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Abstract: General requirements, testing, markings, and documentation for skin effect trace
heating systems for pipelines, vessels, equipment, and structures intended for use in general
industrial applications are provided in this standard. This standard provides requirements when
utilizing skin effect trace heating systems in ordinary as well as hazardous areas that have

potentially explosive atmospheres.
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Important Notices and Disclaimers Concerning IEEE Standards Documents

IEEE documents are made available for use subject to important notices and legal disclaimers. These
notices and disclaimers, or a reference to this page, appear in all standards and may be found under the
heading “Important Notice” or “Important Notices and Disclaimers Concerning IEEE Standards
Documents.”

Notice and Disclaimer of Liability Concerning the Use of IEEE Standards
Documents

IEEE Standards documents (standards, recommended practices, and guides), both full-use and trial-use, are
developed within IEEE Societies and the Standards Coordinating Committees of the IEEE Standards
Association (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a
consensus development process, approved by the American National Standards Institute (“ANSI”), which
brings together volunteers representing varied viewpoints and interests to achieve the final product.
Volunteers are not necessarily members of the Institute and participate without compensation from IEEE.
While IEEE administers the process and establishes rules to promote fairness in the consensus development
process, IEEE does not independently evaluate, test, or verify the accuracy of any of the information or the
soundness of any judgments contained in its standards.

IEEE does not warrant or represent the accuracy or content of the material contained in its standards, and
expressly disclaims all warranties (express, implied and statutory) not included in this or any other
document relating to the standard, including, but not limited to, the warranties of: merchantability; fitness
for a particular purpose; non-infringement; and quality, accuracy, effectiveness, currency, or completeness
of material. In addition, IEEE disclaims any and all conditions relating to: results; and workmanlike effort.
IEEE standards documents are supplied “AS IS” and “WITH ALL FAULTS.”

Use of an IEEE standard is wholly voluntary. The existence of an IEEE standard does not imply that there
are no other ways to produce, test, measure, purchase, market, or provide other goods and services related
to the scope of the IEEE standard. Furthermore, the viewpoint expressed at the time a standard is approved
and issued is subject to change brought about through developments in the state of the art and comments
received from users of the standard.

In publishing and making its standards available, IEEE is not suggesting or rendering professional or other
services for, or on behalf of, any person or entity nor is [IEEE undertaking to perform any duty owed by any
other person or entity to another. Any person utilizing any IEEE Standards document, should rely upon his
or her own independent judgment in the exercise of reasonable care in any given circumstances or, as
appropriate, seek the advice of a competent professional in determining the appropriateness of a given
IEEE standard.

IN NO EVENT SHALL IEEE BE LIABLE FOR ANY DIRECT, INDIRECT, INCIDENTAL, SPECIAL,
EXEMPLARY, OR CONSEQUENTIAL DAMAGES (INCLUDING, BUT NOT LIMITED TO:
PROCUREMENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS;
OR BUSINESS INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY,
WHETHER IN CONTRACT, STRICT LIABILITY, OR TORT (INCLUDING NEGLIGENCE OR
OTHERWISE) ARISING IN ANY WAY OUT OF THE PUBLICATION, USE OF, OR RELIANCE
UPON ANY STANDARD, EVEN IF ADVISED OF THE POSSIBILITY OF SUCH DAMAGE AND
REGARDLESS OF WHETHER SUCH DAMAGE WAS FORESEEABLE.

Translations
The IEEE consensus development process involves the review of documents in English only. In the event

that an IEEE standard is translated, only the English version published by IEEE should be considered the
approved IEEE standard.
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Official statements

A statement, written or oral, that is not processed in accordance with the IEEE-SA Standards Board
Operations Manual shall not be considered or inferred to be the official position of IEEE or any of its
committees and shall not be considered to be, or be relied upon as, a formal position of IEEE. At lectures,
symposia, seminars, or educational courses, an individual presenting information on IEEE standards shall
make it clear that his or her views should be considered the personal views of that individual rather than the
formal position of IEEE.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE. However, IEEE does not provide consulting information or advice
pertaining to IEEE Standards documents. Suggestions for changes in documents should be in the form of a
proposed change of text, together with appropriate supporting comments. Since IEEE standards represent a
consensus of concerned interests, it is important that any responses to comments and questions also receive
the concurrence of a balance of interests. For this reason, IEEE and the members of its societies and
Standards Coordinating Committees are not able to provide an instant response to comments or questions
except in those cases where the matter has previously been addressed. For the same reason, IEEE does not
respond to interpretation requests. Any person who would like to participate in revisions to an IEEE
standard is welcome to join the relevant IEEE working group.

Comments on standards should be submitted to the following address:

Secretary, IEEE-SA Standards Board
445 Hoes Lane
Piscataway, NJ 08854 USA

Laws and regulations

Users of IEEE Standards documents should consult all applicable laws and regulations. Compliance with
the provisions of any IEEE Standards document does not imply compliance to any applicable regulatory
requirements. Implementers of the standard are responsible for observing or referring to the applicable
regulatory requirements. IEEE does not, by the publication of its standards, intend to urge action that is not
in compliance with applicable laws, and these documents may not be construed as doing so.

Copyrights

IEEE draft and approved standards are copyrighted by IEEE under U.S. and international copyright laws.
They are made available by IEEE and are adopted for a wide variety of both public and private uses. These
include both use, by reference, in laws and regulations, and use in private self-regulation, standardization,
and the promotion of engineering practices and methods. By making these documents available for use and
adoption by public authorities and private users, IEEE does not waive any rights in copyright to the
documents.

Photocopies

Subject to payment of the appropriate fee, IEEE will grant users a limited, non-exclusive license to
photocopy portions of any individual standard for company or organizational internal use or individual,
non-commercial use only. To arrange for payment of licensing fees, please contact Copyright Clearance
Center, Customer Service, 222 Rosewood Drive, Danvers, MA 01923 USA; +1 978 750 8400. Permission
to photocopy portions of any individual standard for educational classroom use can also be obtained
through the Copyright Clearance Center.
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Updating of IEEE Standards documents

Users of IEEE Standards documents should be aware that these documents may be superseded at any time
by the issuance of new editions or may be amended from time to time through the issuance of amendments,
corrigenda, or errata. An official [IEEE document at any point in time consists of the current edition of the
document together with any amendments, corrigenda, or errata then in effect.

Every IEEE standard is subjected to review at least every ten years. When a document is more than ten
years old and has not undergone a revision process, it is reasonable to conclude that its contents, although
still of some value, do not wholly reflect the present state of the art. Users are cautioned to check to
determine that they have the latest edition of any IEEE standard.

In order to determine whether a given document is the current edition and whether it has been amended
through the issuance of amendments, corrigenda, or errata, visit the IEEE-SA Website at
http://ieeexplore.ieee.org/xpl/standards.jsp or contact IEEE at the address listed previously. For more
information about the IEEE-SA or IEEE’s standards development process, visit the IEEE-SA Website at
http://standards.ieee.org.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE-SA Website at the following URL:
http://standards.icee.org/findstds/errata/index.html. Users are encouraged to check this URL for errata
periodically.

Patents

Attention is called to the possibility that implementation of this standard may require use of subject matter
covered by patent rights. By publication of this standard, no position is taken by the IEEE with respect to
the existence or validity of any patent rights in connection therewith. If a patent holder or patent applicant
has filed a statement of assurance via an Accepted Letter of Assurance, then the statement is listed on the
IEEE-SA Website at http://standards.ieee.org/about/sasb/patcom/patents.html. Letters of Assurance may
indicate whether the Submitter is willing or unwilling to grant licenses under patent rights without
compensation or under reasonable rates, with reasonable terms and conditions that are demonstrably free of
any unfair discrimination to applicants desiring to obtain such licenses.

Essential Patent Claims may exist for which a Letter of Assurance has not been received. The IEEE is not
responsible for identifying Essential Patent Claims for which a license may be required, for conducting
inquiries into the legal validity or scope of Patents Claims, or determining whether any licensing terms or
conditions provided in connection with submission of a Letter of Assurance, if any, or in any licensing
agreements are reasonable or non-discriminatory. Users of this standard are expressly advised that
determination of the validity of any patent rights, and the risk of infringement of such rights, is entirely
their own responsibility. Further information may be obtained from the IEEE Standards Association.
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CSA Group Legal Notice for Standards

Canadian Standards Association (operating as “CSA Group”) develops standards through a consensus standards
development process approved by the Standards Council of Canada. This process brings together volunteers
representing varied viewpoints and interests to achieve consensus and develop a standard. Although CSA Group
administers the process and establishes rules to promote fairness in achieving consensus, it does not independently test,
evaluate, or verify the content of standards.

Disclaimer and exclusion of liability

This document is provided without any representations, warranties, or conditions of any kind, express or implied,
including, without limitation, implied warranties or conditions concerning this document’s fitness for a particular
purpose or use, its merchantability, or its non-infringement of any third party’s intellectual property rights. CSA Group
does not warrant the accuracy, completeness, or currency of any of the information published in this document. CSA
Group makes no representations or warranties regarding this document’s compliance with any applicable statute, rule,
or regulation.

IN NO EVENT SHALL CSA GROUP, ITS VOLUNTEERS, MEMBERS, SUBSIDIARIES, OR AFFILIATED
COMPANIES, OR THEIR EMPLOYEES, DIRECTORS, OR OFFICERS, BE LIABLE FOR ANY DIRECT,
INDIRECT, OR INCIDENTAL DAMAGES, INJURY, LOSS, COSTS, OR EXPENSES, HOWSOEVER CAUSED,
INCLUDING BUT NOT LIMITED TO SPECIAL OR CONSEQUENTIAL DAMAGES, LOST REVENUE,
BUSINESS INTERRUPTION, LOST OR DAMAGED DATA, OR ANY OTHER COMMERCIAL OR ECONOMIC
LOSS, WHETHER BASED IN CONTRACT, TORT (INCLUDING NEGLIGENCE), OR ANY OTHER THEORY
OF LIABILITY, ARISING OUT OF OR RESULTING FROM ACCESS TO OR POSSESSION OR USE OF THIS
DOCUMENT, EVEN IF CSA GROUP HAS BEEN ADVISED OF THE POSSIBILITY OF SUCH DAMAGES,
INJURY, LOSS, COSTS, OR EXPENSES.

In publishing and making this document available, CSA Group is not undertaking to render professional or other
services for or on behalf of any person or entity or to perform any duty owed by any person or entity to another person
or entity. The information in this document is directed to those who have the appropriate degree of experience to use
and apply its contents, and CSA Group accepts no responsibility whatsoever arising in any way from any and all use of
or reliance on the information contained in this document.

CSA Group is a private not-for-profit company that publishes voluntary standards and related documents. CSA Group
has no power, nor does it undertake, to enforce compliance with the contents of the standards or other documents it
publishes.

Intellectual property rights and ownership

As between CSA Group and the users of this document (whether it be in printed or electronic form), CSA Group is the
owner, or the authorized licensee, of all works contained herein that are protected by copyright, all trade-marks (except
as otherwise noted to the contrary), and all inventions and trade secrets that may be contained in this document,
whether or not such inventions and trade secrets are protected by patents and applications for patents. Without
limitation, the unauthorized use, modification, copying, or disclosure of this document may violate laws that protect
CSA Group’s and/or others’ intellectual property and may give rise to a right in CSA Group and/or others to seek legal
redress for such use, modification, copying, or disclosure. To the extent permitted by licence or by law, CSA Group
reserves all intellectual property rights in this document.

Patent rights

Attention is drawn to the possibility that some of the elements of this standard may be the subject of patent rights. CSA
Group shall not be held responsible for identifying any or all such patent rights. Users of this standard are expressly
advised that determination of the validity of any such patent rights is entirely their own responsibility.

Authorized use of this document

This document is being provided by CSA Group for informational and non-commercial use only. The user of this
document is authorized to do only the following:

If this document is in electronic form:

e load this document onto a computer for the sole purpose of reviewing it;
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e  search and browse this document; and
e  print this document if it is in PDF format.

Limited copies of this document in print or paper form may be distributed only to persons who are authorized by CSA
Group to have such copies, and only if this Legal Notice appears on each such copy.

In addition, users may not and may not permit others to
e alter this document in any way or remove this Legal Notice from the attached standard;
e  sell this document without authorization from CSA Group; or
e make an electronic copy of this document.
If you do not agree with any of the terms and conditions contained in this Legal Notice, you may not load or use this

document or make any copies of the contents hereof, and if you do make such copies, you are required to destroy them
immediately. Use of this document constitutes your acceptance of the terms and conditions of this Legal Notice.

Standards Update Service

IEEE Std 844.1™-2017/CSA C22.2 No. 293.1-17

November 2017

Title: Standard for Skin Effect Trace Heating of Pipelines, Vessels, Equipment, and Structures—General, Testing,
Marking, and Documentation Requirements

To register for e-mail notification about any updates to this publication

e  goto shop.csa.ca
e click on CSA Update Service

The List ID that you will need to register for updates to this publication is 2425158.

If you require assistance, please e-mail techsupport@csagroup.org or call 416-747-2233.

Visit CSA Group’s policy on privacy at www.csagroup.org/legal to find out how we protect your personal information.
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IEEE Participants
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Roy Barth, Chair
Franco Chakkalakal, Vice Chair
Derek Polk, Secretary
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Todd Hamden Joseph Young

The following members of the individual balloting committee voted on this standard. Balloters may have
voted for approval, disapproval, or abstention.
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John D. Kulick, Past Chair
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IEEE Introduction

This introduction is not part of IEEE Std 844.1-2017/CSA C22.2 No. 293.1-17, IEEE/CSA Standard for Skin Effect
Trace Heating of Pipelines, Vessels, Equipment, and Structures—General, Testing, Marking, and Documentation
Requirements.

This is the first publication of IEEE Std 844.1™/CSA C22.2 No. 293.1, Standard for Skin Effect Trace
Heating of Pipelines, Vessels, Equipment, and Structures—General, Testing, Marking, and Documentation
Requirements, whichisa harmonized standard jointly developed by IEEE and CSA Group.

Skin effect trace heating systems have been used for a number of years in the industry. Skin effect trace
heating of pipelines, vessels, equipment, and structures in petrochemical as well as other industries is a
growing portion of total heating requirements because of its advantages in heating long pipelines with
temperature control.

This standard should be used in conjunction with IEEE Std 844.2™/CSA (C293.2, Standard for Skin Effect
Trace Heating of Pipelines, Vessels, Equipment, and Structures—Application Guide for Design,
Installation, Testing, Commissioning, and Maintenance.

Since skin effect trace heating systems are interrelated with electric power, control, and alarm systems,
other standards (some of which are listed in Clause 2) should be referred to when using this standard. This
standard is not intended to supersede any current standards or recommended practices, and sound
engineering judgment should always be used when applying this or any other standard.
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CSA Preface

This is the first edition of IEEE Std 844.1™/CSA C22.2 No. 293.1, Standard for Skin Effect Trace Heating
of Pipelines, Vessels, Equipment, and Structures—General, Testing, Marking, and Documentation
Requirements, which is a harmonized Standard jointly developed by IEEE and CSA Group. It is one in a
series of Standards issued by CSA Group under Part I of the Canadian Electrical Code.

Skin effect trace heating systems have been used for a number of years in the industry. Skin effect trace
heating of pipelines, vessels, equipment, and structures in petrochemical as well as other industries is a
growing portion of total heating requirements because of its advantages in heating long pipelines with
temperature control.

This Standard should be used in conjunction with IEEE Std 844.2™/CSA C293.2, Standard for Skin Effect
Trace Heating of Pipelines, Vessels, Equipment, and Structures—Application Guide for Design,
Installation, Testing, Commissioning, and Maintenance.

Since skin effect trace heating systems are interrelated with electric power, control, and alarm systems,
other standards, some of which are listed in Clause 2, should be referred to when using this Standard.

This Standard is considered suitable for use for conformity assessment within the stated scope of the
Standard.

This Standard was reviewed for use in Canada by the CSA Integrated Committee on Trace Heating, under
the jurisdiction of the CSA Technical Committee on Wiring Products and the CSA Strategic Steering
Committee on Requirements for Electrical Safety, and has been formally approved by the CSA Technical
Committee.

Interpretations: The Strategic Steering Committee on Requirements for Electrical Safety has provided the
following direction for the interpretation of standards under its jurisdiction: “The literal text shall be used in
judging compliance of products with the safety requirements of this Standard. When the literal text cannot
be applied to the product, such as for new materials or construction, and when a relevant CSA committee
interpretation has not already been published, CSA Group’s procedures for interpretation shall be followed
to determine the intended safety principle.”

NOTES:

1)  Use of the singular does not exclude the plural (and vice versa) when the sense allows.

2)  Although the intended primary application of this Standard is stated in its Scope, it is important to note that it
remains the responsibility of the users of the Standard to judge its suitability for their particular purpose.

3)  This publication was developed by consensus, which is defined by CSA Policy governing standardization—Code
of good practice for standardization as “substantial agreement. Consensus implies much more than a simple
majority, but not necessarily unanimity”. It is consistent with this definition that a member may be included in
the Technical Committee list and yet not be in full agreement with all clauses of this publication.

4) To submit a request for interpretation of this Standard, please send the following information to
inquiries@csagroup.org and include “Request for interpretation” in the subject line:

a) Define the problem, making reference to the specific clause, and, where appropriate, include an illustrative
sketch;

b) Provide an explanation of circumstances surrounding the actual field condition; and

c) Where possible, phrase the request in such a way that a specific “yes” or “no” answer will address the issue.

Committee interpretations are processed in accordance with the CSA Directives and guidelines governing

standardization and are available on the Current Standards Activities page at standardsactivities.csa.ca.

5)  This Standard is subject to review five years from the date of publication. Suggestions for its improvement will
be referred to the appropriate committee. To submit a proposal for change, please send the following information
to inquiries@csagroup.org and include “Proposal for change” in the subject line:

a) Designation;

b) Relevant clause, table, and/or figure number;
¢) Wording of the proposed change; and

d) Rationale for the change.
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IEEE/CSA Standard for Skin Effect
Trace Heating of Pipelines, Vessels,
Equipment, and Structures—General,
Testing, Marking, and Documentation
Requirements

1. Overview

1.1 General

This standard is divided into seven clauses that cover requirements for skin effect trace heating when
installed in ordinary locations as well as in hazardous (classified) locations. Clause 1 provides the scope,
purpose, and typical applications. Clause 2 lists normative references to other standards that are
indispensable in applying this standard. Clause 3 provides definitions that are either not found in other
standards or have been modified for use with this standard. Clause 4 establishes general system requirements
for skin effect trace heating. Clause 5 provides both type and routine testing requirements for skin effect
insulated conductors and other skin effect system components. Clause 6 covers marking requirements. Clause 7
details additional documentation requirements.

This standard also contains annexes. Annex A provides bibliographical references. Annex B provides
additional requirements for installations that are in explosive atmospheres classified using the Division
method of area classification. Annex C provides additional requirements in explosive areas classified
using the Zone method of area classification. Annex D covers skin effect trace heating design verification
methodologies.

1.2 Scope

This standard applies to general, testing, marking, and documentation requirements for skin effect trace
heating systems rated up to and including 5 kVac and 260 °C maximum skin effect insulated conductor
temperature. These heating systems are intended for installation in accordance with the CSA C22.1,
Canadian Electrical Code, Part I (CE Code); NFPA 70, National Electrical Code® (NEC®) in the USA; or
with any other national electrical installation code, as applicable.'

This standard applies to skin effect trace heating systems intended to be installed in ordinary and hazardous
locations. The hazardous locations include the following:

'National Electrical Code and NEC are both registered trademarks of the National Fire Protection Association, Inc.
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— In Canada: Zone 1; Zone 2; Zone 21; Zone 22; or Class I, Division 2; Class II, Division 2; Class III,
Division 2 as described in CSA C22.1.

— Inthe USA: Class I, Zone 1; Class I, Zone 2; Zone 21 and Zone 22; or Class I, Division 2; Class II,
Division 2; Class III, Division 2 as described in the NEC.

This standard also applies to termination assemblies and control methods used with skin effect trace heating

systems.

NOTE 1—Requirements for certification at voltages above 5kVac or skin effect insulated conductor insulation
temperatures above 260 °C may be considered under a special investigation by an accredited certification body.

NOTE 2—Information on transformer, power distribution, and controls components can be found in IEEE Std
844.2/CSA C293.2.2
1.3 Purpose

This standard provides testing, marking, design, and documentation requirements for skin effect trace
heating systems. Skin effect heating systems are intended to

a) Maintain design temperature; and
b) Provide electrical, thermal, and mechanical durability and reliability

1.4 Typical applications

1.4.1 General

Skin effect trace heating systems provide heating for pipes, vessels, equipment, and structures in order to
maintain or raise the temperature in the following typical applications.

1.4.2 Solidification prevention

Systems can be used to prevent the fluid in a line or a vessel from solidifying. These include water, aqueous
solutions, crude oil, pitch, asphalt, metals, sulfur, and other chemicals. The heating system compensates for
pipeline heat losses in order to maintain the temperature of the contents above the solidification point.

1.4.3 Viscosity maintenance

Systems can be used to maintain viscosity of a fluid in a pipeline or a vessel. Viscous materials such as
heavy fuel and crude oil are generally heated to achieve optimum pump efficiency and pipeline sizes.
Usually these materials are preheated to a temperature that provides the desired viscosity and pumped to
their destination through heated pipelines designed to maintain that temperature.

1.4.4 Process heating
Systems can be used to maintain the temperature of fluids when process parameters require it. Systems can

also be used to raise the temperature of process fluids flowing in the pipeline or the vessel, but they require
increased heat input capacity.

’Information on references can be found in Clause 2.
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1.4.5 Condensation prevention

Systems can be used to prevent gaseous materials from condensing. Some gases condense at low
temperature and require heating to maintain their gaseous state during transportation. If pressure is
significantly reduced during gas flow, such as through a valve, increased heat input capacity might also be
required.

1.4.6 Re-melting solidified fluids

Systems can be used to re-melt solidified fluids. Some heating applications do not require heat during
pumping, but only supply heat to re-melt pipeline contents and bring them up to temperature prior to
pumping. A typical example is an infrequently used loading or unloading pipeline.

1.4.7 Structure heating

Skin effect trace heating systems can be used on concrete foundations and concrete walls exposed to sub-
freezing temperatures to prevent frost heave. They can also be used on concrete pads, concrete surfaces, or
other surfaces for de-icing and snow-melting. Typical examples of frost heave prevention applications are
cryogenic and low-temperature storage tanks. Typical examples of de-icing and snow-melting applications
are the concrete surfaces of some automated public transportation systems.

1.4.8 Terminology

In this standard, “shall” is used to express a requirement, i.e., a provision that the user is obliged to satisfy
in order to comply with the standard; “should” is used to express a recommendation or that which is
advised but not required; and “may” is used to express an option or that which is permissible within the
limits of the standard.

Notes accompanying clauses do not include requirements or alternative requirements; the purpose of a note
accompanying a clause is to separate from the text explanatory or informative material.

Notes to tables and figures are considered part of the table or figure and may be written as requirements.

Annexes are designated normative (mandatory) or informative (non-mandatory) to define their application.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e., they shall
be understood and used, so each referenced document is cited in the text and its relationship to this
document is explained). For dated references, only the edition cited applies. For undated references, the
latest edition of the referenced document (including any amendments or corrigenda) applies.

ANSI/UL 60079-0:2013 (Sixth Edition) or ANSI/ISA 60079-0 (12.00.01):2013 (Sixth Edition), Explosive
atmospheres—Part 0: Equipment—General requirements.>

ASTM D1868-13, Standard Test Method for Detection and Measurement of Partial Discharge (Corona)
Pulses in Evaluation of Insulation Systems.*

SANSI publications are available from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor,
New York, NY 10036, USA (http://www.ansi.org/).

“ASTM publications are available from the American Society for Testing and Materials, 100 Barr Harbor Drive, West Conshohocken,
PA 19428-2959, USA (http://www.astm.org/).
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CAN/CSA-C22.2 No. 0, General requirements—Canadian Electrical Code, Part 11.3

CAN/CSA-C22.2 No. 60079-0:15, Explosive atmospheres—Part 0: Equipment—General requirements.
CSA C22.1-15, Canadian Electrical Code, Part 1.

CAN/CSA-C22.2 No. 60529:16, Degrees of protection provided by enclosures (IP Code).

IEC 60270:2000+A1:2015, High-voltage test techniques—Partial discharge measurements.®

IEEE Std 844.2-2017/CSA C293.2-17, IEEE/CSA Standard for Skin Effect Trace Heating of Pipelines,
Vessels, Equipment, and Structures—Application Guide for Design, Installation, Testing, Commissioning,
and Maintenance.’

NFPA 70, National Electrical Code®, (NEC®).®

NMX-J-556-ANCE-2015 ¢« CSA C22.2 No. 2556-15 « UL 2556, Wire and Cable Test Methods.

NMX-J-235/2-ANCE-2015 « CSA C22.2 No. 94.2-15 « UL 50E, Enclosures for Electrical Equipment,
Environmental Considerations.

NMX-J-543-ANCE-2013 « CSA C22.2 No. 65-13 « UL 486A-486B, Wire Connectors.

3. Definitions

For the purposes of this document, the following terms and definitions shall apply. The IEEE Standards
Dictionary Online should be consulted for terms not defined in this clause.’ Some definitions here are used
only in IEEE Std 844.2/CSA C293.2.

ambient temperature: The environmental temperature surrounding the workpiece to be heated. For a
workpiece enclosed in thermal insulation and weather barrier, it is the temperature external to the thermal

insulation and weather barrier.

certification: Attesting that the skin effect trace heating system has demonstrated the ability to perform in
accordance with pre-established criteria.

contaminant: Any solid or liquid material that is not an intended ingredient in the electrical insulation.

controlled design: A control method that uses a temperature control device to limit the maximum
workpiece temperature of the skin effect trace heating system.

SCSA Group publications are available from CSA Group (Standards Sales), 178 Rexdale Boulevard, Toronto, Ontario, Canada MOW
1R3 (shop.csa.ca).

IEC publications are available from the Sales Department of the International Electrotechnical Commission, Case Postale 131, 3, rue
de Varembé, CH-1211, Genéve 20, Switzerland/Suisse (http://www.iec.ch/). IEC publications are also available in the United States
from the Sales Department, American National Standards Institute, 25 West 43rd Street, 4th Floor, New York, NY 10036, USA
(http:// www.ansi.org/).

"IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, Piscataway, NJ 08854,
USA (http://standards.iece.org/).

8The NEC is published by the National Fire Protection Association, Batterymarch Park, Quincy, MA 02269, USA (http://
www.nfpa.org). Copies are also available from the Institute of Electrical and Electronics Engineers, Inc., 445 Hoes Lane, Piscataway,
NJ 08854, USA (http://standards.ieee.org/).

°IEEE Standards Dictionary Online is available at: http://dictionary.ieee.org.
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distributed temperature sensor: A temperature sensor that has the ability to measure many temperature
points spatially along an extended length.

down-hole heating: The application of a trace heating element inside a well.

end termination: The location opposite the power connection where the skin effect insulated conductor is
connected to the ferromagnetic envelope.

ferromagnetic envelope: A carbon steel tube or pipe and any enclosure with magnetic properties designed
to contain the skin effect insulated conductor. When connected to an ac electrical supply, the resulting
magnetic fields of the conductor and tube attract and cause the tube current to concentrate on the inner skin
of the heat tube, which produces heat through /”R. The amount of heat produced in the heat tube is a result
of the current and resistivity of the heat tube. Syn. heat tube.

ferromagnetic material: A material that, in general, exhibits hysteresis phenomena and whose
permeability is dependent on the magnetizing force.

heat loss: A quantitative value for the rate of thermal energy flow from a workpiece to the surrounding
ambient.

heat sink: A part that conducts and dissipates heat away from the workpiece being heated. Heat sinks, as
related to skin effect trace heating systems, can be workpiece supports, valve operators, etc.

insulated splice: Electrically insulated field or factory skin effect conductor connections that are located
within the skin effect trace heating circuit and are exposed to the same environment as the skin effect
insulated conductor.

jumper/jumpering: A technique used for the purpose of providing non-heating electrical continuity of the
skin effect trace heating circuit around equipment such as a valve or flange in a pipeline. In this technique,
the ferromagnetic envelope is discontinued. Electrical continuity of the circuit is maintained by the use of
suitable conductors connected in series with the skin effect insulated conductor and the ferromagnetic
envelope.

maintain temperature: The specified temperature of the fluid, process material, or workpiece that the
heating system is designed to hold at equilibrium under specified design conditions. Syn: maintenance
temperature.

manufacturer: The entity that owns the certificate for the system.

maximum ambient temperature: The highest specified ambient temperature in which the skin effect trace
heating system can be expected to operate.

maximum continuous exposure temperature: The highest allowable temperature that the skin effect
insulated conductor (de-energized) can be continuously exposed to as declared by the manufacturer.

maximum maintain temperature/maximum continuous operating temperature (skin effect trace heater
energized): The specified maximum heated workpiece temperature that the skin effect trace heater can

operate continuously on as declared by the manufacturer.

maximum/minimum allowable temperature: The maximum/minimum temperature permitted by the user
for the process, fluid, pipe, or structure.

maximum sheath temperature: The maximum temperature of the outermost continuous covering of the
skin effect insulated conductor under any specified operating conditions.
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maximum withstand temperature: The maximum operating or exposure temperature, whichever is
higher, as declared by the manufacturer that does not adversely affect the thermal stability of the skin effect
trace heater and any insulated splices.

minimum ambient temperature: The lowest specified ambient temperature at which the heat loss
calculations are based and the skin effect trace heating system is expected to perform according to the

specified requirements.

minimum installation temperature: The minimum temperature at which the skin effect trace heating
system can be installed.

permeability (i): The ratio of the magnetic flux density to the corresponding magnetizing force.

pipeline: A length of pipe, including pumps, valves, flanges, control devices, strainers, or similar
equipment.

potentially explosive atmospheres: A mixture with air, under atmospheric conditions, of flammable
substances in the form of gas, vapour, dust, fibres, or flyings that, after ignition, permits self-sustaining

propagation.

power connection: The location at the beginning of the skin effect trace heater where power is supplied to
the skin effect conductor and power is returned from the ferromagnetic envelope.

pre-insulated pipe: Sections of pipe where heat tube, insulation, and weather barrier are factory or field
installed prior to final field assembly of the heated pipeline.

production annulus: The space between the production tube and the innermost wellbore casing of a well.

production tube: The pipe or tube inside of a casing serving as a flow line through which typically oil,
water, or gas mixtures are brought to the surface.

rated output: The power per unit length of the skin effect trace heater at its rated voltage, length, and the
heated workpiece temperature.

rated voltage: The voltage assigned by the manufacturer to which operating and performance
characteristics are referred.

routine test: A test or series of tests carried out on skin effect insulated conductors after manufacture on a
routine basis.

runaway temperature: The highest workpiece temperature that occurs when the trace heating system is
continuously energized at the maximum ambient temperature.

skin effect insulated conductor: The dielectrically insulated conductor located inside the ferromagnetic
envelope which delivers power to the far end of the ferromagnetic envelope.

skin effect trace heater: A trace heater where a conductor inside a ferromagnetic envelope material
generates heat via current flow in the conductor and ferromagnetic envelope.

skin effect trace heater circuit: A single skin effect heater circuit consisting of an insulated skin effect
conductor inside a ferromagnetic envelope, with a single power connection and end termination point.

skin effect trace heating system: The skin effect trace heater, associated power, splice and end

termination boxes, temperature and power controls, power distribution, and power transformer required to
functionally achieve skin effect heating.
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stabilized design: A design where the temperature of the trace heater, by design and use, stabilizes below
the high-limit temperature, under specified adverse conditions, without the need for a protective system to
limit the temperature.

structure: A foundation, wall, rail surface, or other surface that requires heat to be supplied for the
purposes of controlling temperature within a specified range.

temperature controller: A device or combination of devices incorporating a means for sensing heated
workpiece temperature and controlling power to the skin effect trace heater so as to maintain the heated
workpiece within a specified range.

temperature limiting device: A safety device incorporating a means for sensing heated workpiece
temperature and switching power off to the skin effect trace heater before the maximum specified heated
workpiece temperature is exceeded.

thermal insulation: Material having air- or gas-filled pockets, void spaces, or heat-reflective surfaces that,
when properly applied, reduces the transfer of heat from the heated workpiece.

type test: A test or series of tests carried out on the skin effect insulated conductor or system,
representative of a type, to determine compliance of the design, construction, and manufacturing methods
within the requirements of this standard.

very low frequency (VLF) test: Testing method that utilizes ac signals in the frequency range from
0.01 Hz to 1 Hz.

vessel: A container such as a barrel, drum, or tank for holding fluids or other material.

weather barrier: Material that, when installed on the outer surface of thermal insulation, protects the
insulation from water or other liquids; physical damage caused by sleet, wind, or mechanical abuse; and
deterioration caused by solar radiation or atmospheric contamination.

workpiece: An object to which a skin effect trace heater is applied, such as pipelines, vessels, structures, or
other equipment.

4. General requirements

4.1 Principle of operation

A skin effect heating system consists of a single insulated conductor run inside a ferromagnetic envelope. A
source of ac power is connected between the skin effect insulated conductor and the ferromagnetic
envelope at the power connection (i.e., the start of the skin effect trace heater). The far end of the skin
effect conductor is connected to the ferromagnetic envelope at the end opposite from power source. Current
flows from the power source through the skin effect insulated conductor to the far end and returns through
the inner skin of the ferromagnetic envelope. The basic skin effect trace heating system is illustrated in
Figure 1.
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SKIN EFFECT TRACE ng‘i‘gg" N END TERMINATION
CONTROL PANEL HEATING SYSTEM BOX
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POWER/TRANSITION
BOX
(OPTIONAL)

GROUND ELECTRODE
CONNECTION

FERROMAGNETIC
ENVELOPE (HEAT TUBE)
PULL/SPLICE WITH CONDUCTOR

BOX(S)

\ ? NOTES:
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SENSOR (S) HEATING SYSTEM SHOWN WITHIN THE
DOTTED LINE. OTHER COMPONENTS MAY BE
CERTIFIED SEPARATELY.
POWER CONMNECTION BOX 2. THE OPTIONAL POWER/TRANSITION BOX MAY
BE REQUIRED BASED ON SYSTEM
REQUIREMENTS.

Figure 1—Skin effect trace heating system

In skin effect trace heating, heat is generated in the ferromagnetic envelope wall by the return current.
Additional heat is produced by the PR loss in the insulated conductor. The inductive interaction between the
current in the skin effect insulated conductor and the return current in the ferromagnetic envelope, along
with the ac skin effect in the ferromagnetic envelope, results in the current in the ferromagnetic envelope
being concentrated in a thin layer at its inner surface.

A distinctive feature of the skin effect trace heating system is that there is no measureable voltage on the outer
surface of the ferromagnetic envelope.

4.2 System

4.2.1 General

Skin effect trace heating systems within the scope of this standard shall be designed and constructed so as
to provide electrical, thermal, and mechanical durability and reliable performance.

4.2.2 Skin effect insulated conductor

4.2.2.1 Test requirements

All skin effect insulated conductors covered by this standard shall comply with the testing requirements in
Clause 5. Installation instructions shall be provided based on documentation requirements included in
Clause 7.
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