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1 Purpose

The purpose of these requirements is to ensure electrical energy hazards for different applications are
understood and incorporated into hazard controls.

They cover hazard thresholds for electrical energy, both general and application specific (batteries, research
and development laboratories, capacitors, laser, and electromagnets).

They apply to workers, supervisors, designers/engineers, and equipment owners.

2 Requirements

There are a variety of hazard thresholds associated with electrically powered equipment including shock,
thermal, arc flash, acoustic, and kinetic hazards. Different types of equipment, and differing frequencies
and time structures of electrical power, introduce distinct hazards and as such have different voltage,
current, stored energy, and thermal hazard thresholds.

Energy at and above these thresholds is considered hazardous: work must be planned and executed
accordingly.

The National Fire Protection Association (NFPA) has developed the “Standard for Electrical Safety in the
Workplace” (NFPA 70E). Chapter 3 has code-based energy thresholds by energy source.

This document summarizes NFPA 70E, providing an introduction to the thresholds by application.

Note SLAC currently uses the 2024-year version. This version is a minor update to the 2021-year
version which, among other changes, includes provisions that help SLAC comply with OSHA
(29 CFR 1910, Subpart S and 29 CFR 1926, Subpart K) requirements.

Engineers and designers of specialized systems need to obtain and use a copy of the current adopted
version of NFPA 70E. (See Table 2, “Codes and Standards Adopted by SLAC”, for a complete list of
current adopted codes.)
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2.1 General Thresholds

The following thresholds have been historically applied at SLAC and provide a good foundation for work
planning and control:

= 50 volts at greater than 5 milliamperes
= 10 joules of stored energy

= 1,000 watts of available power

These thresholds have been refined. NFPA 70E now

= Retains 50 volts AC and DC as a general voltage limit, with allowances to raise the hazard voltage
threshold to 100 volts for most DC applications

=  Has changed the limit for stored energy from a fixed threshold to a voltage-dependent threshold with
hazard thresholds of 100/1.0/0.25 joules for voltages up to 100/400/beyond 400 volts

= Left the 1,000-watt power threshold unchanged

2.2 Application-specific Thresholds

The following is a summary of application-specific thresholds.

NFPA 70E, Chapter 3 covers special electrical equipment in the workplace and modifies the general
requirements of Chapter 1. In addition, NFPA 70E’s informational annexes provide a more comprehensive
description of the hazard thresholds and provide additional engineering and administrative guidance on
their management.

Some application-specific thresholds are developed by SLAC or are guided by the latest version of the
DOE handbook for electrical safety (DOE-HDBK-1092).

Note The DOE handbook is under revision and must only be used as guidance as the code
requirements have in some cases changed since its publication.

The following application-specific thresholds are based on powers and voltages that may result in injury to
the worker. In many cases, engineering controls should be applied to protect workers from these exposures
as the startle reaction may result in non-electrical hazards to the worker.

2.21 Batteries

The thresholds for battery arrays are based on NFPA 70E, with additional guidance from the IEEE
Electrical Safety Workshop.

References NFPA 70E, Articles 310 and 320 and Informational Annexes D and K
= AC: 50 volts and 5 milliamperes
= DC: 100 volts and 40 milliamperes

= Thermal: 1,000 watts short-circuit power
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New installations require a disconnecting means for all ungrounded conductors derived from a stationary
standby battery with a voltage over 60 volts DC. The disconnecting means must be readily accessible and
located within sight of the stationary standby battery. (NPFA 70, Article 480.7)

Battery circuits exceeding 240 volts DC nominal between conductors or to ground and subject to field
servicing must have provisions to disconnect the series-connected strings into segments not exceeding 240
volts DC nominal for maintenance by qualified persons. Non-load-break-bolted or plug-in disconnects must
be permitted. (NPFA 70, Article 480.7)

Batteries generally cannot be discharged to be rendered electrically safe. All work on battery systems
exceeding the above thresholds may only be done by electrical workers and requires an energized electrical
work permit (EEWP). (See Electrical Safey Manual, Section 10.4.)

Note Available short-circuit power is calculated by multiplying the battery’s nominal voltage by its
available short-circuit current at the battery terminals then dividing the result by two.

The arc flash calculations in the informational annex are extremely conservative for DC
sources. The engineering guidance is an active area of study. Generally speaking, arc flash
capable of worker injury is unlikely below 150 volts and progresses in intensity somewhat
linearly from zero exposure at 150 volts to the NFPA 70E calculated incident energy at 450
volts and above.

For batteries associated with universal power supplies (UPSs) and similar applications, the
guidance from IEEE electrical safety instructors, consistent with options in NFPA 70, is to
place priority on segmenting higher voltage batteries into sections of 100 volts or below
before working on individual batteries in the storage unit.

2.2.2 Research and Development Laboratories

The requirements of this section apply to the electrical installations in areas with custom or special
electrical equipment, designated by the facility management for research and development (R&D) or as
laboratories.

References NFPA 70E, Articles 340 and 350 and Informational Annexes K and R; DOE-HDBK-1092,
Appendix D

AC (60/50 Hz): 50 volts and 5 milliamperes

AC (1 Hz to 3 kHz): 50 volts and 3 milliamperes

DC: >= 100 volts and >= 40 milliamperes
= Available power (AC/DC) > 1 kilowatt

See Chapter 50, “RF and Microwave Safety”, and IEEE Standard C95.1 for

=  Magnetic and free space transmission at any frequency

=  Electrical (shock) exposure at 3 kHz and higher
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Note DC includes power systems operating at frequencies up to 1 hertz.

The available power is the maximum output voltage times the maximum output current unless
the manufacturer specifications identify a lower maximum available power.

These thresholds apply largely to continuous voltage and current. Applications with pulsed
power supplies may find the that analyzing the output power hazard calculations for
capacitors more appropriate.

2.2.3 Capacitors

This section identifies hazards associated with capacitors and capacitor banks. These thresholds may be
used for pulsed power supplies under engineering guidance where appropriate.

References NFPA 70E, Article 360 and Informational Annex R

= Less than 100 volts greater than 100 joules

= Greater than or equal to 100 volts and greater than 1 joule

= QGreater than or equal to 400 volts and greater than 0.25 joules

Refer to NFPA 70E, Informational Annex R regarding methods and protection required for discharging or
safeing capacitor systems operating at voltage/energy levels exceeding these values.

Important Capacitors exceeding 1 kilojoule require soft grounding before application of hard grounds.
Systems exceeding 100 kilojoules require specialized hazard analysis and engineering
controls to address arc blast, acoustic (eardrum and lung collapse), and kinetic (projectile)
hazards. Engineers working on high energy capacitor systems must use NFPA 70E and
consult with the electrical safety officer.

224 Lasers

Where lasers or laser systems have accessible voltages greater than 50 volts, the requirements and hazard
thresholds identified for Research and Development Laboratories and Capacitors both apply.

The following additional requirements also apply:

= Flashlamp pumped laser systems typically require the development of a dedicated equipment-specific
lockout procedure (ELP) for both disconnecting drive cables and replacement of flashlamps. (See
(Chapter 51, “Control of Hazardous Energy”.)

= Small helium neon laser power supplies may fall under the hazard thresholds identified above. Laser
heads using power supplies exceeding hazardous voltage current thresholds need to be explicitly
grounded, be adequately covered, require a tool to remove, and be posted as an electrical hazard.

= Pockels cells and other similar electro-optical modulators should be protected to avoid startle hazards.
Devices with power sources exceeding hazardous energy thresholds must be adequately covered,
requiring a tool to remove, and be posted as an electrical hazard.

= Laser tables must be connected to a good electrical ground with a conductor capable of handling any
potential fault current. The grounding requirement includes the permanently installed protective
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covers. The grounding conductor must be no smaller than 10 AWG bare, green, or yellow/green
insulated conductor. (See Electrical Safey Manual, Section 8.2.)

2.2.5 Electromagnets

Superconducting magnets can present unique hazards to equipment and personnel due to their large stored
energy and low (often near-zero) intrinsic energy loss. Magnets, magnet power supplies, and the
interconnecting lead installation must be reviewed and have a documented engineering hazard analysis.

Normal magnets such as typically found in accelerator beam line systems where the electrical and
electrified cooling connections are accessible present unique hazards to the laboratory. They

= May be powered by a supply capable of delivering thermal energy to a tool, ring, or other component
which may be shorting exposed conductors

= May generate voltage pulses upon the removal of an object shorting a portion of the magnets current
path

SLAC has established the hazardous energy threshold for electromagnets as

= Supply power greater than 1 kilowatt

= 10 joules energy stored as magnetic field

Electromagnets require a post-installation inspection by a SLAC Electrical Equipment Inspection Program
(EEIP) inspector before energization.

Magnet cores must be grounded to a good electrical ground with a conductor capable of handling any
potential fault current. (See Electrical Safey Manual, Section 8.10.) Where equipped, credit for a ground
fault interlock may be considered in calculating available ground fault current. The grounding conductor
should be no smaller than a 10-AWG bare, green, or yellow/green insulated conductor where practical.

For some quadrupole magnets it has been shown by analysis that the magnet terminals are not hazardous
when connected to and energized from their power supply. For these magnets an electrical hazard exists
only when power supply cables are disconnected from the magnet terminals.

To control the hazard, disconnection of the power supply cables from the magnet terminals must be
performed under lockout/tagout. Contact the electrical safety officer for additional information on
quadrupole magnet hazard analysis.

Note Exposure to current pulses as small as 0.25 joule may result in a hazardous startle reaction.
The available power is the magnet lead voltage times the maximum output current unless the
power supply manufacturer specifications identify a lower maximum available power. The

supply cable voltage drop may be considered when calculating maximum power.

Inductors are not currently addressed in NFPA 70E. Further information can be obtained from
the electrical safety officer and the DOE handbook for electrical safety (DOE-HDBK-1092).

14 March 2025 SLAC-I-730-0A11S-007-R000 5of6


https://www-group.slac.stanford.edu/esh/eshmanual/references/electricalManual.pdf
https://www-group.slac.stanford.edu/esh/eshmanual/references/electricalManual.pdf
https://www.standards.doe.gov/standards-documents/1000/1092-BHdbk-2013

SLAC National Accelerator Laboratory
Environment, Safety & Health Division
Electrical Safety | Hazardous Energy Thresholds

3 Forms

The following forms and systems are required by these requirements:

= None

4 Recordkeeping

The following recordkeeping requirements apply for these requirements:

=  None

5 References

SLAC Environment, Safety, and Health Manual (SLAC-1-720-0A29Z-001)
=  Chapter 8, “Electrical Safety”
—  Electrical Safey Manual (SLAC-1-730-0A11A-002)

—  Electrical Safety Program Site (SharePoint)

= Chapter 50, “RF and Microwave Safety”

= Chapter 51, “Control of Hazardous Energy”

Other SLAC Documents

= Table 2, “Codes and Standards Adopted by SLAC” (excerpted from the BIO Project Review and
Authorization Manual [SLAC-1-730-2A24Z-001])

Other Documents
= National Fire Protection Association (NFPA) 70, National Electrical Code (NEC) (NFPA 70)

=  National Fire Protection Association (NFPA) 70E, “Standard for Electrical Safety in the Workplace”
(NFPA 70E)

= Department of Energy Handbook 1092, “Electrical Safety” (DOE-HDBK-1092)

= [Institute of Electrical and Electronics Engineers (IEEE) Standard C95.1, “IEEE Standard for Safety
Levels with Respect to Human Exposure to Electric, Magnetic, and Electromagnetic Fields, 0 kHz to
300 GHz” (IEEE Std C95.1)

= [EEE Electrical Safety Workshop
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