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Preface

This preface is included for informational purposes and is not part of ANSI/ISA-RP12.6.

This recommended practice has been prepared as part of the service of ISA toward a goal of
uniformity in the field of instrumentation. To be of real value, this document should not be static,
but should be subject to periodic review. Toward this end, the Society welcomes all comments
and criticisms, and asks that they be addressed to the Secretary, Standards and Practices
Board, ISA, 67 Alexander Drive, P. O. Box 12277, Research Triangle Park, NC 27709,
Telephone (919) 990-9228, e-mail: standards@isa.org.

The ISA Standards and Practices Department is aware of the growing need for attention to the
metric system of units in general, and the International System of Units (SI) in particular, in the
preparation of instrumentation standards. The Department is further aware of the benefits to
U.S.A. users of ISA standards of incorporating suitable references to the Sl (and the metric
system) in their business and professional dealings with other countries. Toward this end, this
Department will endeavor to introduce Sl-acceptable metric units in all new and revised
standards to the greatest extent possible. The Metric Practice Guide, which has been published
by the Institute of Electrical and Electronics Engineers as ANSI/IEEE Std. 268-1982, and future
revisions, will be the reference guide for definitions, symbols, abbreviations, and conversion
factors.

It is the policy of ISA to encourage and welcome the participation of all concerned individuals and
interests in the development of ISA standards. Participation in the ISA standards-making
process by an individual in no way constitutes endorsement by the employer of that individual, of
the ISA, or of any of the standards that ISA develops.

The information contained in the preface, footnotes, and appendices is included for information
only and is not a part of the recommended practice.
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1 Purpose

1.1* Thisrecommended practice is intended to promote the uniform installation of intrinsically safe
systems for hazardous (classified) locations. Information is provided to clarify and explain the
requirements of Article 504 of the National Electrical Code ® (NEC ®).

1.2 This recommended practice applies to the installation of intrinsically safe systems for use in
hazardous (classified) locations.

2 Scope

2.1 This recommended practice provides guidance to those who design, install, and maintain
intrinsically safe systems for hazardous (classified) locations.

2.2 This recommended practice should be used in conjunction with nationally recognized codes
that cover wiring practices — such as the National Electrical Code ® (NEC ®), ANSI/NFPA 70; and
the Canadian Electrical Code (CEC) Part I, CSA C22.1.

2.3 This recommended practice is not intended to:

a) include guidance for designing, testing, or repairing intrinsically safe or associated
apparatus, or

b) apply to the use of portable equipment, except as shown on the control drawing.

3 Definitions

For purposes of this recommended practice, the following definitions apply:
3.1 approved: Acceptable to the authority having jurisdiction (NEC ®).
3.2 associated apparatus: (See Clause 4.)

3.3 authority having jurisdiction: The organization, office, or individual that has the responsibility
and authority for approving equipment, installations, or procedures.

3.4 channel: An ungrounded conductor in a grounded intrinsically safe circuit, or a conductor
and its reference in a galvanically isolated intrinsically safe circuit.

* Further information may be found in Annex A. Documents
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3.5 control drawing: (See Clause 4.)

3.6 corrective maintenance: Any maintenance activity that is not normal in the operation of
equipment and requires access to the equipment's interior. Such activities are expected to be
performed by qualified personnel who are aware of the hazards involved. Such activities typically
include locating causes of faulty performance, replacement of defective components,* adjustment
of internal controls, and the like. Corrective maintenance is referred to simply as maintenance in
Clause 6.

3.7 different intrinsically safe circuits: (See Clause 4.)

3.8 entity evaluation: A method used to determine acceptable combinations of intrinsically safe
apparatus and connected associated apparatus that have not been investigated in such combina-
tion.

3.8.1 Entity parameters for intrinsically safe apparatus:

Ci: The total equivalent internal capacitance that must be considered as appearing
across the terminals of the intrinsically safe apparatus.

Imax: The maximum dc or peak ac current that can be safely applied to the terminals of
the intrinsically safe apparatus. The maximum input current may be different for
different terminals.

Li: The total equivalent internal inductance that must be considered as appearing
across the terminals of the intrinsically safe apparatus.

Vmax.  The maximum dc or peak ac voltage that can be safely applied to the terminals
of the intrinsically safe apparatus. The maximum input voltage may be different
for different terminals.

3.8.2 Entity parameters for associated apparatus

Cy The maximum value of capacitance that may be connected to the intrinsically
safe circuit of the associated apparatus.

lsc: The maximum dc or peak ac current that may be drawn from the intrinsically safe
connections of the associated apparatus.

La: The maximum value of inductance that may be connected to the intrinsically safe
circuit of the associated apparatus.

Voc: The maximum dc or peak ac open circuit voltage that can appear across the
intrinsically safe connections of the associated apparatus.

3.8.3 Additional entity parameters for associated apparatus with multiple channels may include

the following:
l: The maximum dc or peak ac current that can be drawn from any combination of
terminals of a multiple-channel associated apparatus configuration.
Vi The maximum dc or peak ac open circuit voltage that can appear across any
combination of terminals of a multiple-channel associated apparatus
configuration.

*See Clause 6.2.1 Documents
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3.9 galvanic isolation: The transfer of electrical power or signal from one circuit to another by
means that do not include a direct electrical connection — e.g., through an isolating transformer
or optical coupler.

3.10 hazardous (classified) location: A location where fire or explosion hazards may exist due to
the presence of flammable gases or vapors, flammable liquids, combustible dust, or easily ignitible
fibers or flyings.

3.11 intrinsic safety: A type of protection in which a portion of the electrical system contains only
intrinsically safe equipment (apparatus, circuits, and wiring) that is incapable of causing ignition in
the surrounding atmosphere. No single device or wiring is intrinsically safe by itself (except for
battery-operated self-contained apparatus such as portable pagers, transceivers, gas detectors,
etc., which are specifically designed as intrinsically safe self-contained devices) but is intrinsically
safe only when employed in a properly designed intrinsically safe system. This type of protection
is referred to by the International Electrotechnical Commission (IEC) as "Exi." Also see "associated
equipment (apparatus).”

3.12 intrinsic safety barrier: A network designed to limit the energy (voltage and current) available
to the protected circuit in the hazardous (classified) location, under specified fault conditions.

3.13 intrinsic safety ground system: A grounding system that has a dedicated conductor isolated
from the power system, except at one point, so that ground currents will not normally flow and is
reliably connected to a grounding electrode in accordance with Article 250 of the NEC® or Section
10 of CEC Part I, CSA C22.1.

3.14 intrinsically safe apparatus: (See Clause 4.)
3.15 intrinsically safe circuit: (See Clause 4.)
3.16 intrinsically safe systems: (See Clause 4.)

3.17 labeled: Equipment or materials to which has been attached a label, symbol, or other
identifying mark of an organization acceptable to the authority having jurisdiction and concerned
with product evaluation, that maintains periodic inspection of production of labeled equipment or
materials, and by whose labeling the manufacturer indicates compliance with appropriate stan-
dards or performance in a specified manner. (See NEC® reference.)

3.18 listed: Equipment or materials included in a list published by an organization acceptable to
the authority having jurisdiction and concerned with product evaluation, that maintains periodic
inspection of production of listed equipment or materials, and by whose listing states that the
equipment or material meets appropriate designated standards or has been tested and found
suitable for use in a specified manner. (See NEC® reference.)

3.19 nonhazardous location: A location not designated as hazardous (classified). The term
"unclassified location" is also used in the NEC® .

3.20 qualified person: One familiar with the construction and operation of the equipment and the
hazards involved. (See NEC® reference.)

3.21 simple apparatus: A device that will neither generate nor store more than 1.2V, 0.1 A, 25
mW, or 20 pJ; for example: switches, thermocouples, light-emitting diodes, connectors, and re-
sistance temperature devices (RTDs).
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3.22 wiring drawing: A drawing or other document created by the user based upon the relevant
control drawings. The wiring drawing is used by the installer to determine the type, color, and size
of the wire used to connect each terminal of the equipment used in the intrinsically safe circuit.

4 Article 504 of the NEC (ANSI/NFPA 70-1993) with explanation

NOTE: Throughout Clause 4, text that has been excerpted from the Nationa

Electrical Code®(NEC®) is distinguished from the main
body of text as follows:

« NEC® Article 504 text is shaded and indented at the left and right
margins.

« Other excerpted NEC® text (such as articles on sealing) is
shaded but not indented.

Text from the National Electrical Code® (NEC®) IS reprinted with permissio

from NFPA 70-1993, the National Electrical Code®, Copyright” 1992,
National Fire Protection Association, Quincy, MA 02269.

National Electrical Code® and NEC® are registered trademarks of
the National Fire Protection Association, Inc., Quincy, MA 02269.

504-1. Scope. This article covers the installation of intrinsically safe (I.S.) appa-
ratus, wiring, and systems for Class I, Il, and Il locations.

(FPN): For further information, see installation of Intrinsically Safe Instru-
ment Systems in Class | Hazardous Locations, ANSI/ISA RP12.6-1987.

Prior to publication of the 1990 NECY, ANSI/ISA-RP12.6, Installation of Intrinsically Safe
Systems for Hazardous (Classified) Locations, was the recommended practice for the installation
of intrinsically safe systems. The ISA SP12 committee proposed the addition of Article 504 to
provide a more enforceable set of requirements for inspection authorities.
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504-2. Definitions. For the purpose of this article:

Associated Apparatus: Apparatus in which the circuits are not necessarily
intrinsically safe themselves, but that affect the energy in the intrinsically safe
circuits and are relied upon to maintain intrinsic safety. Associated apparatus
may be either:

1. electrical apparatus that has an alternative type of protection for use in
the appropriate hazardous (classified) location, or

2. electrical apparatus not so protected that shall not be used within a haz-
ardous (classified) location.

(FPN): Associated apparatus has identified intrinsically safe connections for
intrinsically safe apparatus and also may have connections for nonintrinsically
safe apparatus.

Intrinsic safety barriers are a common form of associated apparatus. These barriers are
connected between the intrinsically safe apparatus and the control equipment. Their primary
purpose is to limit the energy to the hazardous location under fault conditions. They may also
provide isolation, signal conditioning, or both. There are also many types of associated
apparatus that normally are not referred to as intrinsic safety barriers, but have energy-limiting
circuits suitable for connection directly to intrinsically safe apparatus. An example of this type of
associated apparatus is a controller that is not itself intrinsically safe, but has connections for
intrinsically safe sensors.

Control Drawing: A drawing or other document provided by the manufac-
turer of the intrinsically safe or associated apparatus that details the allowed
interconnections between the intrinsically safe and associated apparatus.

Different Intrinsically Safe Circuits: Different intrinsically safe circuits are
intrinsically safe circuits in which the possible interconnections have not been
evaluated and approved as intrinsically safe.

Intrinsically Safe Apparatus: Apparatus in which all the circuits are intrinsi-
cally safe.

Intrinsically Safe Circuit: A circuit in which any spark or thermal effect is
incapable of causing ignition of a mixture of flammable or combustible material
in air under prescribed test conditions.

(FPN): Test conditions are described in Standard for Safety, Intrinsically
Safe Apparatus and Associated Apparatus for Use in Class I, Il, and Ill, Division
1, Hazardous (Classified) Locations, ANSI/UL 913-1988.
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Intrinsically Safe System: An assembly of interconnected intrinsically safe
apparatus, associated apparatus, and interconnecting cables in that those parts
of the system that may be used in hazardous (classified) locations are intrinsi-
cally safe circuits.

(FPN): An intrinsically safe system may include more than one intrinsically
safe circuit.

504-3. Application of Other Articles. Except as modified by this article, all
applicable articles of this Code shall apply.

Although intrinsically safe circuits are inherently low energy circuits, they may still be shock
hazards because of the operating voltage.

Clause 500-2 provides an exception for intrinsically safe apparatus and wiring from the
requirements of Articles 501 through 503 and 510 through 516. All other articles of the Code
apply to intrinsically safe wiring, except as exempted by specific articles.

If the rated voltage of the circuit exceeds 60 volts dc or 30 volts ac, the wiring requirements for
Class 3 circuits apply. (See NEC® Article 725.)

Other articles may apply, depending on the functional application — e.g., Article 760 for fire
protective signaling systems, Article 800 for communications circuits, and Clause 725-49 for
cables installed in ducts, plenums, risers, and other air-handling spaces.

504-4. Equipment Approval. All intrinsically safe apparatus and associated
apparatus shall be approved.

Electrical equipment that is listed or labeled by a nationally recognized testing laboratory (NRTL)
normally will be accepted by the authority having jurisdiction. The authority having jurisdiction
may also accept specialized equipment not listed or labeled by a NRTL, with appropriate
technical justification. A written report of the investigation and conclusion should be kept on file,
and the markings on the equipment should identify the report.

504-10. Equipment Installation.

(a) Control Drawing. Intrinsically safe apparatus, associated apparatus, and
otherequipmentshallbeinstalledinaccordancewiththecontroldrawing(s).

(FPN): The control drawing identification is marked on the apparatus.

There are three basic types of control drawings:

a) Intrinsically safe apparatus and associated apparatus are specified by manufacturer
and model number. See Figure 4.1 for an example.

b) Intrinsically safe apparatus is specified by manufacturer and model number for
connection to associated apparatus specified by entity parameters. See Figure 4.2 for
an example.
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c) Associated apparatus is specified by manufacturer and model number for connection
to intrinsically safe apparatus that is specified by entity parameters or to simple
apparatus. See Figure 4.3 for an example.

Control drawings that are combinations of the above types are also possible. For example,
control drawings for intrinsically safe apparatus often specify permissible connections to specific
associated apparatus and also specify entity parameters to allow additional flexibility in selecting
associated apparatus.

To ensure that a given interconnection forms an intrinsically safe system, it is necessary to obtain
control drawings that specify each intrinsically safe apparatus and associated apparatus to be
interconnected. If a control drawing of the type shown in Figure 4.1 that correctly describes the
interconnection is available, only that control drawing is necessary.

If the intrinsic safety of the system is to be based on the comparison of entity parameters, it is
necessary to obtain a control drawing for each intrinsically safe apparatus and associated
apparatus. Care should be taken to ensure that the entity parameters used in the comparison
apply to the specific set(s) of terminals to be interconnected.

If the system includes only simple apparatus connected to an associated apparatus, only the
associated apparatus control drawing is necessary. Multiple channels of associated apparatus
should not be connected to a single simple apparatus unless specifically permitted by the control
drawing.

Frequently, the user creates a wiring drawing based on the control drawings provided by the
manufacturers of the intrinsically safe apparatus and associated apparatus or other specification
sheets that provide information such as terminal identification.

CLASS I,DIVISION 1, GROUPS AB,C,D

HAZARDOUS (CLASSIFIED) LOCATION | NONHAZARDOUS LOCATION
CLASS II, DIVISION 1, GROUPS E,F,G |

CLASS I, DIVISION 1

ACME o ISB INC. o
INSTRUMENTS MODEL 123 |SUPPLY @
MODEL ABC® °
THE CAPACITANCE AND INDUCTANCE =l @
1.S. GROUND

OF THE CABLES MUST BE RESTRICTED
TO THE FOLLOWING VALUES: |

GROUP| C (uF) |L (mH) |
AB 0.11 4
CE 0.33 12
DIFG| o088 32,

NOTES: @THE BARRIER MUST NOT BE CONNECTED TO ANY DEVICE WHICH USES OR GENERATES
IN EXCESS OF 250 VOLTS RMS OR DC UNLESS IT HAS BEEN DETERMINED THAT THE
VOLTAGE HAS BEEN ADEQUATELY ISOLATED FROM THE BARRIER.

2 THE INSTALLATION MUST BE IN ACCORDANCE WITH THE NATIONAL ELECTRICAL CODE®,
NFPA 70, ARTICLE 504, AND ANSI/ISA-RP12.6.

THE BARRIER MUST BE CONNECTED TO A SUITABLE GROUND ELECTRODE PER NFPA 70,
ARTICLE 504. THE RESISTANCE OF THE GROUND PATH MUST BE LESS THAN 1 OHM.

REV| ECO | DATE |DRAWN |APPROVED|Title

Control Drawing for
Intrinsically Safe System

Draw.

Acme Instruments
Anywhere, USA 12345-6789

P
©

123-456 Sh.1of1

Figure 4.1 — Example of a control drawing for an intrinsically safe sysBmcuments
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