) Energy-reducing maintenance switching with a local
status indicator. An energy-reducing maintenance
switch allows a worker to set a circuit breaker trip unit
to operate faster while the worker is working within an
arc flash boundary, as defined in NFPA 70E, and then
to set the circuit breaker back to a normal setting after
the work is complete.

0.2.4 Other Methods.

(1) Energy-reducing active arc flash mitigation system.
This system can reduce the arcing duration by creating
a low impedance current path, located within a con-
trolled compartment, to cause the arcing fault to trans-
fer to the new current path, while the upstream breaker
clears the circuit. The system works without compro-
mising existing selective coordination in the electrical
distribution system.

(2) Arc flash relay. An arc flash relay typically uses light
sensors to detect the light produced by an arc flash
event. Once a certain level of light is detected the relay
will issue a trip signal to an upstream overcurrent de-
vice.

(3) High-resistance grounding. A great majority of electri-
cal faults are of the phase-to-ground type. High-
resistance grounding will insert an impedance in the
ground return path and will typically limit the fault
current to 10 amperes and below (at 5 kV nominal or
below), leaving insufficient fault energy and thereby
helping reduce the arc flash hazard level. High-
resistance grounding will not affect arc flash energy for
line-to-line or line-to-line-to-line arcs.

(4) Current-limiting devices. Current-limiting protective
devices reduce incident energy by clearing the fault
faster and by reducing the current seen at the arc
source. The energy reduction becomes effective for cur-
rent above the current-limiting threshold of the current-
limiting fuse or current limiting circuit breaker.
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INFORMATIVE ANNEX P

Informative Annex P Aligning Implementation of This Standard with Occupational Health
and Safety Management Standards

This informative annex is not a part of the requirements of
this NFPA document but is included for informational pur-
poses only.

P.1 General. Injuries from electrical energy are a signifi-
cant cause of occupational fatalities in the workplace in the
United States. This standard specifies requirements unique
to the hazards of electrical energy. By itself, however, this
standard does not constitute a comprehensive and effective
electrical safety program. The most effective application of
the requirements of this standard can be achieved within
the framework of a recognized health and safety manage-
ment system standard. ANSI/AIHA Z10, American Na-
tional Standard for Occupational Health and Safety Man-
agement Systems, provides comprehensive guidance on the
elements of an effective health and safety management sys-
tem and is one recognized standard. ANSI/AIHA Z10 is
harmonized with other internationally recognized stan-
dards, including CAN/CSA Z1000, Occupational Health
and Safety Management; ANSI/ISO 14001, Environmental
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Management Systems - Requirements with Guidance for
Use; and BS OSHAS 18001, Occupational Health and
Safety Management Systems. Some companies and other
organizations have proprietary health and safety manage-
ment systems that are aligned with the key elements of
ANSI/AIHA Z10.

The most effective design and implementation of an
electrical safety program can be achieved through a joint
effort involving electrical subject matter experts and safety
professionals knowledgeable about safety management sys-
tems.

Such collaboration can help ensure that proven safety
management principles and practices applicable to any haz-
ard in the workplace are appropriately incorporated into the
electrical safety program.

This informative annex provides guidance on imple-
menting this standard within the framework of ANSI/ATHA
710 and other recognized or proprietary comprehensive oc-
cupational health and safety management system standards.
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A-
Accessible (as applied to equip-
ment)
Definition Art. 100
Accessible (as applied to wiring
methods)
Definition Art. 100
Accessible, readily (readily acces-
sible)
Battery enclosures
320.3(A)(2)(a)
Definition Art. 100
Aerial lifts 130.8(F)(1)
Alarms, battery operation
320.3(A)(4)
Approach distances see also
Boundary
Limits of Annex C
Preparation for C.1
Qualified persons 130.4(C),
130.4(D), C.1.1, C.1.2
Unqualified persons 130.4(C),
130.8(E), C.1.1
Approved (definition) Art. 100
Arc blast K.4
Arc flash boundary see Boundary,
arc flash
Arc flash hazard 130.2(2),
320.3(5), K.3
Analysis 310.5(C)
Definition Art. 100
Protection from see Arc flash
protective equipment
Arec flash protective equipment
130.5(C), 130.5(D),
130.7
Qualified persons, use by
C.1.2.1,C.1.2.3
Unqualified persons, use by
C.1.1
Arec flash risk assessment
130.2(B)(2), 130.3(A),
130.5
Electrolytic cell line working
zones 310.5(C)(1)
Arc flash suit 130.7(C)(10)(a),
130.7(C)(13),
130.7(C)(16)
Definition Art. 100
Arc rating
Definition Art. 100
Total system arc rating, protec-
tive clothing M.3
Arec-resistant switchgear
130.7(C)(15)
Attachment plug (plug cap)
(plug) 110.4(B)(2)(b),
110.4(B)(3)(0),
110.4(B)(5)
Definition Art. 100
Maintenance 245.1
Attendants, to warn and protect
employees 130.7(E)(3)
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Authority having jurisdiction
(definition) Art. 100
Authorized personnel
Battery rooms or areas restricted
to 320.3(A)(2)(a)
Definition 320.2
Automatic (definition) Art. 100

-B-
Balaclava (sock hood) (definition)
Art. 100
Barricades 130.7(E)(2)
Definition Art. 100
Barriers

Definition Art. 100

Electrolytic cells, safe work
practices 310.5(D)(3)

Physical or mechanical 130.6(F),
130.7(D)(1)(1)

Rotating equipment 230.2

Batteries

Abnormal battery conditions,
alarms for 320.3(A)4)

Cell flame arresters 320.3(D)

Definition 320.2

Direct-current ground-fault de-
tection 320.3(C)(1)

Electrolyte hazards 320.3(B)

Maintenance requirements,
safety-related Art. 240,
320.3(C)

Operation 320.3(C)

Personal protective equipment
(PPE), use of
320.3(A)(5)

Safety requirements Art. 320

Testing 320.3(C)

Tools and equipment, use of
320.3(0)(2)

Valve-regulated lead acid cell
(definition) 320.2

Vented cell (definition) 320.2

Ventilation 240.1, 320.3(D)

VRLA (valve-regulated lead
acid cell) (definition)
320.2

Battery effect (definition) 310.2
Battery enclosures 320.3(A)(2)
Battery rooms

Definition 320.2

Requirements 320.3(A)(2)

Blind reaching, electrical safety
program 130.6(B)
Body wash apparatus 240.2
Bonded (bonding)
Definition Art. 100
Maintenance of 205.6
Bonding conductor or jumper
(definition) Art. 100

Boundary see also Approach dis-
tances
Approach boundaries to ener-
gized conductors or cir-
cuit 130.2(B)(2), 130.4,
C.1.1,C.1.2
Arc flash 130.2(B)(2), 130.5(1),
130.5(B), C.1.1, C.1.2
Calculations Annex D
Definition Art. 100
Protective equipment, use of
130.7(C)(16), C.1.1,
C.1.2.1,C.123
Limited approach 130.2(1),
130.2(B)(2),
130.2(B)(3), 130.4(C),
130.7(D)(1), 130.8,
C.1.1, C.1.2.2; see also
Approach distances
Definition Art. 100
Restricted approach 130.4(D),
C.1.1, C.1.2.3; see also
Approach distances
Definition Art. 100
Shock protection 130.2(B)(2),
130.4
Branch circuit (definition) Art.
100
Building (definition) Art. 100

-C-
Cabinets (definition) Art. 100
Cable
Flexible see Flexible cords and
cables
Maintenance of 205.13
Cable trays, maintenance 215.3
Cell
Definition 320.2
Electrolytic see Electrolytic cell
Valve-regulated lead acid (defi-
nition) 320.2
Vented (definition) 320.2
Cell line see Electrolytic cell line
Chemical hazard 320.3(5)
Circuit breakers
Definition Art. 100
Low-voltage circuit breakers,
calculations for incident
energy and arc flash
protection boundary for
D.4.7
Molded-case 225.2
Reclosing circuits after opera-
tion 130.6(L)
Routine opening and closing of
circuits 130.6(L)
Safety-related maintenance re-
quirements Art. 225
Testing 225.3

ELECTRICAL SAFETY IN THE WORKPLACE

Circuit protective device opera-
tion, reclosing circuit
after 130.6(M); see also
Circuit breakers Discon-
necting means; Fuses;
Overcurrent protection

Circuits

De-energized see De-energized

Energized, working on or near
parts that are or might
become see Working on
energized electrical con-
ductors or circuit parts

Identification, maintenance of
205.12

Impedance 120.3(D)

Protection and control 220.2

Reclosing after protective device
operation 130.6(M)

Routine opening and closing of
130.6(L)

Clear spaces 130.6(H), 205.9

Combustible dust 130.6(J)

Competent person 350.4

Definition 350.2

Conductive (definition) Art. 100

Conductive work locations
110.4(B)(4)

Conductors

Bare (definition) Art. 100
Covered (definition) Art. 100
De-energized see De-energized
Energized see Working on ener-
gized electrical conduc-
tors or circuit parts
Grounding conductors, equip-
ment 110.4(B)(2)(a)
Definition Art. 100
Grounding electrode conductors
(definition) Art. 100
Identification see ;
Identified/identification .
Insulated -
Definition Art. 100 :
Integrity of insulation, main-
tenance of 210.4 :
Maintenance of 205.13, 210.3

Contractors, relationship with :
110.3

Controllers (definition) Art. 100

Cord- and plug-connected equip-
ment 110.4(B)

Connecting attachment plugs
110.4(B)(5)

Grounding-type equipment
110.4(B)(2)

Handling 110.4(B)(1)

Safety-related maintenance re-
quirements Art. 245

Visual inspection 110.4(B)(3)

Cords, flexible see Flexible cords
and cables

Covers 215.1

\,
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Ground-fault protection, battery

Cranes 310.5(D)(9)
Current-limiting overcurrent
protective device (defi-
nition) Art. 100
Cutout
Definition Art. 100
Portable cutout-type switches
310.5(D)(8)
Cutting 130.10

-D-
De-energized 130.7(A); see also
Electrically safe work
condition
Conductors or circuit parts that
have lockout/tagout de-
vices applied 120.2
Definition Art. 100
Process to de-energize equip-
ment 120.2(F)(2)(a)
Testing of parts 120.2
Uninsulated overhead lines
130.8(C)
Definitions Art. 100
Batteries and battery rooms
320.2
Electrolytic cells 310.2
Lasers 330.2
Lockout/tagout practices and
devices 120.2(F)(2)(k)
Power electronic equipment
340.2
Research and development labo-
ratories 350.2
Device (definition) Art. 100
Direct-current ground-fault de-
tection, batteries
320.3(C)(1)
Disconnecting means 120.1,
120.2(F)(2)(c), 130.2
Definition Art. 100
Lockout/tagout devices, use of
120.2(E)(3),
120.2(E)(4)(d),
120.2(E)(6)
Routine opening and closing of
circuits 130.6(L)
Disconnecting (or isolating)
switches (disconnector,
isolator) see also Dis-
connecting means
Definition Art. 100
Safety-related maintenance re-
quirements Art. 210
Documentation
Arc flash risk assessment
130.5(A)
Electrical safety program (A),
ID(3), 110.3(C)
Equipment labeling 130.5(D)
Of maintenance 205.3
Training, employees 110.2(C),
110.2(E), 120.2(B)(4)
Doors, secured 130.6(G)
Drilling 130.10
Dust, combustible 130.6(J)
Dwelling unit (definition) Art.
100

-E-
Electrical hazard Art. 130; see
also Arc flash hazard;
Risk; Shock hazard
Categories of
General Annex K
Personal protective equipment
required for see Per-
sonal protective equip-
ment (PPE)
Definition Art. 100
Evaluation procedure F.4
Identification procedure (G)
Electrically safe work condition
Art. 120
Definition Art. 100
Lockout/tagout practices and
devices 120.1, 120.2
Temporary protective grounding
equipment 120.3
Verification of 120.1
Electrical safety (definition) Art.
100
Electrical safety program, Annex

Auditing (I)
Awareness and self-discipline
©
Contractors, relationship with
110.3
Controls (E), E.2
Documentation of (A), (I)(3),
110.3(C)
General (A)
Hazard identification and risk
assessment procedure
(&)
Job briefing (H)
Maintenance (B)
Principles (D), E.1
Procedures (F), E.3
Risk assessment procedure An-
nex F
Electrolyte (definition) 320.2
Electrolyte hazards, storage bat-
tery 320.3(B)(1)
Electrolytic cell Art. 310
Auxiliary nonelectric connec-
tions 310.6(B)
Employee training 310.3, 310.4,
310.5(D)(6)
Electrolytic cell line working
zone
Attachments and auxiliary
equipment 310.5(D)(10)
Cranes and hoists 310.5(D)(9)
Employee training 310.3,
310.4(A), 310.4(B)(1),
310.5(D)(6)

Portable equipment and tools,
use of 310.6
Safeguards, employee 310.5,

Annex L
Elevated equipment 130.8(F)(1)
Emergency response, training in
110.2(C)
Employees
Electrical safety program
Lockout/tagout procedure
120.2(B)(1), 120.2(B)(2)
Responsibilities 105.3, 130.8(D)
Lasers 330.5

ELECTRICAL SAFETY IN THE WORKPLACE

Power electronic equipment
340.7(B)

Special equipment 300.2
Safeguarding see Safeguarding
Training see Training, employ-

ees
Employers
Electrical safety program
Responsibilities 105.3
Host and contract employers
110.3

Lockout/tagout procedure

120.2(C)(1)

Power electronic equipment

340.7(A)
Safety related design require-
ments Annex O
Special equipment 300.2
Uninsulated overhead lines,
work on or near
130.8(D)
Enclosed (definition) Art. 100
Enclosures
Definition Art. 100
Maintenance of 205.7, 210.1,
210.2
Energized
Definition Art. 100
Electrical conductors or circuit
see Working on ener-
gized electrical conduc-
tors or circuit parts
Electrolytic cells see Electrolytic
cell; Electrolytic cell
line working zone
Energized electrical work permit
130.2(B), Annex J
Equipment see also specific
equipment
Batteries, for work on
320.3(C)(2)
Definition Art. 100
Grounding
Portable equipment within
energized cell line
working zone 310.6(A)
Vehicle or mechanical equip-
ment 130.8(F)(3)
Grounding-type 110.4(B)(2)
Overhead see Overhead lines
and equipment
Spaces about, maintenance of
205.5, 205.9
Special see Special equipment
Use of 110.4
Equipment grounding conductors
110.4(B)(2)(a)
Definition Art. 100
Explanatory material 90.5
Exposed (as applied to energized
electrical conductors
or circuit parts) 105.1,
130.2(2), 130.3
Definition Art. 100
Safe work practices see Working
on energized electrical
conductors or circuit
parts; Work practices,
safety-related
Exposed (as applied to wiring
methods) (definition)
Art. 100

Extension cords see Flexible cord
sets
Eye wash apparatus 240.2

-F-

Fail safe (definition) 330.2
Fail-safe safety interlock (defini-
tion) 330.2
Fiberglass-reinforced plastic rods

130.7(D)(1)(d)
Fiber or flyings, combustible
130.6(J)
Field evaluated (definition) 350.2
Fittings (definition) Art. 100
Flame arresters, battery cell
320.3(D)
Flammable gases 130.6(J)
Flammable liquids 130.6(J)
Flexible cords and cables
Grounding-type utilization
equipment
110.4(B)(2)(a)
Handling 110.4(B)(1)
Maintenance of 205.14
Flexible cord sets 110.4(B)
Connecting attachment plugs
110.4(B)(5)
Visual inspection 110.4(B)(3)
Formal interpretation procedures
90.6
Fuses 130.6(L), 130.6(M)
Current-limiting fuses, calculat-
ing arc-flash energies
for use with D.4.6
Definition Art. 100
Fuse or fuse-holding handling
equipment
130.7(D)(1)(b)
Safety-related maintenance re-
quirements 225.1

-G-
Gases, flammable 130.6(J)
Ground (definition) Art. 100
Grounded, solidly (definition)
Art. 100
Grounded conductors (definition)
Art. 100
Grounded (grounding) 120.1
Definition Art. 100
Equipment
Portable equipment within
energized cell line
working zone 310.6(A)
Vehicle or mechanical equip-
ment 130.8(F)(3)
Lockout/tagout procedures
120.2(F)(2)(2)
Maintenance of 205.6
Safety grounding equipment,
maintenance of 250.3
Ground fault (definition) Art. 100
Ground-fault circuit interrupters
110.4(C)
Definition Art. 100
Testing 110.4(D)
Ground-fault protection, battery
320.3(C)(1)
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Grounding conductors, equip-
ment 110.4(B)(2)(a)
Definition Art. 100
Grounding electrode (definition)
Art. 100
Grounding electrode conductors
(definition) Art. 100
Grounding-type equipment
110.4(B)(2)
Guarded 205.7; see also Barriers;
Enclosures
Definition Art. 100
Rotating equipment 230.2
Uninsulated overhead lines
130.8(C), 130.8(D)

-H-

Handlines 130.7(D)(1)(c)
Hazard (definition) Art. 100; see

also Electrical hazard
Hazardous (classified) locations,

maintenance require-

ments for Art. 235
Hazardous (definition) Art. 100
Hinged panels, secured 130.6(G)
Hoists 310.5(D)(9)

-I-

Identified/identification

Equipment, field marking of
130.5(D)

Lasers 330.4(G)

Maintenance of 205.10

INlumination

Battery rooms 320.3(A)(2)(b)

Working on energized electrical
conductors or circuits
130.6(C)

Implanted pacemakers and me-
tallic medical devices
310.5(D)(11)

Incident energy

Calculation methods Annex D
Definition Art. 100
Equipment, labeling of 130.5(D)

Incident energy analysis
130.5(C)(1),
130.7(C)(15)

Definition Art. 100

Inspection, visual

Cord- and plug-connected equip-
ment 110.4(B)(3)

Safety and protective equipment
250.2(A)

Safety grounding equipment
250.3(A)

Test instruments and equipment
110.4(A)(4)

Insulated (definition) Art. 100

Insulated conductors, mainte-
nance of 210.4

Insulating floor surface L.1

Insulation, electrolytic cells
310.5(D)(1)

Insulation rating, overhead lines
130.8(B)

Interlocks, safety

Fail safe safety interlock (defini-
tion) 330.2

70E—-100

Maintenance of 205.8
Interrupter switch (definition)
Art. 100
Interrupting rating (definition)
Art. 100
Isolated (as applied to location)
Definition Art. 100
Electrolytic cells 310.5(D)(5)
Isolating devices
Control devices as 120.2(E)(6)
Lockout device, acceptance of
120.2(E)(1)
Isolating switches
Definition Art. 100
Safety-related maintenance re-
quirements Art. 210

-J-
Job briefing (H), 130.2(B)(2)
Checklist Annex I

-L-
Labeled (definition) Art. 100
Laboratory

Definition 350.2

Safety-related work require-
ments Art. 350

Laser

Definition 330.2

Energy source (definition) 330.2

Product (definition) 330.2

Radiation (definition) 330.2

System (definition) 330.2

Work practices, safety-related
Art. 330

Employee responsibility
330.5
Safeguarding employees in
operating area 330.4
Training 330.3
Limited approach boundary see
Boundary, limited ap-
proach
Listed

Definition Art. 100

Research and development labo-
ratory equipment or sys-
tems 350.5

Live parts

Guarding of see Guarded

Safe work conditions see Elec-
trical safety program;
Working on energized
electrical conductors or
circuit parts; Work prac-
tices, safety-related

Lockout/tagout practices and
devices 120.2

Audit 120.2(C)(3)

Complex procedure 120.2(C)(2),
120.2(D)(2),
120.2(F)(1)(e), Annex G

Control, elements of 120.2(F)(2)

Coordination 120.2(D)(3)

De-energized conductors or cir-
cuit parts with 120.2

Definitions 120.2(F)(2)(k)

Equipment 120.2(E)

Grounding 120.2(F)(2)(g)

Hazardous electrical energy con-
trol procedures
120.2(B)(6),
120.2(C)(2), 120.2(D)

Identification of devices
120.2(B)(7)

Maintenance of devices 205.8

Plans for 120.2(B)(5),
120.2(F)(1)

Principles of execution 120.2(B)

Procedures 120.2(F), Annex G

Release

For return to service
120.2(F)(2)(m)
Temporary 120.2(F)(2)(n)

Removal of devices
120.2(E)(3)(e),
120.2(E)(4)(d),
120.2(F)(2)(1)

Responsibility 120.2(C)

Simple procedure 120.2(C)(2),
120.2(D)(1),
120.2(F)(1)(d), Annex G

Testing 120.2(F)(2)(f)

Voltage 120.2(B)(8)

Working on/near conductors or
circuit parts with 120.1

Luminaires (definition) Art. 100

-M-
Maintenance requirements Chap.
2, (B)
Batteries and battery rooms Art.
240
Controller equipment Art. 220
Fuses and circuit breakers Art.
225
General Art. 205
Hazardous (classified) locations
Art. 235
Introduction Art. 200
Personal safety and protective
equipment Art. 250
Portable electric tools and
equipment Art. 245
Premises wiring Art. 215
Rotating equipment Art. 230
Substation, switchgear assem-
blies, switchboards, pan-
elboards, motor control
centers, and disconnect
switches Art. 210
Mandatory rules 90.5
Marking see
Identified/identification
Mechanical equipment, working
on or near uninsulated
overhead lines 130.8(F)
Motor control centers
Definition Art. 100
Personal protective equipment
required for tasks
130.7(C)(15)
Safety-related maintenance re-
quirements Art. 210
Multi-employer relationship
120.2(D)(2)

ELECTRICAL SAFETY IN THE WORKPLACE

-N-

Nominal voltage (definition)
320.2

Nonelectric equipment connec-
tions, electrolytic cell
line 310.6(B)

-0-
Occupational health and safety
management stan-
dards, alignment with
Annex P
Open wiring protection 215.2
Outdoors, GFCI protection
110.4(C)(3)
Outlets (definition) Art. 100
Overcurrent (definition) Art. 100
Overcurrent protection
Maintenance of devices 205.4,
210.5
Modification 110.4(E)
Overhead lines and equipment
Clearances, maintenance of
205.15
Industrial procedure for working
near overhead systems,
example of Annex N
Insulation rating 130.8(B)
Working within limited ap-
proach boundary of un-
insulated 130.8
Overload (definition) Art. 100

-P-
Pacemakers, implanted
310.5(D)(11)
Panelboards
Definition Art. 100
Personal protective equipment
required for tasks
130.7(C)(15)
Safety-related maintenance re-
quirements Art. 210
Permissive rules 90.5
Personal protective equipment
(PPE) (G)(3),
130.2(B)(2), 130.9,
130.10(3), L.1
Arc flash protection 130.5(C),
130.5(D), 130.7, C.1.1,
C.l121,C123
Batteries and battery rooms
320.3(A)(5), 320.3(B)
Body protection 130.7(C)(6)
Care of 130.7(B)
Clothing characteristics
130.7(C)(11), Annex H
Eye protection 130.7(C)(4),
330.4(A)
Flash protection see Arc flash
protective equipment
Foot and leg protection
130.7(C)(8)
Hand and arm protection
130.7(C)(7)
Head, face, neck, and chin pro-
tection 130.7(C)(3)
Hearing protection 130.7(C)(5)
Labeling of 130.5(D)
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Test instruments and equipment

Lasers, use of 330.4(A),
330.4(H)
Maintenance Art. 250
Required for various tasks
130.7(C)(15),
130.7(C)(16)
Safeguarding of employees in
electrolytic cell line
working zone
310.5(C)(1),
310.5(D)(2)
Selection of 130.7(C)(15), An-
nex H
Shock protection 130.7, C.1.1
Standards for 130.7(C)(14)
Pilot cell (definition) 320.2
Planning checklist Annex I
Portable electric equipment
110.4(B)
Connecting attachment plugs
110.4(B)(5)
Electrolytic cells 310.6(A), L.2
Grounding-type 110.4(B)(2)
Handling 110.4(B)(1)
Safety-related maintenance re-
quirements Art. 245
Visual inspection 110.4(B)(3)
Power electronic equipment,
safety-related work
practices Art. 340
Definitions 340.2
Hazards associated with 340.6
Human body, effects of electric-
ity on 340.5
Reference standards 340.4
Specific measures 340.7
Power supply
Cell line working area L.2
Portable electric equipment, cir-
cuits for 310.6(A)
Premises wiring (system)
Definition Art. 100
Maintenance of Art. 215
Prospective fault current (defini-
tion) 320.2
Protective clothing 130.4(D),
130.7(C), L.1
Arc flash protection 130.7(C)(9),
130.7(C)(10),
130.7(C)(13),
130.7(C)(16), C.1.1,
Annex H
Care and maintenance
130.7(C)(13)
Characteristics 130.7(C)(11),
Annex H
Layering of M.1, M.2
Prohibited clothing 130.7(C)(12)
. Selection of 130.7(C)(9), Annex
H

;; Total system arc rating M.3
Protective equipment 130.7,
B 130.8(D), 130.8(F)(2)
- Alerting techniques 130.7(E)
. Arc flash protection see Arc
" flash protective equip-
- ment
.. Barricades 130.7(E)(2)
' Barriers see Barriers
Batteries, maintenance of
320.3(A)(5)
Care of equipment 130.7(B)

Insulated tools 130.7(D)(1)

Maintenance Art. 250

Nonconductive ladders
130.7(D)(1)(e)

Personal see Personal protective
equipment (PPE)

Rubber insulating equipment
130.7(D)(1)(g)

Safety signs and tags
130.7(E)(1)

Shock protection 130.7, C.1.1

Standards for 130.7(F)

Temporary protective grounding
equipment 120.3

Voltage-rated plastic guard
equipment
130.7(D)(1)(h)

Purpose of standard 90.1

Qualified persons 130.2(B)(3),

130.3(A)

Approach distances 130.4(C),
130.4(D), C.1.1, C.1.2

Definition Art. 100

Electrolytic cells, training for
310.4(A)

Employee training 110.2(D)(1)

Lockout/tagout procedures
120.2(C)(2),
120.2(C)(3),
120.2(D)(1)

Maintenance, performance of
205.1

Overhead lines, determining
insulation rating of
130.8(B)

-R-
Raceways
Definition Art. 100
Maintenance 215.3
Radiation worker (definition)
340.2
Readily accessible
Battery enclosures
320.3(A)(2)(a)
Definition Art. 100
Receptacles
Definition Art. 100
Electrolytic cell lines L.2
Maintenance 245.1
Portable electric equipment
110.4(B)(2)(b),
110.4(B)(3)(c),
110.4(B)(5)(b)
References Annex A, Annex B
Research and development
Definition 350.2
Safety-related work require-
ments for research and
development laborato-
ries Art. 350
Restricted approach boundary
see Boundary, restricted
approach
Risk
Control (G)(3)
Definition Art. 100

ELECTRICAL SAFETY IN THE WORKPLACE

Reduction E3, F.5
Risk assessment Annex O
Arc flash 130.2(B)(2), 130.3(A)
Definition Art. 100
Procedure (G), Annex F
Shock 130.2(B)(2), 130.3(A),
130.4(A)
Ropes 130.7(D)(1)(c)
Rules, mandatory and permissive
90.5

-S-
Safeguarding

In cell line working zone 310.5,
Annex L

Definition 310.2

In laser operating area 330.4

Safety grounding equipment,
maintenance of 250.3
Safety interlocks

Fail-safe safety interlock (defini-
tion) 330.2

Maintenance of 205.8

Safety-related design require-
ments Annex O

Safety-related maintenance re-
quirements see Mainte-
nance requirements

Safety-related work practices see
Work practices, safety-
related

Scope of standard 90.2

Service drop (definition) Art. 100

Service lateral (definition) Art.
100

Service point (definition) Art. 100

Shock hazard 320.3(A)(5), K.2

Definition Art. 100
Protection from 130.7, C.1.1

Shock protection boundaries
1304

Shock risk assessment
130.2(B)(2), 130.3(A),
130.4(A)

Short circuit 320.3(C)(1), 0.2.3(1)

Short circuit current

Arc-flash energies, effect on
130.5(3)

Arc flash PPE, maximum avail-
able current for
130.7(C)(15), H.2

Calculations Annex D

Prospective 320.2, 320.3(A)(5)

Unintended ground, caused by
320.3(C)(1)

Short-circuit current rating (defi-
nition) Art. 100
Short circuit interruption devices
F2.4.2
Signs, electrolytic cell areas
310.5(B)
Single-line diagram
Definition Art. 100
Maintenance of 205.2
Special equipment Chap. 3; see
also Batteries; Electro-
Iytic cell; Laser; Power
electronic equipment

Battery rooms

Definition 320.2
Requirements 320.3(A)(2)

Organization 300.3
Responsibility 300.2
Special permission (definition)
Art. 100
Standard arrangement and orga-
nization 90.3, 90.4
Step potential (definition) Art.
100
Stored energy 120.1,
120.2(F)(2)(b)
Structure (definition) Art. 100
Substations, safety-related main-
tenance requirements
Art. 210
Switchboards
Definition Art. 100
Safety-related maintenance re-
quirements Art. 210
Switches see also Switching de-
vices
Disconnecting (or isolating)
switches (disconnector,
isolator) see also Dis-
connecting means
Definition Art. 100
Safety-related maintenance
requirements Art. 210
Load-rated 130.6(L)
Portable cutout type 310.5(D)(8)
Switchgear
Arc-resistant 130.7(C)(15)
Definition Art. 100
Metal-clad 130.7(C)(15)
Definition Art. 100
Metal-enclosed 130.7(C)(15)
Definition Art. 100
Personal protective equipment
required for tasks
130.7(C)(15)
Safety-related maintenance re-
quirements Art. 210
Switching devices (definition) Art.
100; see also Circuit
breakers; Disconnecting
means; Switches

-T-
Tagout see Lockout/tagout prac-
tices and devices
Temporary protective grounding
equipment 120.3
Terminals, maintenance of 230.1
Testing
De-energized parts 120.1
Energized equipment
130.2(B)(3)
Equipment safeguards
310.5(D)(12)
Ground-fault circuit interrupters
110.4(D)
Lockout/tagout procedure
120.2(F)(2)(D)
Personal protective equipment
310.5(D)(2)
Safety and protective equipment,
insulation of 250.2(B)
Safety grounding equipment
250.3(B), 250.3(C)
Test instruments and equipment
110.4(A)
Cell line working zone 310.6(D)
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Maintenance of 250.4 Employee training 110.2(D)(2) Working on energized electrical

Visual inspection 110.4(A)(4)
Thermal hazard 320.3(A)(5)
Tools

Batteries, for work on

320.3(0C)(2)

Electrolytic cells, safe work

practices 310.5(D)(7),
310.6, L.2
Touch potential (definition) Art.
100
Training, employees 105.3
Documentation 110.2(C),
110.2(E), 120.2(B)(4)
Emergency responses 110.2(C)
Lockout/tagout practices
120.2(B), Annex G

Qualified persons 110.2(D)(1)

Retraining 110.2(D)(3)

Unqualified persons 110.2(D)(2)

Work practices, safety-related

105.3, 110.2, 110.3(B),
310.3, 3104,
310.5(D)(6), 330.3

-U-
Underground electrical lines and
equipment 130.9
Ungrounded (definition) Art. 100
Uninsulated overhead lines,
working within limited
approach boundary of
130.8(A)
Unqualified persons 130.2(B)(2)
Approach distances 130.4(C),
130.8(E), C.1.1
Definition Art. 100
Electrolytic cells, training for
310.4(B)
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Utilization equipment
Definition Art. 100
Grounding-type 110.4(B)(2)(a)

-V-
Valve-regulated lead acid cell
(definition) 320.2
Vehicular equipment, working on
or near uninsulated
overhead lines 130.8(F)
Ventilation, batteries 240.1,

320.3(D)
Voltage
(Of a circuit) (definition) Art.
100

Electrolytic cells, voltage equal-
ization 310.5(D)(4)
Lockout/tagout procedures
120.2(B)(8)
Nominal (definition) Art. 100
VRLA (valve-regulated lead acid
cell) (definition) 320.2

-W-
Warning signs

Battery rooms and enclosures

320.3(A)(5)

Lasers 330.4(B)

Maintenance of 205.11
Welding machines 310.6(C)
Wiring, premises

Definition Art. 100

Maintenance of Art. 215

conductors or circuit
parts Art. 130; see also
Work practices, safety-
related

Alertness of personnel 130.6(A)

Approach boundaries see
Boundary

Arc flash risk assessment 130.5

Blind reaching by employees
130.6(B)

Conductive articles being worn
130.6(D)

Conductive materials, tools, and
equipment being
handled 130.6(E)

Confined or enclosed work
spaces 130.6(F)

Definition Art. 100

Electrically safe working condi-
tions 130.2

Energized electrical work permit
130.2(B)

Failure, anticipation of 130.6(K)

Housekeeping duties 130.6(I)

Illumination 130.6(C)

Insulated tools and equipment
130.7(D)(1)

Occasional use of flammable
materials 130.6(J)

Opening and closing of circuits,
routine 130.6(L)

Overhead lines, working within
limited approach bound-
ary of 130.8

Portable ladders 130.7(D)(1)(e)

Protective shields 130.6(F),
130.7(D)(1)(H)

Reclosing circuits after protec-
tive device operation
130.6(M)

ELECTRICAL SAFETY IN THE WORKPLACE

Safe work conditions 130.3

Working spaces

Clear spaces 130.6(H), 205.9
Maintenance of 205.5, 205.9

Work permit, energized electrical

130.2(B), Annex J

Work practices, safety-related

Chap. 1; see also Elec-
trically safe work condi-
tion; Working on ener-
gized electrical
conductors or circuit
parts

Approach distances see Ap-
proach distances

Batteries and battery rooms Art.
320

Contractors, relationship with
110.3

De-energized equipment see
Electrically safe work
condition

Electrical conductors or circuit
parts that are or might
become energized, work
on or near 130.3

Electrical safety program

Electrolytic cells Art. 310, L.1

Lasers Art. 330

Power electronic equipment Art.
340

Purpose 105.2

Research and development labo-
ratories Art. 350

Responsibility for 105.3

Scope 105.1

Special equipment see Special
equipment

Training requirements 105.3,
110.2, 110.3(B)

Use of equipment 110.4

2015 Edition
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Sequence of Events for the Standards
Development Process

As soon as the current edition is published, a Standard is open
Jor Public Input

Step 1: Input Stage

¢ Input accepted from the public or other committees
for consideration to develop the First Draft
e Committee holds First Draft Meeting to revise Stan-
dard (23 weeks)
Committee(s) with Correlating Committee (10 weeks)
e Committee ballots on First Draft (12 weeks)
Committee (s) with Correlating Committee (11 weeks)
¢ Correlating Committee First Draft Meeting (9 weeks)
® Correlating Committee ballots on First Draft (5 weeks)
¢ First Draft Report posted

Step 2: Comment Stage

¢ Public Comments accepted on First Draft (10 weeks)
e [f Standard does not receive Public Comments and the
Committee does not wish to further revise the Stan-
dard, the Standard becomes a Consent Standard and
is sent directly to the Standards Council for issuance
* Committee holds Second Draft Meeting (21 weeks)
Committee (s) with Correlating Committee (7 weeks)
e Committee ballots on Second Draft (11 weeks)
Committee (s) with Correlating Committee (10 weeks)
¢ Correlating Committee First Draft Meeting (9 weeks)
¢ Correlating Committee ballots on First Draft (8 weeks)
® Second Draft Report posted

Step 3: Association Technical Meeting

e Notice of Intent to Make a Motion (NITMAM) ac-
cepted (5 weeks)

e NITMAMs are reviewed and valid motions are certified
for presentation at the Association Technical Meeting

¢ Consent Standard bypasses Association Technical
Meeting and proceeds directly to the Standards Coun-
cil for issuance

¢ NFPA membership meets each June at the Association
Technical Meeting and acts on Standards with “Certi-
fied Amending Motions” (certified NITMAMs)

¢ Committee(s) and Panel(s) vote on any successful
amendments to the Technical Committee Reports
made by the NFPA membership at the Association
Technical Meeting

Step 4: Council Appeals and Issuance
of Standard

* Notification of intent to file an appeal to the Standards
Council on Association action must be filed within 20
days of the Association Technical Meeting

e Standards Council decides, based on all evidence,
whether or not to issue the Standards or to take other
action

Committee Membership
Classifications"*>*

The following classifications apply to Committee mem-
bers and represent their principal interest in the activity
of the Committee.

1. M Manufacturer: A representative of a maker or
marketer of a product, assembly, or system, or
portion thereof, that is affected by the standard.

2. U  User: Arepresentative of an entity that is subject
to the provisions of the standard or that volun-
tarily uses the standard.

3. IM Installer/Maintainer: A representative of an en-
tity that is in the business of installing or main-
taining a product, assembly, or system affected
by the standard.

4. L Labor: A labor representative or employee con-
cerned with safety in the workplace.

5. RT Applied Research/Testing Laboratory: A representa-
tive of an independent testing laboratory or in-
dependent applied research organization that
promulgates and/or enforces standards.

6. E  Enforcing Authority: A representative of an agen-
cy or an organization that promulgates and/or
enforces standards.

7. 1 Insurance: A representative of an insurance
company, broker, agent, bureau, or inspection
agency.

8. C  Consumer: A person who is or represents the ul-
timate purchaser of a product, system, or ser-
vice affected by the standard, but who is not
included in (2).

9. SE Special Expert: A person not representing (1)
through (8) and who has special expertise in
the scope of the standard or portion thereof.

NOTE 1: “Standard” connotes code, standard, recom-
mended practice, or guide.

NOTE 2: A representative includes an employee.

NOTE 3: While these classifications will be used by the
Standards Council to achieve a balance for Technical
Committees, the Standards Council may determine that
new classifications of member or unique interests need
representation in order to foster the best possible Com-
mittee deliberations on any project. In this connection,
the Standards Council may make such appointments
as it deems appropriate in the public interest, such as
the classification of “Utilities” in the National Electrical
Code Committee.

NOTE 4: Representatives of subsidiaries of any group
are generally considered to have the same classification
as the parent organization.
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Submitting Public Input / Public Comment through the Electronic Submission System (e-Submission):

As soon as the current edition is published, a Standard is open for Public Input.

Before accessing the e-Submission System, you must first sign-in at www.NFPA.org. Note: You will be asked to sign-in or
create a free online account with NFPA before using this system:

a. Click in the gray Sign In box on the upper left side of the page. Once signed-in, you will see a red “Welcome”
message in the top right corner.

b. Under the Codes and Standards heading, Click on the Document Information pages (List of Codes & Standards),
and then select your document from the list or use one of the search features in the upper right gray box.

OR

a. Go directly to your specific document page by typing the convenient short link of www.nfpa.org/document#,
(Example: NFPA 921 would be www.nfpa.org/921) Click in the gray Sign In box on the upper left side of the page.
Once signed in, you will see a red “Welcome” message in the top right corner.

To begin your Public Input, select the link The next edition of this standard is now open for Public Input (formally
“proposals”) located on the Document Information tab, the Next Edition tab, or the right-hand Navigation bar. Alternatively,
the Next Edition tab includes a link to Submit Public Input online

At this point, the NFPA Standards Development Site will open showing details for the document you have selected. This
“Document Home” page site includes an explanatory introduction, information on the current document phase and closing
date, a left-hand navigation panel that includes useful links, a document Table of Contents, and icons at the top you can click
for Help when using the site. The Help icons and navigation panel will be visible except when you are actually in the process
of creating a Public Input.

Once the First Draft Report becomes available there is a Public comment period during which anyone may submit a Public
Comment on the First Draft. Any objections or further related changes to the content of the First Draft must be submitted at
the Comment stage.

To submit a Public Comment you may access the e-Submission System utilizing the same steps as previous explained for the
submission of Public Input.

For further information on submitting public input and public comments, go to: http://www.nfpa.org/publicinput
Other Resources available on the Doc Info Pages

Document information tab: Research current and previous edition information on a Standard

Next edition tab: Follow the committee’s progress in the processing of a Standard in its next revision cycle.
Technical committee tab: View current committee member rosters or apply to a committee

Technical questions tab: For members and Public Sector Officials/AHJs to submit questions about codes and standards to
NFPA staff. Our Technical Questions Service provides a convenient way to receive timely and consistent technical assistance
when you need to know more about NFPA codes and standards relevant to your work. Responses are provided by NFPA staff
on an informal basis.

Products/training tab: List of NFPA’s publications and training available for purchase.

Community tab: Information and discussions about a Standard

12/12-B
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Information on the NFPA Standards Development Process

I. Applicable Regulations. The primary rules governing the processing of NFPA standards (codes, standards, recommended practices, and
guides) are the NFPA Regulations Governing the Development of NFPA Standards (Regs). Other applicable rules include NFPA Bylaws,
NFPA Technical Meeting Convention Rules, NFPA Guide for the Conduct of Participants in the NFPA Standards Development Process,
and the NFPA Regulations Governing Petitions to the Board of Directors from Decisions of the Standards Council. Most of these rules and
regulations are contained in the NFPA Standards Directory. For copies of the Directory, contact Codes and Standards Administration at
NFPA Headquarters; all these documents are also available on the NFPA website at “www.nfpa.org.”

The following is general information on the NFPA process. All participants, however, should refer to the actual rules and regulations for a
full understanding of this process and for the criteria that govern participation.

II. Technical Committee Report. The Technical Committee Report is defined as “the Report of the responsible Committee(s), in
accordance with the Regulations, in preparation of a new or revised NFPA Standard.” The Technical Committee Report is in two parts and
consists of the First Draft Report and the Second Draft Report. (See Regs at 1.4)

III. Step 1: First Draft Report. The First Draft Report is defined as “Part one of the Technical Committee Report, which documents the
Input Stage.” The First Draft Report consists of the First Draft, Public Input, Committee Input, Committee and Correlating Committee
Statements, Correlating Input, Correlating Notes, and Ballot Statements. (See Regs at 4.2.5.2 and Section 4.3) Any objection to an action
in the First Draft Report must be raised through the filing of an appropriate Comment for consideration in the Second Draft Report or the
objection will be considered resolved. [See Regs at 4.3.1(b)]

IV. Step 2: Second Draft Report. The Second Draft Report is defined as “Part two of the Technical Committee Report, which documents
the Comment Stage." The Second Draft Report consists of the Second Draft, Public Comments with corresponding Committee Actions
and Committee Statements, Correlating Notes and their respective Committee Statements, Committee Comments, Correlating Revisions,
and Ballot Statements. (See Regs at Section 4.2.5.2 and 4.4) The First Draft Report and the Second Draft Report together constitute the
Technical Committee Report. Any outstanding objection following the Second Draft Report must be raised through an appropriate
Amending Motion at the Association Technical Meeting or the objection will be considered resolved. [See Regs at 4.4.1(b)]

V. Step 3a: Action at Association Technical Meeting. Following the publication of the Second Draft Report, there is a period during
which those wishing to make proper Amending Motions on the Technical Committee Reports must signal their intention by submitting a
Notice of Intent to Make a Motion. (See Regs at 4.5.2) Standards that receive notice of proper Amending Motions (Certified Amending
Motions) will be presented for action at the annual June Association Technical Meeting. At the meeting, the NFPA membership can
consider and act on these Certified Amending Motions as well as Follow-up Amending Motions, that is, motions that become necessary as
a result of a previous successful Amending Motion. (See 4.5.3.2 through 4.5.3.6 and Tablel, Columns 1-3 of Regs for a summary of the
available Amending Motions and who may make them.) Any outstanding objection following action at an Association Technical Meeting
(and any further Technical Committee consideration following successful Amending Motions, see Regs at 4.5.3.7 through 4.6.5.3) must be |
raised through an appeal to the Standards Council or it will be considered to be resolved. :

VI. Step 3b: Documents Forwarded Directly to the Council. Where no Notice of Intent to Make a Motion (NITMAM) is received and
certified in accordance with the Technical Meeting Convention Rules, the standard is forwarded directly to the Standards Council for action .
on issuance. Objections are deemed to be resolved for these documents. (See Regs at 4.5.2.5)

VII. Step 4a: Council Appeals. Anyone can appeal to the Standards Council concerning procedural or substantive matters related to the
development, content, or issuance of any document of the Association or on matters within the purview of the authority of the Council, as
established by the Bylaws and as determined by the Board of Directors. Such appeals must be in written form and filed with the Secretary
of the Standards Council (See Regs at 1.6). Time constraints for filing an appeal must be in accordance with 1.6.2 of the Regs. Objections
are deemed to be resolved if not pursued at this level.

VIII. Step 4b: Document Issuance. The Standards Council is the issuer of all documents (see Article 8 of Bylaws). The Council acts on
the issuance of a document presented for action at an Association Technical Meeting within 75 days from the date of the recommendation
from the Association Technical Meeting, unless this period is extended by the Council (See Regs at 4.7.2). For documents forwarded
directly to the Standards Council, the Council acts on the issuance of the document at its next scheduled meeting, or at such other meeting
as the Council may determine (See Regs at 4.5.2.5 and 4.7.4).

IX. Petitions to the Board of Directors. The Standards Council has been delegated the responsibility for the administration of the codes
and standards development process and the issuance of documents. However, where extraordinary circumstances requiring the intervention
of the Board of Directors exist, the Board of Directors may take any action necessary to fulfill its obligations to preserve the integrity of the
codes and standards development process and to protect the interests of the Association. The rules for petitioning the Board of Directors
can be found in the Regulations Governing Petitions to the Board of Directors from Decisions of the Standards Council and in 1.7 of the
Regs.

X. For More Information. The program for the Association Technical Meeting (as well as the NFPA website as information becomes
available) should be consulted for the date on which each report scheduled for consideration at the meeting will be presented. For copies of
the First Draft Report and Second Draft Report as well as more information on NFPA rules and for up-to-date information on schedules
and deadlines for processing NFPA documents, check the NFPA website (www.nfpa.org/aboutthecodes) or contact NFPA Codes &
Standards Administration at (617) 984-7246.
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Ur-To-DATE.
Join NFPA' Topay!

g YES Please enroll me as a member of NFPA for the term checked below. Activate all benefits, and ship
my Member Kit including the Benefits Guide and other resources to help me make the most of my NFPA membership.

Please allow three to four weeks for the kit to arrive.

BILLING INFORMATION:

Name Title

Organization

Address

City State Zip/Postal Code
Country

Phone E-mail

Pease ANSWER THE FOLLOWING QUESTIONS:

Job Title (check one)
Architect, Engineer, Consultant, Contractor (C17)
Facilities Safety Officer (F14)

Fire Chief, Other Fire Service (A11)

Loss Control, Risk Manager (L11)

Inspector, Building Official, Fire Marshal (FO3)
Owner, President, Manager, Administrator (C10)
Other (please specify): (G11)

ooododo

Type of Organization (check one)

Architecture, Engineering, Contracting (A14)

Commercial Firm (Office, Retail, Lodging, Restaurant) (G13)
Electrical Services, Installation (J11)

Fire Service, Public and Private (AA1)

Government (C12)

Industrial Firm (Factory, Warehouse) (C11)

Institutional (Health Care, Education, Detention, Museums) (B11)
Insurance, Risk Management (B12)

Utilities (G12)

oo dododod

Other:(please specify): (G11)

4 Easy AYS 10 JOIN

Fax:
Mail:

1-800-593-6372, Outside the U.S. +1-508-895-8301
NFPA Membership Services Center,

11 Tracy Drive, Avon, MA 02322-9908

nfpa.org

1-800-344-3555

Outside the U.S. call +1-617-770-3000

Online:
Call:

Priority Code: 8J-MIS-1Z

TeRMS AND PAYMENT:

1 year ($165)
[ 2 years ($300) SAVE $30
(3 years ($430) SAVE $65

Annual membership dues include a $45 subscription to NFPA Journal®. Regular membership in NFPA is individual and
non-transferable. NFPA Journal is a registered trademark of the National Fire Protection Association, Quincy, MA 02169.
Voting privileges begin after 180 days of individual membership. Prices subject to change.

PAYMENT METHOD:

Check One:

[ Payment Enclosed (vake check payable to NFPA.)

(1 Purchase Order (please attach this form to your P.O.)
1 Bill Me Later (Not available on International memberships.)
QVISA [ MasterCard 1 AmEx

Charge My: U Discover

Card #

Expiration Date

Name on Card

Signature

International members: Please note prepayment is required on all International orders. Be sure to enclose a check or
select your preferred credit card option.

100% MonEy-Back GUARANTEE
If anytime during your first year you decide
membership is not for you, let us know and you'll
receive a 100% refund of your dues.
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»\’ “"Member-Only" Benefits
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NEEA Keeps You Up-To-Date!

FREE! Technical Support — Technical Support by Phone/Email. Get fast, reliable answers to all
code-related questions—from electrical safety for employee workplaces to carbon dioxide extinguishing
systems—from NFPA's team of fire protection specialists.

NFPA Journal® — THE journal of record for fire protection, this bi-monthly publication will keep you
abreast of the latest fire prevention and safety practices, as well as new technologies and strategies for
protecting life and property from fire.

NFPA Update — This easy-to-read monthly e-newsletter will keep you up-to-date on important
association programs such as the annual meeting; bring you times of interest from NFPA's regional
offices; and alert you to nationwide events and opportunities you won't want to miss.

NFPA News — From new standards for dry cleaning plants to warning equipment for household
carbon monoxide, this monthly online update keeps you abreast of additions of changes that could
impact how you do you work.

NFPA Standards Directory — The NFPA Standards Directory is your complete guide to NFPA's
code-making process. Simply access your online NFPA member profile for document revision guidelines,
the revision cycle schedule, and forms for submitting Proposals and Comments. Your online NFPA
member profile and access to the NFPA Standards Directory is automatically generated once you join
NFPA.

FREE! Section Membership — Share YOUR expertise with others in any of 16 industry-specific
sections covering your own field of interest.

Member Kit — Includes Membership Certificate, Pin, Decals, ID Card, and Camera-ready Logo Art.
Display the NFPA member logo proudly on your business correspondence, literature, website, and
vehicles.

10% Discounts — Save hundreds of dollars each year on the many products and services listed in the
NFPA Catalog, including codes and standards publications, handbooks, training videos, and other
education materials to increase your knowledge and skills.

Voting Rights — Your chance to help shape the future direction of fire prevention codes and standards. Voting rights go into effect 180 days from the start of individual membership.

Conference Invitation— Invitation to the NFPA Conference and Expo. Attend this important
meeting at discounted rates as a member of NFPA.

Join NFPA today!
www.nfpa.org

NFPA® and NFPA Journal® are registered trademarks kof the National Fire Protection Association, Quincy, MA 02169-7471




