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DEPARTMENT OF LABOR

Occupational Safety and Health
Administration

29 CFR Parts 1910 and 1926 -
[Docket No. OSHA-5215-2006-0063]
RIN 1218-AB67

Electric Power Generation,
Transmission, and Distribution;
Electrical Protective Equipment

AGENCY: Occupational Safety and Health
Administration (OSHA), Labor.

ACTION: Final rule.

SUMMARY: OSHA last issued rules for the
construction of transmission and
distribution installations in 1972. Those
provisions are now out of date and
inconsistent with the more recently
promulgated general industry standard
covering the operation and maintenance
of electric power generation,
transmission, and distribution lines and
equipment. OSHA is revising the
construction standard to make it more
consistent with the general industry
standard and is making some revisions
to both the construction and general
industry requirements. The final rules
for general industry and construction
include new or revised provisions on
host employers and contractors,
training, job briefings, fall protection,
insulation and working position of
employees working on or near live
parts, minimum approach distances,
protection from electric arcs,
deenergizing transmission and
distribution lines and equipment,
protective grounding, operating
mechanical equipment near overhead
power lines, and working in manholes
and vaults. The ré¥ised standards will
ensure that employers, when
appropriate, must meet consistent
requirements for work performed under
the construction and general industry
standards.

The final rule also revises the general
industry and construction standards for
electrical protective equipment. The
existing construction standard for the
design of electrical protective
equipment, which applies only to
electric power transmission and
distribution work, adopts several
national consensus standards by
reference. The new standard for
electrical protective equipment, which
matches the corresponding general
industry standard, applies to all -
construction work and replaces the
incorporation of out-of-date consensus
standards with a set of performance-
oriented requirements that is consistent

with the latest revisions of the relevant
consensus standards. The final
construction rule also includes new
requirements for the safe use and care
of electrical protective equipment to
complement the equipment design
provisions. Both the general industry
and construction standards for electrical
protective equipment will include new
requirements for equipment made of
materials.other than rubber.

OSHA is also revising the general

“industry standard for foot protection.

This standard applies to employers
performing work on electric power
generation, transmission, and
distribution installations, as well as
employers in other industries. The final
rule removes the requirement for
employees to wear protective footwear
as protection against electric shock.
DATES: The final rule becomes effective
on July 10, 2014. (Certain provisions
have compliance deadlines after this
date as explained later in this
preamble.) :

ADDRESSES: In accordance with 28
U.S.C. 2112(a), the Agency designates
the Associate Solicitor of Labor for
Occupational Safety and Health, Office
of the Solicitor of Labor, Room $4004,
U.S. Department of Labor, 200
Constitution Avenue NW., Washington,
DC 20210, to receive petitions for
review of the final rule.

FOR FURTHER INFORMATION CONTACT:

General information and press
ingquiries: Mr. Frank Meilinger, Office of
Communications, Room N3647, OSHA,
U.S. Department of Labor, 200
Constitution Avenue NW., Washington,
DC 20210; telephone (202) 693-1999.

Technical information: Mr. David
Wallis, Directorate of Standards and
Guidance, Room N3718, OSHA, U.S.
Department of Labor, 200 Constitution
Avenue NW., Washington, DC 20210;
telephone (202) 693-1950 or fax (202)
693-1678.

For additional copies of this Federal
Register document, contact OSHA,
Office of Publications, U.S. Department
of Labor, Room N3101, 200 Constitution
Avenue NW., Washington, DC 20210;
telephone (202) 693-1888. Electronic
copies of this Federal Register
document are available at http://
www.regulations.gov. Electronic copies
of this Federal Register document, as
well as news releases and other relevant
documents, are available at O0SHA's
Web page at hitp://www.osha.gov.
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(2) 164,000 volts per meter (50,000
volts per foot) of length for 1 minute if
the tool is made of wood, or

(3) Other tests that the employer can
demonstrate are equivalent.

Note to paragraph (j){(2): Guidelines for the
examination, cleaning, repairing, and in-
service testing of live-line tools are specified
in the Institute of Electrical and Electronics
Engineers' IEEE Guide for Maintenance
Methods on Energized Power Lines, IEEE Std
516-2009.

(k) Materials handling and storage. (1)
General. Materials handling and storage
shall comply with applicable material-
handling and material-storage
requirements in this part, including
those in Subpart N of this part.

(2) Materials storage near energized
lines or equipment. (i) In areas to which
access is not restricted to qualified
persons only, materials or equipment
may not be stored closer to energized
lines or exposed energized parts of
equipment than the following distances,
plus a distance that provides for the
maximum sag and side swing of all
conductors and for the height and
movement of material-handling
equipment:

(A) For lines and equipment
energized at 50 kilovolts or less, the
distance is 3.05 meters (10 feet).

{B) For lines and equipment energized
at more than 50 kilovolts, the distance
is 3.05 meters (10 feet) plus 0.10 meter
(4 inches) for every 10 kilovolts over 50
kilovolts.

(ii) In areas restricted to qualified
employees, materials may not be stored
within the working space about
energized lines or equipment.

Note to paragraph (k)(2)(ii): Paragraphs
(u)(1) and (v)(3) of this section specify the
size of the working space.

(1) Working on or near exposed
energized parts. This paragraph applies
to work on exposed live parts, or near
enough to them to expose the employee
to any hazard they present.

(1) General. (i) Only qualified
employees may work on or with
exposed energized lines or parts of
equipment,

(ii) Only qualified employees may
work in areas containing unguarded,
uninsulated energized lines or parts of
equipment operating at 50 volts or more.

(iii) Electric lines and equipment shall
be considered and treated as energized
unless they have been deenergized in
accordance with paragraph (d) or (m) of
this section.

(2) At least two employees. (i) Except
as provided in paragraph (1)(2)(ii) of this
section, at least two employees shall be
present while any employees perform
the following types of work:

(A) Installation, remaval, or repair of
lines energized at more than 600 volts,

(B) Installation, removal, or repair of
deenergized lines if an employee is
exposed to contact with other parts
energized at more than 600 volts,

(C) Installation, removal, or repair of

" equipment, such as transformers,

capacitors, and regulators, if an
employee is exposed to contact with
parts energized at more than 600 volts,

(D) Work involving the use of
mechanical equipment, other than
insulated aerial lifts, near parts
energized at more than 600 volts, and

(E) Other work that exposes an
employee to electrical hazards greater
than, or equal to, the electrical hazards
posed by operations listed specifically
in paragraphs (1)(2)(i)(A) through
(1)(2)(1)(D) of this section.

(ii) Paragraph (1)(2)(i) of this section
does not apply to the following
operations:

(A) Routine circuit switching, when
the employer can demonstrate that
conditions at the site allow safe
performance of this work,

(B) Work performed with live-line
tools when the position of the employee

- is such that he or she is neither within
_reach of, nor otherwise exposed to

contact with, energized parts, and

(C) Emergency repairs to the extent
necessary to safeguard the general

ublic.

(3) Minimum approach distances. (i)
The employer shall establish minimum
approach distances no less than the
distances computed by Table R-3 for ac
systems or Table R—8 for dc systems.

(ii) No later than April 1, 2015, for
voltages aver 72.5 kilovolts, the
employer shall determine the maximum
anticipated per-unit transient
overvoltage, phase-to-ground, through
an engineering analysis or assume a
maximum anticipated per-unit transient
overvoltage, phase-to-ground, in
accordance with Table R—9. When the
employer uses portable protective gaps
to control the maximum transient
overvoltage, the value of the maximum
anticipated per-unit transient
overvoltage, phase-to-ground, must
provide for five standard deviations
between the statistical sparkover voltage
of the gap and the statistical withstand
voltage corresponding to the electrical
component of the minimum approach
distance. The employer shall make any
engineering analysis conducted to
determine maximum anticipated per-
unit transient overvoltage available
upon request to employees and to the
Assistant Secretary or designee for
examination and copying.

Note to paragraph (1)(3)(ii): See Appendix
B to this section for information on how to

calculate the maximum anticipated per-unit
transient overvoltage, phase-to-ground, when
the employer uses portable protective gaps to
reduce maximum transient overvoltages.

(iii) The employer shall ensure that no
employee approaches or takes any
conductive object closer to exposed
energized parts than the employer’s
established minimum approach
distance, unless:

(A) The employee is insulated from
the energized part (rubber insulating
gloves or rubber insulating gloves and
sleeves worn in accordance with
paragraph (1)(4) of this section
constitutes insulation of the employee
from the energized part upon which the
employee is working provided that the
employee has control of the part in a
manner sufficient to prevent exposure to
uninsulated portions of the employee’s
body), or

(B) The energized part is insulated
from the employee and from any other
conductive object at a different
potential, or

(C) The employee is insulated from
any other exposed conductive object in
accordance with the requirements for
live-line barehand work in paragraph
(q)(3) of this section.

(4) Type of insulation. (i) When an
employee uses rubber insulating gloves
as insulation from energized parts
(under paragraph (1)(3)(iii)(A) of this
section), the employer shall ensure that
the employee also uses rubber
insulating sleeves. However, an
employee need not use rubber
insulating sleeves if:

(A) Exposed energized parts on which
the employee is not working are
insulated from the employee; and

(B) When installing insulation for
purposes of paragraph (1)(4)(i)(A) of this
section, the employee installs the
insulation from a position that does not
expose his or her upper arm to contact
with other energized parts.

(ii) When an employee uses rubber
insulating gloves or rubber insulating
gloves and sleeves as insulation from
energized parts (under paragraph
(1)(3)(iii)(A) of this section), the
employer shall ensure that the
employee:

(A) Puts on the rubber insulating
gloves and sleeves in a position where
he or she cannot reach into the
minimum approach distance,
established by the employer under
paragraph (1)(3)(i) of this section; and

(B) Does not remove the rubber
insulating gloves and sleeves until he or
she is in a position where he or she
cannot reach into the minimum
approach distance, established by the
employer under paragraph (1)(3)(i) of
this section.
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(5) Working position. (i) The employer
shall ensure that each employee, to the
extent that other safety-related
conditions at the worksite permit, works
in a position from which a slip or shock
will not bring the employee’s body into
contact with exposed, uninsulated parts
energized at a potential different from
the employee's.

(ii) When an employee performs work
near exposed parts energized at more
than 600 volts, but not more than 72.5
kilovolts, and is not wearing rubber
insulating gloves, being protected by
insulating equipment covering the
energized parts, performing work using
live-line tools, or performing live-line
barehand work under paragraph (g)(3) of
this section, the employee shall work
from a position where he or she cannot
reach into the minimum approach
distance, established by the employer
under paragraph (1)(3)(i) of this section.

(6) Making connections. The employer
shall ensure that employees make
connections as follows:

(i) In connecting deenergized
equipment or lines to an energized
circuit by means of a conducting wire or
device, an employee shall first attach
the wire to the deenergized part;

(ii) When disconnecting equipment or
lines from an energized circuit by means
of a conducting wire or device, an
employee shall remove the source end
first; and

(iii) When lines or equipment are
connected to or disconnected from
energized circuits, an employee shall
keep loose conductors away from
exposed energized parts.

(7) Conductive articles. When an
employee performs work within
reaching distance of exposed energized
parts of equipment, the employer shall
ensure that the employee removes or
renders nonconductive all exposed
conductive articles, such as keychains
or watch chains, rings, or wrist watches
or bands, unless such articles do not
increase the hazards associated with
contact with the energized parts.

(8) Protection from flames and electric
ares. (i) The employer shall assess the
workplace to identify employees
exposed to hazards from flames or from
electric arcs.

(ii) For each employee exposed to
hazards from electric arcs, the employer
shall make a reasonable estimate of the
incident heat energy to which the
employee would be exposed.

Note 1 to paragraph (1)(8)(ii): Appendix E
to this section provides guidance on
estimating available heat energy. The
Occupational Safety and Health
Administration will deem employers
following the guidance in Appendix E to this
section to be in compliance with paragraph

(1)(8)(ii) of this section. An employer may
choose a method of calculating incident heat
energy not included in Appendix E to this
section if the chosen method reasonably
predicts the incident energy to which the
employee would be exposed.

Note 2 to paragraph (1)(8)(ii): This
paragraph does not require the employer to
estimate the incident heat energy exposure
for every job task performed by each
employee. The employer may make broad
estimates that cover multiple system areas
provided the employer uses reasonable
assumptions about the energy-exposure
distribution throughout the system and
provided the estimates represent the
maximum employee exposure for those areas.
For example, the employer could estimate
the heat energy just outside a substation
feeding a radial distribution system and use
that estimate for all jobs performed on that
radial system.

(iii) The employer shall ensure that
each employee who is exposed to
hazards from flames or electric arcs does
not wear clothing that could melt onto
his or her skin or that could ignite and
continue to burn when exposed to
flames or the heat energy estimated
under paragraph (1)(8)(ii) of this section.

Note to paragraph (1)(8)(iii) of this section:
This paragraph prohibits clothing made from
acetate, nylon, polyester, rayon and
polypropylene, either alone or in hlends,
unless the employer demonstrates that the
fabric has been treated to withstand the
conditions that may be encountered by the
employee or that the employee wears the
clothing in such a manner as to eliminate the
hazard involved.

(iv) The employer shall ensure that
the outer layer of clothing worn by an
employee, except for clothing not
required to be arc rated under
paragraphs (1)(8)(v)(A) through
(1)(8)(v)(E) of this section, is flame
resistant under any of the following
conditions:

(A) The employee is exposed to
contact with energized circuit parts
operating at more than 600 volts,

(B) An electric arc could ignite
flammable material in the work area
that, in turn, could ignite the
employee’s clothing,

(C) Molten metal or electric arcs from
faulted conductors in the work area
could ignite the employee’s clothing, or

Note to paragraph (1)(8)(iv)(C): This
paragraph does not apply to conductors that
are capable of carrying, without failure, the
maximum available fault current for the time

the circuit protective devices take to
interrupt the fault.

(D) The incident heat energy
estimated under paragraph (1)(8)(ii) of
this section exceeds 2.0 cal/cm?2.

(v) The employer shall ensure that
each employee exposed to hazards from
electric arcs wears protective clothing

and other protective equipment with an
arc rating greater than or equal to the
heat energy estimated under paragraph
(1)(8)(ii) of this section whenever that
estimate exceeds 2.0 cal/cm?2. This
protective equipment shall cover the
employee’s entire body, except as
follows:

(A) Arc-rated protection is not
necessary for the employee’s hands
when the employee is wearing rubber
insulating gloves with protectors or, if
the estimated incident energy is no
more than 14 cal/cm?, heavy-duty
leather work gloves with a weight of at
least 407 gm/m? (12 oz/yd2),

(B) Arc-rated protection is not
necessary for the employee’s feet when
the employee is wearing heavy-duty
waork shoes or boots,

(C) Arc-rated protection is not
necessary for the employee’s head when
the employee is wearing head protection
meeting § 1910.135 if the estimated
incident energy is less than 9 cal/cm?
for exposures involving single-phase
arcs in open air or 5 cal/cm? for other
exposures,

(D) The protection for the employee's
head may consist of head protection
meeting § 1910.135 and a faceshield
with a minimum arc rating of 8 cal/cm?
if the estimated incident-energy
exposure is less than 13 cal/cm? for
exposures involving single-phase arcs in
open air or 9 cal/cm? for other
exposures, and

(E) For exposures involving single-
phase arcs in open air, the arc rating for
the employee’s head and face protection
may be 4 cal/cm? less than the
estimated incident energy.

Note to paragraph (1)(8): See Appendix E
to this section for further information on the
selection of appropriate protection.

(vi) Dates. (A) The obligation in
paragraph (1)(8)(ii) of this section for the
employer to make reasonable estimates
of incident energy commences January
1, 2015.

(B) The obligation in paragraph
(1)(8)(iv)(D) of this section for the
employer to ensure that the outer layer
of clothing worn by an employee is
flame-resistant when the estimated
incident heat energy exceeds 2.0 cal/
cm? commences April 1, 2015.

(C) The obligation in paragraph
(1)(8)(v) of this section for the employer
to ensure that each employee exposed to
hazards from electric arcs wears the
required arc-rated protective equipment
commences April 1, 2015.

(9) Fuse handling. When an employee
must install or remove fuses with one or
both terminals energized at more than
300 volts, or with exposed parts
energized at more than 50 volts, the
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employer shall ensure that the employee
uses tools or gloves rated for the voltage.
When an employee installs or removes
expulsion-type fuses with one or both
terminals energized at more than 300
volts, the employer shall ensure that the
employee wears eye protection meeting
the requirements of Subpart I of this
part, uses a tool rated for the voltage,
and is clear of the exhaust path of the
fuse barrel.

(10) Covered (noninsulated)
conductors. The requirements of this

section that pertain to the hazards of
exposed live parts also apply when an
employee performs work in proximity to
covered (noninsulated) wires.

(11) Non-current-carrying metal parts.
Non-current-carrying metal parts of
equipment or devices, such as
transformer cases and circuit-hreaker
housings, shall be treated as energized
at the highest voltage to which these
parts are exposed, unless the employer
inspects the installation and determines

that these parts are grounded before
employees begin performing the work,

(12) Opening and closing circuits
under load. (i) The employer shall
ensure that devices used by employees
to open circuits under load conditions
are designed to interrupt the current
involved.

(ii) The employer shall ensure that
devices used by employees to close
circuits under load conditions are
designed to safely carry the current
involved.

TABLE R—3—AC LIVE-LINE WORK MINIMUM APPROACH DISTANCE
[The minimum approach distance (MAD; in meters) shall conform to the following equations.]

For phase-to-phase system voltages of 50 V to 300 V:1
MAD = avoid contact

For phase-to-phase system voltages of 301 V to 5 kV: 1

MAD = M + D, where
D=0.02 M i 1NE lECHiCa]l component of the minimum approach distance.
M = 0.31 m for voltages up to 750 V and 0.61 m otherwise the inadvertent movement factor.

For phase-to-phase system voltages of 5.1 kV to 72.5 kv:14
MAD = M + AD, where

M=0.61M i, TNE INADVErtent movement factor.
A = the applicable value from Table R-5 .........c..ccc.... the altitude correction factor.

D = the value from Table R—4 corresponding to the voltage and exposure the electrical component of the minimum approach distance.
or the value of the electrical component of the minimum approach dis-
tance calculated using the method provided in Appendix B to this section.

For phase-to-phase system voltages of more than 72.5 kV, nominal:24
MAD = 0.3048(C + )VL.cTA + M, where
C = 0.01 for phase-to-ground exposures that the employer can demonstrate consist only of air across the approach distance (gap),

0.01 for phase-to-phase exposures if the employer can demonstrate that no insulated tool spans the gap and that no large conductive
object is in the gap, or

0.011 otherwise
VL.c = phase-to-ground rms voltage, in kV
T = maximum anticipated per-unit transient overvoltage; for phase-to-ground exposures, T equals Ti.g, the maximum per-unit transient

overvoltage, phase-to-ground, determined by the employer under paragraph ()(3)(ii) of this section; for phase-to-phase exposures, T
equals 1.35T_.g + 0.45

A = altitude correction factor from Table R-5
M= 0.31 m, the inadvertent movement factor
a = saturation factor, as follows:

Phase-to-Ground Exposures

635 kV or less
B s G RS 0

635.1 to 915 kV
(Vpea-635)/140,000

915.1 to 1,050 kV
(Veear-645)/135,000

More than 1,050 kV
(Vpear-675)/125,000

Phase-to-Phase Exposures 3

Veear = (1.35T.g +
0.45)V;.oV2 630 kV or less
B R B s sna 0

630.1 to 848 kV
(Virear-630)/155,000

848.1 to 1,131 kV
(Veear-633.6)/152,207

1,131.1 to 1,485 kV More than 1,485 kV
(Vpear-628)/153,846 (Vpear-350.5)/203,666

" Employers may use the minimum approach distances in Table R—6. If the worksite is at an elevation of more than 900 meters (3,000 feet),
see footnote 1 to Table R-6.

2Employers may use the minimum approach distances in Table R-7, except that the employer may not use the minimum approach distances
in Table R-7 for phase-to-phase exposures if an insulated tool spans the gap or if any large conductive object is in the gap. If the worksite is at
an elevation of more than 900 meters (3,000 feet), see footnote 1 to Table R-7. Employers may use the minimum approach distances in Table 6
through Table 13 in Appendix B to this section, which calculated MAD for various values of T, provided the employer follows the notes to those
tables.

3Use the equations for phase-to-ground exposures (with Vp..: for phase-to-phase exposures) unless the employer can demonstrate that no in-
sulated tool spans the gap and that no large conductive object is in the gap.

4 Until March 31, 2015, employers may use the minimum approach distances in Table 6 through Table 13 in Appendix B to this section.
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Appendix A-5 to §1910.269—Application of §§1910.146 and 1910.269 to Permit-

Required Confined Spaces

NO

v

Is this a confined space as defined

in §1910.146(b)?'
Neither §1910.146
nor §1910.269(e) YES
applies in its entirety. - —Y
Is it a permit space as defined in
1 §1910.146(b)?
NO
YES
A4
NO
Does the work performed fall
within the scope of §1910.269?
Y3
v NO ¥
§1910.146 Is the space an enclosed space as
) defined in §1910.269(x)?
A
YES
v
Are all hazards controlled through 319 10{;369(e)
i ?
No Lmeasures required by §1910.2691 §1910.146

See §1910.146(c) for general nonentry requirements that apply to all confined

spaces.

Appendix B to §1910.269—Working on
Exposed Energized Parts

L. Introduction

Electric utilities design electric pawer
generation, transmission, and distribution
installations to meet National Electrical
Safety Code (NESC), ANSI C2, requirements.
Electric utilities also design transmission and
distribution lines to limit line outages as
required by system reliability criteria? and to
withstand the maximum overvoltages
impressed on the system. Conditions such as
switching surges, faults, and lightning can
cause avervoltages. Electric utilities generally
select insulator design and lengths and the
clearances to structural parts so as to prevent
outages from contaminated line insulation
and during storms. Line insulator lengths and
structural clearances have, over the years,
come closer to the minimum approach
distances used by workers. As minimum
approach distances and structural clearances
converge, it is increasingly important that

1Federal, State, and local regulatory bodies and
electric utilities set reliability requirements that
limit the number and duration of system outages.

system designers and system operating and
maintenance personnel understand the
concepts underlying minimum approach
distances,

The information in this appendix will
assist employers in complying with the
minimum approach-distance requirements
contained in § 1910.269(1)(3) and (q)(3).
Employers must use the technical criteria
and methodology presented in this appendix
in establishing minimum approach distances
in accordance with § 1910.269(1)(3)(i) and
Table R—3 and Table R-8. This appendix
provides essential background information
and technical criteria for the calculation of
the required minimum approach distances
for live-line work on electric power
generation, transmission, and distribution
installations.

Unless an employer is using the maximum
transient overvoltages specified in Table R—
9 for voltages aver 72.5 kilovolts, the
employer must use persons knowledgeable in
the techniques discussed in this appendix,
and competent in the field of electric
transmission and distribution system design,
to determine the maximum transient
overvolfage.

II. General

A. Definitions. The following definitions
from § 1910.269(x) relate to work on or near
electric power generation, transmission, and
distribution lines and equipment and the
electrical hazards they present.

Exposed. , . . Not isolated or gnarded.

Guarded. Covered, fenced, enclosed, or
otherwise protected, by means of suitable
covers or casings, barrier rails or screens,
mats, or platforms, designed to minimize the
possibility, under normal conditions, of
dangerous approach or inadvertent contact
by persons or objects.

Note to the definition of “guarded’: Wires
that are insulated, but not otherwise
protected, are not guarded.

Insulated. Separated from other conducting
surfaces by a dielectric (including air space)
offering a high resistance to the passage of
current.

Note to the definition of “insulated’:
‘When any object is said to be insulated, it is
understood to be insulated for the conditions
to which it normally is subjected. Otherwise,
it is, for the purpose of this section,
uninsulated.
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Isolated. Not readily accessible to persons
unless special means for access are used.

Statistical sparkover voltage. A transient
overvoltage level that produces a 97.72-
percent probability of sparkover (that is, two
standard deviations above the voltage at
which there is a 50-percent probahility of
sparkover).

Statistical withstand voltage. A transient
overvoltage level that produces a 0.14-
percent probability of sparkover (that is,
three standard deviations below the voltage
at which there is a 50-percent probability of
sparkover).

B. Installations energized at 50 to 300
volts. The hazards posed by installations
energized at 50 to 300 volts are the same as
those found in many other workplaces. That
is not to say that there is no hazard, but the
complexity of electrical protection required
does not compare to that required for high-
voltage systems. The employee must avoid
contact with the exposed parts, and the
protective equipment used (such as rubber
insulating gloves) must provide insulation for
the voltages involved.

C. Exposed energized parts over 300 volts
AC. Paragraph (1)(3)(i) of § 1910.260 requires
the employer to establish minimum approach
distances no less than the distances
computed by Table R-3 for ac systems so that
employees can work safely without risk of
sparkover.?

Unless the employee is using electrical
protective equipment, air is the insulating
medium between the employee and
energized parts. The distance between the
employee and an energized part must be
sufficient for the air to withstand the
maximum transient overvoltage that can
reach the worksite under the working
conditions and practices the employee is
using. This distance is the minimum air
insulation distance, and it is equal to the
electrical compornent of the minimum
approach distance.

Normal system design may provide or
include a means (such as lightning arrestors)
to control maximum anticipated transient
overvoltages, or the employer may use
temporary devices (portable protective gaps)
or measures (such as preventing automatic
circuit breaker reclosing) to achieve the same
result. Paragraph (1)(3)(ii) of § 1910.269
requires the employer to determine the
maximum anticipated per-unit transient
overvoltage, phase-to-ground, through an

engineering analysis or assume a maximum =~

anticipated per-unit transient overvoltage,
phase-to-ground, in accordance with Table
R-9, which specifies the following
maximums for ac systems:

72.6 to 420.0 kilovolts—3.5 per unit

420.1 to 550.0 kilovolts—3.0 per unit

2 Sparkover is a disruptive electric discharge in
which an electric arc forms and electric current
passes through air.

550.1 to 800.0 kilovolts—2.5 per unit

See paragraph IV.A.2, later in this
appendix, for additional discussion of
maximurn transient overvoltages.

D. Types of exposures. Employees working
on or near energized electric power
generation, transmission, and distribution
systems face two kinds of exposures: Phase-
to-ground and phase-to-phase. The exposure
is phase-to-ground: (1) With respect to an
energized part, when the employee is at
ground potential or (2) with respect to
ground, when an employee is at the potential
of the energized part during live-line
barehand work. The exposure is phase-to-
phase, with respect to an energized part,
when an employee is at the potential of
anather energized part (at a different
potential) during live-line barehand work.

III. Determination of Minimum Approach
Distances for AC Voltages Greater Than 300
Volts

A. Voltages of 301 to 5,000 volts. Test data
generally forms the basis of minimum air
insulation distances. The lowest voltage for
which sufficient test data exists is 5,000
volts, and these data indicate that the
minimum air insulation distance at that
voltage is 20 millimeters (1 inch). Because
the minimum air insulation distance
increases with increasing voltage, and,
conversely, decreases with decreasing
valtage, an assumed minimum air insulation
distance of 20 millimeters will protect
against sparkover at voltages of 301 to 5,000
valts. Thus, 20 millimeters is the electrical
component of the minimum approach
distance for these voltages.

B. Voltages of 5.1 to 72.5 kilovolts. For
voltages from 5.1 to 72.5 kilovalts, the
Occupational Safety and Health
Administration bases the methodology for
calculating the electrical component of the
minimum approach distance on Institute of
Electrical and Electronic Engineers (IEEE)
Standard 4-1995, Standard Techniques for
High-Voltage Testing. Table 1 lists the critical
sparkover distances from that standard as
listed in IEEE Std 516—2009, IEEE Guide for
Maintenance Methods on Energized Power
Lines.

TABLE 1—SPARKOVER DISTANCE FOR
RoD-TO-R0OD GAP

Gap spacing
60 Hz Rod-to-Rod ‘ from IEEE Std
sparkover 4-1995
(kV peak) (em)
36 i 3
46 ... 4
53 i 5
60 ... 6
70 ... 8

TABLE 1—SPARKOVER DISTANCE FOR
RoD-T0-ROD GAP—Continued

Gap spacing
from IEEE Std
4-1995
(cm)

60 Hz Rod-to-Rod
sparkover
(kV peak)

12
14
16
18
20
25
30
35
40
45
50
60

Source: IEEE Std 516-2009.

To use this table to determine the electrical
component of the minimum approach
distance, the employer must determine the
peak phase-to-ground transient overvoltage
and select a gap from the table that
corresponds to that voltage as a withstand
voltage rather than a critical sparkover
voltage. To calculate the electrical
component of the minimum approach
distance for voltages between 5 and 72.5
kilovolts, use the following procedure:

1. Divide the phase-to-phase voltage by the
square root of 3 to convert it to a phase-to-
ground voltage.

2. Multiply the phase-to-ground voltage by
the square root of 2 to convert the rms value
of the voltage to the peak phase-to-ground
voltage.

3. Multiply the peak phase-to-ground
voltage by the maximum per-unit transient
overvoltage, which, for this voltage range, is
3.0, as discussed later in this appendix. This
is the maximum phase-to-ground transient
overvoltage, which corresponds to the
withstand voltage for the relevant exposure.?

4. Divide the maximum phase-to-ground
transient overvoltage by 0.85 to determine
the corresponding critical sparkover voltage.
(The critical sparkover voltage is 3 standard
deviations (or 15 percent) greater than the
withstand voltage.) )

5. Determine the electrical component of
the minimum approach distance from Table
1 through interpolation.

Table 2 illustrates how to derive the
electrical component of the minimum
approach distance for voltages from 5.1 to
72.5 kilovolts, before the application of any
altitude correction factor, as explained later.

3The withstand voltage is the voltage at which
sparkover is not likely to occur across a specified
distance. It is the voltage taken at the 3c point
below the sparkover voltage, assuming that the
sparkover curve follows a normal distribution.
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TABLE 2—CALCULATING THE ELECTRICAL COMPONENT OF MAD 751 V TO 72.5 KV
Maximum system phase-to-phase voltage (kV)
Step
15 36 46 725

ol O - < e RS 8.7 20.8 26.6 41.9
2. MUHPY BY V2 ceoeriireresessesssssseseses e sess s ssessens. 12.2 29.4 37.6 59.2
3. Multiply by 3.0 ... 36.7 88.2 1127 177.6
4. Divide by 0.85 ....cceveeen. 43.2 103.7 132.6 208.9
5. Interpolate from Table 1 ........... 3+(7.2/10)1 14+(8.7/9)*2 20+(12.6/23)*5 35+(16.9/26)*5
Electrical component of MAD (CM) ...coocveinercnercrenrsee e ers s sserenes 3.72 15.93 22,74 38.25

C. Voltages of 72.6 to 800 kilovolis. For
voltages of 72.6 kilovolts to 800 kilovolts,
this section bases the electrical component of
minimum approach distances, before the
application of any altitude correction factor,
on the following formula:

Equation 1—For Voltages of 72.6 kV to 800

kv

D =0.3048(C+ a) Vi-¢T

Where:

D = Electrical component of the minimum
approach distance in air in meters;

C = a correction factor associated with the
variation of gap sparkover with voltage;

a = A factor relating to the saturation of air
at system voltages of 345 kilovolts or
higher; 4

Vi-¢ = Maximum system line-to-ground rms
voltage in kilovolts—it should be the
“actual’ maximum, or the normal
highest voltage for the range (for
example, 10 percent above the nominal
voltage); and

T = Maximum transient overvoltage factor in
per unit.

In Equation 1, Cis 0.01: (1) For phase-to-
ground exposures that the employer can
demonstrate consist only of air across the
approach distance (gap) and (2) for phase-to-
phase exposures if the employer can
demonstrate that no insulated tool spans the

gap and that no large conductive object is in
the gap. Otherwise, Cis 0.011.

In Equation 1, the term a varies depending
on whether the employee’s exposure is
phase-to-ground or phase-to-phase and on
whether objects are in the gap. The employer
must use the equations in Table 3 to calculate
a. Sparkover test data with insulation
spanning the gap form the basis for the
equations for phase-to-ground exposures, and
sparkover test data with only air in the gap
form the basis for the equations for phase-to-
phase exposures. The phase-to-ground
equations result in slightly higher values of
a, and, consequently, produce larger
minimum approach distances, than the
phase-to-phase equations for the same value
of Vpeak.

TABLE 3—EQUATIONS FOR CALCULATING THE SURGE FACTOR, a

Phase-to-ground exposures

a

Vpek = TL_GVL.G'\IQ T T T e R

635 kV or less

635.1 to 915 kV

915.1 to 1,050 kV

mek = T[_.G VL—G '\’2 ............................................

0

(Vpear- 635)/140,000 (Vpea-645)/135,000

More than 1,050 kV

{Vrpear-675)/125,000

Phase-to-phase exposures 1

a

Vecar = (1.35Tr. + 0.4B) VL G2 oviiviieeseerseesesess st ceseseceseeenen

630 kV or less
0

630.1 to 848 kV

8481 10 1,131 kV
(Vpear-630)/155,000

(Vpear-633.6)/152,207

Vpear = (135 TL-G + O45) V]__.G\jz

1,131.1 to 1,485 kV
(Vpear-628)/153,846

More than 1,485 kv
(Vpear-350.5)/203,666

1Use the equations for phase-to-ground exposures (with Ve, for phase-to-
sulated tool spans the gap and that no large conductive object is in the gap.

In Equation 1, T'is the maximum transient
overvoltage factor in per unit. As noted
earlier, § 1910.269(1)(3)(ii) requires the
employer to determine the maximum
anticipated per-unit transient overvoltage,
phase-to-ground, through an engineering
analysis or assume a maxirnum anticipated
per-unit transient overvoltage, phase-to-
ground, in accordance with Table R-8. For
phase-to-ground exposures, the employer
uses this value, called T;.¢, as T in Equation
1. IEEE Std 516-2009 provides the following
formula to calculate the phase-to-phase
maximum transient overvoltage, Tz, from
TL,G.'

Trr=1.35T.6+ 045

4 Test data demonstrates that the saturation factor
is greater than 0 at peak voltages of about 630
kilovolts. Systems operating at 345 kilovolts (or

For phase-to-phase exposures, the emplayer
uses this value as T in Equation 1.

D. Provisions for inadvertent movement.
The minimum approach distance must
include an “adder” to compensate for the
inadvertent movement of the worker relative
to an energized part or the movement of the
part relative to the worker. This “adder”
must account for this possible inadvertent
movement and provide the worker with a
comfortable and safe zone in which to work.
Employers must add the distance for
inadvertent movement (called the
“ergonomic component of the minimum
approach distance™) to the electrical
component to determine the total safe

maximum system voltages of 362 kilovalts) can
have peak maximum transient overvoltages

phase exposures) unless the employer can demonstrate that no in-

minimum approach distances used in live-
line work. ;

The Occupational Safety and Health
Administration based the ergonomic
component of the minimum approach
distance on response time-distance analysis.
This technique uses an estimate of the total
response time to a hazardous incident and
converts that time to the distance traveled.
For example, the driver of a car takes a given
amount of time to respond to a “stimulus”
and stop the vehicle. The elapsed time
involved results in the car's traveling some
distance before coming to a complete stap.
This distance depends on the speed of the car

exceeding 630 kilovolts. Table R-3 sets equations
for calculating a based on peak voltage.
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at the time the stimulus appears and the
reaction time of the driver.

In the case of live-line work, the employee
must first perceive that he or she is
approaching the danger zone. Then, the
worker responds to the danger and must
decelerate and stop all motion toward the
energized part. During the time it takes to
stop, the employee will travel some distance.
This is the distance the employer must add
to the electrical component of the minimum
approach distance to obtain the total safe
minimum approach distance.

At voltages from 751 volts to 72.5
kilovolts,5 the electrical component of the
minimum approach distance is smaller than
the ergonomic component. At 72.5 kilovolts,
the electrical component is only a little more
than 0.3 meters (1 foot). An ergonomic
component of the minimum approach

distance must provide for all the worker’s
unanticipated movements. At these voltages,
workers generally use rubber insulating
gloves; however, these gloves protect only a
worker's hands and arms. Therefore, the

" energized object must be at a safe approach

distance to protect the waorker's face. In this
case, 0.61 meters (2 feet) is a sufficient and
practical ergonomic component of the
minimum approach distance.

For voltages between 72.6 and 800
kilovolts, employees must use different work
practices during energized line work.

Generally, ermnployees use live-line tools (hot -

sticks) to perform work on energized
equipment. These tools, by design, keep the
energized part at a constant distance from the
employee and, thus, maintain the appropriate
minimum approach distance automatically.

The location of the worker and the type of
work methods the worker is using also
influence the length of the ergonomic
component of the minimum approach
distance. In this higher voltage range, the
employees use work methods that more
tightly control their movements than when
the workers perform work using rubber
insulating gloves. The worker, therefore, is
farther from the energized line or equipment
and must be mare precise in his or her
movements just to perform the work. For
these reasons, this section adopts an
ergonomic component of the minimum

-approach distance of 0.31 m (1 foot) for

voltages between 72.6 and 800 kilovolts.
Table 4 summarizes the ergonomic

component of the minimum approach

distance for various voltage ranges.

TABLE 4—ERGONOMIC COMPONENT OF MINIMUM APPROACH DISTANCE

. Distance
Voltage range (kV)
m ft
B0 1000780 nevemsmsrmmeras srvearmmmees siimitn shatis sh A s o B P b s B P S A R iR AR RV e 0.31 1.0
0.751t0 725 ... 5 0.61 2.0
FOB O BOD .oivisrinresssnsnsymmnsssaninss smemmassnnuansutaensnmsasasss bxs o4 SHsann VeV o0 Hvm S ST PO R e R B s e 0.31 . 1.0

Note: The employer must add this distance to the electrical component of the minimum approach distance to obtain the full minimum approach

distance.

" The ergonomic component of the
minimum approach distance accounts for
errors in maintaining the minimum approach
distance (which might occur, for example, if
an employee misjudges the length ofa
conductive object he or she is holding), and

- for errors in judging the minimum approach
distance. The ergonomic component also
accounts for inadvertent movements by the
employee, such as slipping. In contrast, the
working position selected to properly
maintain the minimum approach distance
must account for all of an employee’s
reasonably likely movements and still permit

5 For valtages of 50 to 300 volts, Table R—3
specifies a minimum approach distance of “avaid

the employee to adhere to the applicable
minimum approach distance. (See Figure 1.)
Reasonably likely movements include an
employee's adjustments to tools, equipment,
and working positions and all movements
needed to perform the work. For example,
the employee should be able to perform all
of the following actions without straying into
the minimum approach distance:

o Adjust his or her hardhat,

¢ maneuver a tocl onto an energized part
with areasonable amount of overreaching or
underreaching,

contact.”” The minimum approach distance for this

e reach for and handle tools, material, and
equipment passed to him or her, and

o adjust tools, and replace components on
them, when necessary during the work
procedure. .

The training of qualified employees
required under § 1910.269(a)(2), and the job
planning and briefing required under
§1910.269(c), must address selection of a
proper working position.

BILLING CODE 4510-26-P

voltage range contains neither an electrical
component 0or an ergonomic component.

‘.

v,

I,ﬂm,
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BILLING CODE 4510-26-C

E. Miscellaneous correction faciors.
Changes in the air medium that forms the
insulation influences the strength of an air
gap. A brief discussion of each factor follows.

1. Dielectric strength of air. The dielectric
strength of air in a uniform electric field at
standard atmospheric conditions is

Energized Part

Minimum
Approach
Distance

Reasonably Likely

Movements of
Employee

Figure 1—Maintaining the Minimum Approach Distance

approximately 3 kilovolts per millimeter.&

&For the purposes of estimating arc length,
§1910.269 generally assumes a more conservative
dielectric strength of 10 kilovolts per 25.4
millimeters, consistent with assumptions made in
consensus standards such as the National Electrical
Safety Code (IEEE C2-2012). The more conservative

The pressure, temperature, and humidity of
the air, the shape, dimensions, and
separation of the electrodes, and the

value accounts for variables such as electrode
shape, wave shape, and a certain amount of
overvoltage.
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characteristics of the applied voltage (wave
shape) affect the disruptive gradient.

2. Atmospheric effect. The empirically
determined electrical strength of a given gap
is normally applicable at standard
atmospheric conditions (20 °C, 101.3
kilopascals, 11 grams/cubic centimeter
humidity). An increase in the density
(humidity) of the air inhibits sparkaover fora
given air gap. The combination of
temperature and air pressure that results in
the lowest gap sparkover voltage is high
temperature and low pressure. This
combination of conditions is not likely to
occur. Low air pressure, generally associated
with high humidity, causes increased
electrical strength. An average air pressure
generally correlates with low humidity. Hot
and dry working conditions normally result
in reduced electrical strength. The equations
for minimum approach distances in Table
R-3 assume standard atmospheric
conditions.

3. Altitude. The reduced air pressure at
high altitudes causes a reduction in the

electrical strength of an air gap. An employer
must increase the minimum approach _
distance by about 3 percent per 300 meters
(1,000 feet) of increased altitude for altitudes
above 900 meters (3,000 feet). Table R—5
specifies the altitude correction factor that
the employer must use in calculating
minimum approach distances.

IV. Determining Minimum Approach
Distances

A. Factors Affecting Voltage Stress at the
Worksite

1. System voltage (nominal). The nominal
system voltage range determines the voltage
for purposes of calculating minimum
approach distances. The employer selects the
range in which the nominal system voltage
falls, as given in the relevant table, and uses
the highest value within that range in per-
unit calculations.

2. Transient overvoltages. Operation of
switches or circuit breakers, a fault on a line
or circuit or on an adjacent circuit, and

similar activities may generate transient
overvoltages on an electrical system. Each
overvoltage has an associated transient
voltage wave shape. The wave shape arriving
at the site and its magnitude vary
considerably.

In developing requirements for minimum
approach distances, the Occupational Safety
and Health Administration considered the
most common wave shapes and the
magnitude of transient overvoltages found on
electric power generation, transmission, and
distribution systems. The equations in Table
R-3 for minimum approach distances use
per-unit maximurm transient overvoltages,
which are relative to the nominal maximum
voltage of the system. For example, a
maximum transient overvoltage value of 3.0
per unit indicates that the highest transient
overvoltage is 3.0 imes the nominal
maximum system voltage.

3. Typical magnitude of overvoltages.
Table 5 lists the magnitude of typical
transient overvoltages.

TABLE 5—MAGNITUDE OF TYPICAL TRANSIENT OVERVOLTAGES

Cause

Magnitude
(per unit)

Energized 200-mile line without ClOSING FESISIONS ...
Energized 200-mile line with one-step closing rasistor

Energized 200-mile line with multistep resistor

Reclosing with trapped charge one-step resistor ..
Opening surge with single restrike .....cuewnees

Fault initiation unfaulted phase ......
Fault initiation adjacent circuit

FAUIE CIBAMNG cvvvsvreereresrseessumaeassrnrsseseissossbs seseosese st e st nes a4 4082508 0808080108855 0E 248 £ £ LR L 403 030528 S

3.5
2.1
25
2.2
3.0
2:4
25
171019

4, Standard deviation—air-gap withstand.
For each air gap length under the same
atmospheric conditions, there is a statistical
variation in the breakdown voltage. The
probability of breakdown against voltage has
a normal (Gaussian) distribution. The
standard deviation of this distribution varies
with the wave shape, gap geometry, and
atmospheric conditions. The withstand
voltage of the air gap is three standard
deviations (36) below the critical sparkover
voltage. (The critical sparkover voltage is the
crest value of the impulse wave that, under
specified conditions, causes sparkover 50
percent of the time. An impulse wave of
three standard deviations below this value,
that is, the withstand voltage, has a
probability of sparkover of approximately 1
in 1,000.)

5. Broken Insulators. Tests show
reductions in the insulation strength of
insulator strings with broken skirts. Broken
units may lose up to 70 percent of their
withstand capacity. Because an employer
cannot determine the insulating capability of
a broken unit without testing it, the employer
must consider damaged units in an insulator
to have no insulating value. Additionally, the
presence of a live-line tool alongside an
insulatar string with broken units may
further reduce the overall insulating strength.
The number of good units that must be
present in a string for it to be “insulated” as
defined by §1910.269(x) depends on the

maximum overvoltage possible at the
worksite.

B. Minimum Approach Distances Based on
Known, Maximum-Anticipated Per-Unit
Transient Overvoltages

1. Determining the minimum approach
distance for AC systems. Under
§1910.269(1)(3)(ii), the employer must
determine the maximum anticipated per-unit
transient overvoltage, phase-to-ground,
through an engineering analysis or must
assume a maximum anticipated per-umit
transient avervoltage, phase-to-ground, in
accordance with Table R—9. When the
employer conducts an engineering analysis of
the system and determines that the maximum
transient overvoltage is lower than specified
by Table R—9, the employer must ensure that
any conditions assumed in the analysis, for
example, that employees block reclosing on
a circuit or install portable protective gaps,
are present during energized work. To ensure
that these conditions are present, the
employer may need to institute new live-
work procedures reflecting the conditions
and limitations set by the engineering
analysis.

2. Calculation of reduced approach
distance values. An employer may take the
following steps to reduce minimum approach
distances when the maximum transient
overvoltage on the system (that is, the
maximum transient overvoltage without
additional steps to control overvoltages)

produces unacceptably large minimum
approach distances:

Step 1. Determine the maximum voltage
(with respect to a given nominal voltage
range) for the energized part.

Step 2. Determine the technique to use to
control the maximum transient overvoltage.
(See paragraphs IV.C and IV.D of this
appendix.) Determine the maximum transient

- overvoltage that can exist at the worksite

with that form of control in place and with
a confidence level of 3a. This voltage is the
withstand voltage for the purpose of
calculating the appropriate minimum
approach distance.

Step 3. Direct employees to implement
procedures to ensure that the control
technique is in effect during the course of the
wark.

Step 4. Using the new value of transient
overvaltage in per unit, calculate the required
minimum approach distance from Table
R-3..

C. Methods of Controlling Possible Transient
Overvoliage Stress Found on a System

1. Introduction. There are several means of
controlling overvoltages that occur on
transmission systems. For example, the
employer can modify the operation of circuit
breakers or other switching devices to reduce
switching transient overvoltages.
Alternatively, the employer can hold the
overvoltage to an acceptable level by
installing surge arresters or portable
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protective gaps on the system. In addition,
the employer can change the transmission
system to minimize the effect of switching
operations. Section 4.8 of [EEE Std 516—-2009
describes various ways of controlling, and
thereby reducing, maximum transient
overvoltages.

2. Operation of circuit breakers.” The
maximum transient overvoltage that can
reach the worksite is often the result of
switching on the line on which employees
are working. Disabling automatic reclosing
during energized line work, so that the line
will not be reenergized after being opened for
any reason, limits the maximum switching
surge overvoltage to the larger of the opening
surge or the greatest possible fault-generated
surge, provided that the devices (for example,
insertion resistors) are operable and will
function to limit the transient overvoltage
and that circuit breaker restrikes do not
occur, The employer must ensure the proper
functioning of insertion resistors and other
overvoltage-limiting devices when the
employer's engineering analysis assumes
their proper operation to limit the
overvoltage level. If the employer cannot
disable the reclosing feature (because of
system operating conditions), other methods
of controlling the switching surge level may
be necessary.

Transient surges on an adjacent line,
particularly for double circuit construction,
may cause a significant overvoltage on the
line on which employees are working. The
employer’s engineering analysis must
account for coupling to adjacent lines.

3. Surge arresters. The use of modern surge
arresters allows a reduction in the basic
impulse-insulation levels of much
transmission system equipment. The primary
function of early arresters was to protect the
system insulation from the effects of
lightning. Modern arresters not only dissipate
lightning-caused transients, but may also
control many other system transients caused
by switching or faults.

The employer may use properly designed
arresters to control transient overvoltages
along a transmission line and thereby reduce
the requisite length of the insulator string
and possibly the maximum transient
overvoltage on the line.8

4. Switching Restrictions. Another form of
overvaltage control involves establishing
switching restrictions, whereby the employer
prohibits the operation of circuit breakers
until certain system conditions are present.
The employer restricts switching by using a
tagging system, similar to that used for a
permit, except that the common term used
for this activity is a *hold-off” or
“restriction.” These terms indicate that the
restriction does not prevent operation, but

7 The detailed design of a circuit interrupter, such
as the design of the contacts, resistor insertion, and
breaker timing control, are beyond the scope of this
appendix. The design of the system generally
accounts for these features. This appendix only
discusses features that can limit the maximum
switching transient overvoltage on a system.

8 Surge arrester application is beyond the scope
of this appendix. However, if the employer installs
the arrester near the work site, the application
would be similar to the protective gaps discussed
in paragraph IV.D of this appendix.

only modifies the operation during the live-
work activity,

D. Minimum Approach Distance Based on
Control of Maximum Transient Overvoltage
at the Worksite

When the employer institutes control of
maximum transient overvoltage at the
warksite by installing portable protective
gaps, the employer may calculate the
minimum approach distance as follows:

Step 1. Select the appropriate withstand
voltage for the protective gap based on
system requirements and an acceptable
probability of gap sparkover.®

Step 2. Determine a gap distance that
provides a withstand voltage 1° greater than
or equal to the one selected in the first step.11

Step 3. Use 110 percent of the gap’s critical
sparkover voltage to determine the phase-to-
ground peak voltage at gap sparkover
(Vepg pear).

Step 4. Determine the maximum transient
overvoltage, phase-to-ground, at the worksite
from the following formula:

_ VPrGreat

B VLuG\/E .

Step 5. Use this value of T12 in the
equation in Table R-3 to obtain the minimum
approach distance. If the worksite is no more
than 900 meters (3,000 feet) above sea level,
the employer may use this value of T to
determine the minimum approach distance
from Table 7 through Table 14.

Note: All rounding must be to the next
higher value (that is, always round up).

Sample protective gap calculations.

Problem: Employees are to perform waork
on a 500-kilovolt transmission line at sea
level that is subject to transient overvoltages
of 2.4 p.u. The maximum operating voltage
of the line is 550 kilovolts. Determine the
length of the protective gap that will provide
the minimum practical safe approach
distance. Also, determine what that
minimum approach distance is.

Step 1. Calculate the smallest practical
maximum transient overvoltage (1.25 times

the crest phase-to-ground voltage): 13

2 The employer should check the withstand
voltage to ensure that it results in a probability of
gap flashover that is acceptable from a system
outage perspective, (In other words, a gap sparkover
will produce a system outage. The employer should
determine whether such an outage will impact
overall system performance to an acceptable
degree.) In general, the withstand voltage should be
at least 1.25 times the maximum crest operating
voltage.

20 The manufacturer of the gap provides, based on
test data, the critical sparkover voltage for each gap
spacing (for example, a critical sparkover voltage of
665 kilavolts for a gap spacing of 1.2 meters). The
withstand voltage for the gap is equal to 85 percent
of its critical sparkover voltage.

11 Switch steps 1 and 2 if the length of the
protective gap is known.

12JEEE Std 516-2009 states that most employers
add 0.2 to the calculated value of T as an additional
safety factor.

13 To eliminate sparkovers due to minor system
disturbances, the employer should use a withstand
voltage no lower than 1.25 p.u. Note that thisisa
practical, or operational, consideration only. It may

be feasible for the employer ta use lower values of -

withstand voltage.

2

550kV x —=x1.25=561kV .

V3

This value equals the withstand voltage of
the protective gap.

Step 2. Using test data for a particular
protective gap, select a gap that has a critical
sparkover voltage greater than or equal to:
561kV + 0.85 = 660kV

For example, if a protective gap with a 1.22-
m (4.0-foot) spacing tested to a critical
sparkover voltage of 665 kilovolts (crest),
select this gap spacing.

Step 3. The phase-to-ground peak voltage
at gap sparkover (Vepg pear) is 110 percent of
the value from the previous step:

B65kV % 1.10 = 732kV

This value corresponds to the withstand
voltage of the electrical component of the
minimum approach distance.

Step 4. Use this voltage to determine the
worksite value of T:

Step 5. Use this value of T in the equation
in Table R-3 to obtain the minimum
approach distance, or look up the minimum
approach distance in Table 7 through Table
14:

MAD = 2.29m (7.6 ft).

E. Location of Protective Gaps

1. Adjacent structures. The employer may
install the protective gap on a structure
adjacent to the worksite, as this practice does
not significantly reduce the protection
afforded by the gap.

2. Terminal stations. Gaps installed at
terminal stations of lines or circuits provide
a level of protection; however, that level of
protection may not extend throughout the
length of the line to the worksite. The use of
substation terminal gaps raises the possibility
that separate surges could enter the line at
opposite ends, each with low enough
magnitude to pass the terminal gaps without
sparkover. When voltage surges occur
simultaneously at each end of a line and
travel toward each other, the total voltage on
the line at the point where they meet is the
arithmetic sum of the two surges. A gap
installed within 0.8 km (0.5 mile) of the
worksite will protect against such
intersecting waves. Engineering studies of a
particular line or system may indicate that
employers can adequately protect employees
by installing gaps at even more distant
locations. In any event, unless using the
default values for T from Table R—9, the
employer must determine T at the worksite,

3. Worksite. If the employer installs
protective gaps at the worksite, the gap
setting establishes the worksite impulse
insulation strength. Lightning strikes as far as
6 miles from the worksite can cause a voltage
surge greater than the gap withstand voltage,
and a gap sparkover can occur. In addition,
the gap can sparkover from overvoltages on
the line that exceed the withstand voltage of
the gap. Consequently, the employer must
protect employees from hazards resulting
from any sparkaver that could occur.
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F. Disabling automatic reclosing. There ate  damage than the injuries or damage produced However, due to system stability

two reasons to disable the automatic-
reclosing feature of circuit-interrupting
devices while employees are performing live-
line work:

¢ To prevent reenergization of a circuit
faulted during the work, which could create
a hazard or result in more serious injuries or

by the original fault;

TABLE 6—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015

o To prevent any transient overvoltage
caused by the switching surge that would
result if the circuit were reenergized.

considerations, it may not always be feasible

to disable the automatic-reclosing feature.

V. Minimum Approach-Distance Tables

A. Leguacy tables. Employers may use the
minimum approach distances in Table 6
through Table 13 until March 31, 2015.

Voltage range phase 1o phase Phase-to-ground exposure Phase-to-phase exposure
(k) m ft m ft

D D O S O o o TSRV Avoid Contact Avoid Contact

1.1t015.0 ... 2.10 0.64 2.20 0.66
15.1 to 36.0 . 2.30 0.72 2.80 0.77
36.1to 46.0 ..... 2.60 0.77 2.80 0.85
46,110 725 ... 3.00 0.90 3.50 1.05
72610 121 .. - 3.20 0.95 4.30 1.29
138 to 145 ... 3.60 1.09 4.90 1.50
TEIHD T cussvesssnumsisnmassnismmsmninamimsmssass s sermpyssmasess 4.00 1.22 5.70 1.71
Y T DL ooty oms cas s G TR N S R S 5.30 1.59 7.50 2.27
345 to 362 ... 8.50 2.59 12.50 3.80
500 to 550 ...ccoceeenens s 11.30 3.42 18.10 5.50
A o1 A P R 14.90 4.53 26.00 7.91

Note: The clear live-line tool distance must equal or exceed the values for the indicated voltage ranges.

TABLE 7—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—72.6 TO 121.0 KV WITH OVERVOLTAGE FACTCR

" Phase-to-ground exposure Phase-to-phase exposure
i

] m fit m ft
0.74 242 1.09 3.58
0.76 2.50 1.09 3.58
0.79 2.58 1.12 3.67
0.81 2,67 1.14 3.75
0.84 275 1.17 3.83
0.84 275 1.19 3.92
0.86 2.83 1.22 4.00
0.89 2.92 1.24 4.08
0.91 3.00 1.24 4.08
0.94 3.08 1.27 417
0.97 3.17 1.30 425

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum anticipated per-unit

transient overvoltage by engineering analysis. (Table 6 applies otherwise.}

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances.

- TABLE 8—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—121.1 TO 145.0 KV WITH OVERVOLTAGE FACTOR

. Phase-to-ground exposure Phase-to-phase exposure
.u.

(RF) m ft m ft

2.0 0.84 2.75 1.24 4,08
0.86 2.83 1.27 417
0.89 292 1.30 4.25
0.91 3.00 1.32 433
0.94 3.08 1.35 4.42
0.97 317 1.37 4.50
0.99 3.25 1.40 4.58
1.02 3.33 1.42 4.67
1.04 |- 3.42 145 475"
1.07 3.50 1.47 4.83
1.09 3.58 1.50 492

Note 1: The employer may apply the distance specified in this table only whers the employer determines the maximum anticipated per-unit

transient overvoltage by engineering analysis. (Table & applies otherwise.)

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances.
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TABLE 8—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—145.1 TO 169.0 KV WITH OVERVOLTAGE FACTOR

Phase-to-ground exposure Phase-to-phase exposure
T (p.u)
m ft m ft
L e AR 091 3.00 1.42 4.67
21 .. 0.97 3.17 1.45 4.75
2.2 u 0.99 3.25 1.47 4.83
23 1.02 3.33 1.50 4.92
24 .. 1.04 3.42 1.52 5.00
25 1.07 3.50 1.57 517
QUBT civvwsinavs o R R 1.12 3.67 1.60 5.25
BT s v R B K S A A SR T 1.14 3.75 1.63 5.33
2.8 .. 1147 3.83 1.65 5.42
2.9 .. 1.19 3.92 1.68 5.50
DB emvnnnnusunannsescrsseronvsnsemes o s R S S R O S 1.22 4.00 1.73 5.67

Note 1: The employer may apply the distance specified in this table onl

y where the employer determines the maximum anticipated per-unit
transient overvoltage by engineering analysis. (Table 6 applies otherwise.)

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances.

TABLE 10—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—169.1 TO 242.0 KV WITH OVERVOLTAGE FACTOR

Phase-to-ground exposure Phase-to-phase exposure
T (p.u.) & 7 - .
117 3.83 1.85 6.08
1.22 4.00 1.91 6.25
1.24 4.08 1.83 6.33
1.30 425 1.98 6.50
1.35 4.42 2.01 6.58
1.37 4.50 2.06 6.75
1.42 4.67 2.1 6.92
1.47 4.83 2.13 7.00
1.50 4.92 2.18 717
1.565 5.08 2.24 7.33
1.60 5.25 2.29 7.50

Note 1: The employer may apply the distance specified in this table only where the employer determines
transient overvoltage by engineering analysis. (Table 6 applies otherwise.)
Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances.

the maximum anticipated per-unit

TABLE 11—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—242.1 TO 362.0 KV WITH OVERVOLTAGE FACTOR

Phase-to-ground exposure Phase-to-phase exposure
Tiow) ft m fi
m
1.60 5.25 2.62 8.58
1.65 5.42 2.69 8.83
1.75 5.75 2.79 9.17
1.85 6.08 2.90 9.50
1.93 6.33 3.02 9.92
2.03 6.67 3.15 10.33
2.16 7.08 3.28 10.75
2.26 7.42 3.40 1117
2.36 7.75 3.53 11.58
2.49 8.17 3.68 12.08
2.59 8.50 3.81 12.50

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum anticipated per-unit
transient overvoltage by engineering analysis. (Table 6 applies otherwise.)

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances.

TABLE 12—MINIMUM APPROACH DISTANGES UNTIL MARCH 31, 2015—362.1 TO 552.0 KV WITH OVERVOLTAGE FACTOR

Phase-to-ground exposure Phase-to-phase exposure
Hpal m ft m ft
1.83 6.00 2.24 7.33
1.98 6.50 2.67 8.75
213 7.00 3.10 10.17
2.31 7.58 3.53 11.58
2.46 8.08 4.01 13.17
2.67 8.75 4.52 14.83




20674

Federal Register/Vol. 79, No. 70/ Friday, April 11, 2014 /Rules and Regulations

TABLE 12—MINIMUM APPROACH DISTANCES UNTIL MARCH 31, 2015—362.1 TO 552.0 KV WITH OVERVOLTAGE
Factor—Continued

Phase-to-ground exposure Phase-to-phase exposure
T (p.u)
m ft m ft
21 2.84 9.33 4.75 15.58
3.02 9.92 4.98 16.33
3.20 10.50 5.23 1717
3.43 11.25 5.51 18.08

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum anticipated per-unit

transient overvoltage by engineering analysis. (Table 6 applies otherwise.)

Note 2: The distances specified in this table are the air, bare-hand, and live-line tool distances.

TABLE 13—MINIMUM APPROACH DISTANCES UNTIL MARGH 31, 2015—552.1 TO 800.0 KV WITH OVERVOLTAGE FACTOR

Phase-to-ground exposure Phase-to-phase exposure
T (p.u.)
m ft m ft
15 2.95 9.67 3.68 12.08
16 « 3.25 10.67 4.42 14.50
157 @ 3.56 11.67 5.23 1717
1.8 « 3.86 12.67 6.07 19.92
1.9 .. 419 13.75 6.99 22.92
2.0 . 455 14.92 7.92 26.00

Note 1: The employer may apply the distance specified in this table only where the employer determines the maximum anticipated per-unit

transient overvoltage by engineering analysis. (Table 6 applies otherwise.)

Note 2: The distances specified in this table are the air, bare-hand, and live-line tocl distances.

B. Alternative minimum approach
distances. Employers may use the minimum
approach distances in Table 14 through Table

notes to those tables.

TABLE 14—AC MINIMUM APPROACH DISTANCES—72.6 TO 121.0 KV

21 provided that the employer follows the

Phase-to-ground exposure

Phase-to-phase exposure

T (p.u.)
m ft m ft
067 2.2 0.84 2.8
0.69 2.3 0.87 29
0.71 2.3 0.90 3.0
0.74 2.4 0.93 3.1
0.76 2.5 0.96 3.1
0.78 2.6 0.98 3.2
0.81 27 1.01 3.3
0.83 2 1.04 3.4
085 2.8 1.07 3.5
0.88 2.9 1.10 3.6
0.90 3.0 1.13 297
0.92 3.0 1.16 3.8
0.95 3.1 1.19 3.9
0.97 3.2 1.22 4.0
0.99 3.2 1.24 4.1
1.02 3.3 1.27 4.2
1.04 3.4 1.30- 4.3
1.06 3.5 1.33 44
1.09 3.6 1.36 45
1.11 3.6 1.39 46
113 3.7 1.42 47
TABLE 15—AC MINIMUM APPROACH DISTANCES—121.1 TO 145.0 KV
Phase-to-ground exposure Phase-to-phase exposure
T (p.u)
m ft m ft
15 0.74 24 0.95 3.1
16 . 076 2.5 0.98 3.2
1.7 .. 079 2.6 1.02 3.3

ey
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TABLE 15—AC MINIMUM APPROACH DISTANCES—121.1 TO 145.0 kKV—Continued

. ) Phase-to-ground exposure Phase-to-phase exposure
AL
i m ft m ft
0.82 2.7 1.05 3.4
0.85 2.8 1.08 3.5
0.88 2.9 112 3.7
0.90 3.0 115 3.8
0.93 3.1 1.19 3.9
0.96 3.1 1.22 4.0
0.99 3.2 1.26 4.1
1.02 3.3 1.29 4.2
1.04 34 1.33 44
1.07 35 1.36 45
1.10 3.6 1.39 4.6
113 3.7 1.43 4.7
1.16 3.8 1.46 4.8
1.19 3.9 1.50 4.9
1.21 4.0 1.53 5.0
1.24 4.1 1.57 52
1.27 4.2 1.60 52
1.30 4.3 1.64 54
TABLE 16—AC MINIMUM APPROACH DISTANCES—145.1 TO 169.0 KV
Phase-to-ground exposure Phase-to-phase exposure
T (p.u.)
m ft m fit
0.81 27 1.05 3.4
0.84 2.8 1.09 3.6
0.87 2.9 1.13 3.7
0.0 3.0 117 3.8
0.94 3.1 1.21 4.0
0.97 3.2 1.25 41
1.00 3.3 1.29 4.2
1.03 3.4 1.33 4.4
1.07 3.5 1.37 45
1.10 3.6 1.41 46
1.13 3.7 1.45 4.8
117 3.8 1.49 4.9
1.20 3.9 1.53 5.0
1.23 4.0 157 5.2
1.26 41 1.61 5.3
1.30 4.3 1.65 5.4
1.33 44 1.70 5.6
1.36 45 1.76 58
1.39 46 1.82 6.0
1.43 4.7 1.88 6.2
1.46 48 1.94 6.4
TABLE 17—AC MINIMUM APPROACH DISTANCES—169.1 TO 242.0 KV
Phase-to-ground exposure Phase-to-phase exposure
T(pu)
m ft m ft
1.02 3.3 1.37 45
1.06 35 143 47
1.11 36 1.48 4.9
1.16 3.8 1.54 51
1.21 4.0 1.60 5.2
1.25 41 1.66 5.4
1.30 43 1.73 5.7
1.35 4.4 1.81 5.8
1.39 4.6 1.80 6.2
1.44 4.7 1.99 6.5
1.49 4.9 2.08 6.8
1.53 5.0 2147 74
1.58 52 2,26 7.4
1.63 53 2.36 7.7
1.67 558 245 8.0
1.72 5.6 2.55 8.4
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TABLE 17—AC MINIMUM APPROACH DISTANCES—169.1 TO 242.0 KV—Continued

T (p.u.)

Phase-to-ground exposure

Phase-to-phase exposure

m

ft

m

ft

1.77
1.81
1.88
1.95
2.01

5.8
5.9
6.2
6.4
6.6

2.65
2.76
2.86
2.97
3.08

8.7
9.1
9.4
97

. 101

TABLE 18—AC MINIMUM APPROACH DISTANCES—242.1 TO 362.0 KV

T (p.u.)

Phase-to-ground exposure

Phase-to-phase exposure

m

ft

m

ft

1.37
1.44
1.51
1.58
1.65
172
1.79
1.87
1.97
2,08
2.19
2.29
2.41
252
2.64
2.76
2.88
3.01
3.14
3.27
3.4

4.5
4.7
5.0
5.2
5.4
5.6
5.9
6.1
6.5
6.8
7.2
7.5
7.9
8.3
8.7
8.1
8.4
9.9
10.3
10.7
1.2

1.89
2.13
2.27
2.41
2.56
2.7
2.87
3.03
3.20
3.37
3.55
3.73
3.91
4.10
4.29
4.49
4.69
4.90
511
5.32
5.52

6.5
7.0
7.4
7.9
8.4
8.9
9.4
9.9
10.5
1.1
11.6
12.2
12.8
13.5
14.1
14.7
15.4
16.1
186.8
17.5
18.1

TABLE 19—AC MINIMUM APPROACH DiSTANCES—362f[ TO 420.0 KV

T {p.u.)

Phase-to-ground exposure '

Phase-to-phase exposure

m

ft

m

ft

1.53
162
1.70
1.78
1.88
1.99
212
2.24
2.37
2.50
2.64
278
293
3.07
3.23
3.38
355
372
3.89
4.07
425

5.0
5.3
5.6
5.8
6.2

7.0
7.3
7.8
8.2
8.7
941
9.6
10.1
10.6
114
11.6
12.2
12.8
13.4
13.9

2.40
2.58
2.75
2.94
3.13
3.33
3.53
3.74
3.95
417
4.40
4.63
4.87
511
5.36
5.59
5.82
6.07
6.31
6.56
6.81

7.9~

85
9.0

10.3
10.9
11.8
12.3
13.0
13.7
14.4
15.2
16.0
16.8
17.6
18.3
19.1
19.9
20.7
21.5
22.3

YR
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TABLE 20—AC MINIMUM APPROACH DISTANCES—420.1 TO 550.0 KV

Phase-to-ground exposure

Phase-to-phase exposure

T o) m ft m ft
1.95 6.4 3.46 1.4
2.1 6.9 3.73 12.2
2.28 T-5 4.02 13.2
2.45 8.0 4.3 141
2.62 8.6 4.61 15.1
2.81 9.2 4.92 16.1
3.00 9.8 5.25 17.2
3.20 10.5 550 18.2
3.40 11.2 5.86 19.2
3.62 11.9 6.18 20.3
3.84 12.6 6.50 21.3
4.07 13.4 6.83 224
4.31 141 7.18 23.6
4.56 15.0 7.52 24.7
4.81 15.8 7.88 259
5.07 16.6 8.24 27.0

TABLE 21—AC MINIMUM APPROACH DISTANCES—550.1 TO 800.0 KV

Phase-to-ground exposure

Phase-to-phase exposure

T (p.u.) - 3 o Z
3.16 10.4 5.97 19.6
3.46 11.4 6.43 21.1
3.78 12.4 6.92 22.7
412 13.5 7.42 24.3
4.47 14.7 7.93 26.0
4.83 15.8 8.47 27.8
5.21 171 9.02 29.6
5.61 18.4 9.58 314
6.02 19.8 10.16 33.3
6.44 211 10.76 35.3
6.88 22.6 11.38 37.3

Notes to Table 14 through Table 21:

1. The employer must determine the maximum anticipated per-unit transient overvoltage, phase-

2. For phase-to-phase exposures, the emplo

in the gap.

3. The worksite must be at an elevation of 900 meters (3,000 feet) or less above sea level.

Appendix C to §1910.269—Protection
From Hazardous Differences in Electric
Potential

1. Introduction

Current passing through an impedance
impresses voltage across that impedance.
Even conductors have some, albeit low, value
of impedance. Therefors, if a “grounded’ 14
object, such as a crane or deenergized and
grounded power line, results in a ground
fault on a power line, voltage is impressed on
that grounded object. The voltage impressed
on the grounded object depends largely on
the voltage on the line, on the impedance of
the faulted conductor, and on the impedance
to “true,” or “absolute,” ground represented
by the object. If the impedance of the object
causing the fault is relatively large, the
voltage impressed on the object is essentially

14 This appendix generally uses the term
“grounded’ only with respect to grounding that the
emplayer intentionally installs, for example, the
grounding an employer installs on a deenergized

the phase-to-ground system voltags.
However, even faults to grounded power
lines or to well grounded transmission
towers or substation structures (which have
relatively low values of impedance to
ground) can result in hazardous voltages.15 In
all cases, the degree of the hazard depends
on the magnitude of the current through the
employee and the time of exposure. This
appendix discusses methods of protecting
workers against the possibility that grounded
objects, such as cranes and other mechanical
equipment, will contact energized power
lines and that deenergized and grounded
power lines will become accidentally
energized.

IL. Voltage-Gradient Distribution

A. Voltage-gradient distribution curve.
Absolute, or true, ground serves as a

conductor. However, in this case, the term
“grounded” means connected to earth, regardless of
whether or not that connection is intentional.

to-ground, through an engineering analysis, as
required by § 1910.269()(3)(ii), or assume a maximum anticipated per-unit transient overvoltage, phase-to-ground, in accordance with Table R—-9.

yer must demonstrate that no insulated tool spans the gap and that no large conductive object is

“ reference and always has a voltage of 0 volts

above ground potential. Because there is an
impedance between a grounding electrade

and absolute ground, there will be a voltage
difference between the grounding electrode

and absolute ground under ground-fault

conditions. Voltage dissipates from the
grounding electrode (or from the grounding
point) and creates a ground potential

gradient. The voltage decreases rapidly with
increasing distance from the grounding
electrode. A voltage drop associated with this
dissipation of voltage is a ground potential.
Figure 1 is a typical voltage-gradient
distribution curve (assuming a uniform soil
texture).

BILLING CODE 4510-26-P

15 Thus, grounding systems for transmission
towers and substation structures should be
designed to minimize the step and touch potentials
invelved.
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Figure 1—Typical Voltage-Gradient Distribution Curve

B. Step and touch potentials. Figure 1 also
shows that workers are at risk from step and
touch potentials. Step potential is the voltage
between the feet of a person standing near an
energized grounded object (the electrode). In

Figure 1, the step potential is equal to the
difference in voltage between two points at
different distances from the electrode (where
the points represent the location of each foot
in relation to the electrode). A person could

be at risk of injury during a fault simply by
standing near the object.

Touch potential is the voltage between the
energized grounded object (again, the
electrode) and the feet of a person in contact

P
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