IEEE STANDARDS ASSOCIATION < IEEE

IEEE Guide for Specifying and
Selecting Power, Control, and
Special-Purpose Cable for
Petroleum and Chemical Plants

IEEE Industry Applications Society

Sponsored by the
Petroleum and Chemical Industry Committee

and the

IEEE Power and Energy Society

Sponsored by the
Insulated Conductors Committee

IEEE IEEE Std 1242™-2016
3 Park Avenue

New York, NY 10016-5997
USA

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:46:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1242-2016


http://www.avadocuments.com/doc/ieee-1242-2016
http://www.avadocuments.com/doc/ieee-1242-2016

IEEE Std 1242™-2016

IEEE Guide for Specifying and
Selecting Power, Control, and
Special-Purpose Cable for
Petroleum and Chemical Plants

Sponsor

Petroleum and Chemical Industry Committee
of the
IEEE Industry Applications Society

and the

Insulated Conductors Committee
of the

IEEE Power and Energy Society

Approved 22 September 2016

IEEE-SA Standards Board

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:46:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1242-2016


http://www.avadocuments.com/doc/ieee-1242-2016
http://www.avadocuments.com/doc/ieee-1242-2016

IEEE STANDARDS ASSOCIATION <}

This is a Redline Document produced by Techstreet, a business of

Thomson Reuters.

This document is intended to provide users with an indication of changes from one edition
to the next. It includes a full-text version of the new document, plus an indication of

changes from the previous version.

Redlines are designed to save time and improve efficiencies by using the latest software
technology to find and highlight document changes. More professionals are using valuable
new technologies like redlines, to help improve outcomes in a fastpaced global business

world.

Because it may not be technically possible to capture all changes accurately, it is
recommended that users consult previous editions as appropriate. In all cases, only the

current base version of this publication is to be considered the official document.

Documents

157 .
Bocument Sha ring Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:46:26 UTC from IEEE Xplore. Restrictions apply.

445 Hoes Lane, Piscataway, NJ 08854 USA | http://standards.ieee.org | Tel. +1 732-981-0060 Fax +1 723. 56

Full document details: IEEE 1242-2016


http://www.avadocuments.com/doc/ieee-1242-2016
http://www.avadocuments.com/doc/ieee-1242-2016

Redline Processing Notes:

1. Red-Fext - Red strikethrough text denotes deletions.

2. Blue Text - Blue underlined text denotes modifications and additions.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:46:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1242-2016


http://www.avadocuments.com/doc/ieee-1242-2016
http://www.avadocuments.com/doc/ieee-1242-2016

Abstract: Information on the specification and selection of power, control, and special-purpose ca-
ble, as typically used in petroleum, chemical, and similar plants, is provided in this guide. Materials,
design, testing, and applications are addressed. More recent developments, such as strand fill-
ing, low smoke, zero-halogen materials, chemical-moisture barriers, and fire-resistive cables have
been included.

Keywords: cable insulation, data communications cable, emergency isolation valves, fiber optic,
fire-resistive cable, IEEE 1242™, LSZH/XLLSZH cable, low-voltage cable, medium voltage cable,
motor-operated valves, non-metallic armor, remote-operated shut-off valves
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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 “Im-
portant 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 Asso-
ciation (“IEEE-SA”) Standards Board. IEEE (“the Institute”) develops its standards through a consensus de-
velopment 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 neces-
sarily 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 inde-
pendently 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 appropri-
ate, 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: PROCURE-
MENT OF SUBSTITUTE GOODS OR SERVICES; LOSS OF USE, DATA, OR PROFITS; OR BUSINESS
INTERRUPTION) HOWEVER CAUSED AND ON ANY THEORY OF LIABILITY, WHETHER IN CON-
TRACT, 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 [EEE 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.ieee.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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Introduction

This introduction is not part of IEEE Std 1242-2016, IEEE Guide for Specifying and Selecting Power, Control, and
Special-Purpose Cable for Petroleum and Chemical Plants.

This guide was originally prepared by Working Group P1242 of the Petroleum and Chemical Industry
Committee (PCIC) of the IEEE Industrial Applications Society with joint membership coordination from
Project 9-39 of the Special Purpose Cable Subcommittee (No. 9) of the Insulated Conductor Committee
(ICC) of the IEEE Power Engineering Society. The guide has been jointly revised by the Working Group at
PCIC and Working Group DO3W of Subcommittee D of the Insulated Conductor Committee (ICC) of the
IEEE Power and Energy Society. This working group fulfilled a unique role by linking the user community
represented by the PCIC membership with the cable manufacturing, utility, and consulting community
represented by the ICC. Joint membership provided for ease of input to the guide and cable design
solutions that could only have been accomplished in this manner. The purpose of this guide is to provide
the user with current cable technology in order to specify and select power, control, and special-purpose
cable for use in the petroleum and chemical industry. Emphasis is placed on those areas of concern peculiar
to these industries, including such environmental effects as chemical atmospheres, hazardous areas,
contamination, corrosion, and fire. This guide also may be applicable to other industries such as the utility
power generation where similar cables are used under similar environments.

This revision to the guide was prepared by the joint PCIC/ICC Working Groups for the purpose of updating
the guide to include new technology changes since its original issue.
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1. Overview

1.1 Scope

This guide provides information on the specification and selection of power, control, and special-
purpose cable, as typically used in petroleum, chemical, and similar plants. It addresses materials,
design, testing, installations, and applications. More recent developments such as strand-fillingtow-
smoke—zero-halogen-materials-and-chemical-meoisture barriers fire-resistive circuit integrity cables

have been included. This guide is not intended to be a design document, although many of the

problems associated with the specification and selection of power, control, and special-purpose
cable for petroleum and chemical plant applications can be avoided by considering the information
presented in this guide. It is recognized that there may be other types of cable used in the petroleum
and chemical industries, especially considering the global marketplace. This guide should not be

interpreted as precluding the use of such cables.

1.2 Purpose

The purpose of this guide is to provide the user with cable designs, applications, and test procedures
that are common to the petroleum, chemical, or similar type of industry. It is intended as an
informational tool for the new as well as the more seasoned engineer. In this capacity, it contains an
extensive single-point reference and cross-reference list of standards as they apply to the wire and
cable industry, including U.S. and Canadian standards. It provides application guidelines for the
type of installations found in petroleum and chemical plants as they relate to electrical, mechanical,
physical, thermal, and environmental properties of the cable. The use of this guide should help to
eliminate premature cable failure due to improper specification, selection, and application of cable in

petroleum and chemical plants.
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1.3 Application of various national and international standards

It is recognized that various national and international standards for equipment and installations are

not identical. However, it is recognized that mixing of standards is occasionally necessary.

Therefore, the application of any of these standards is the choice of the user, authority having

jurisdiction, and classification societies.

2. Normative references

The following referenced documents are indispensable for the application of this document (i.e.,

they must be understood and used, so each referenced document is cited in 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.

1

CSA C22:1-98, Canadian Electrical Code, Part I, Safety Standard for Electrical Installations.

L Canadian Standards Association (CSA) publications are available from-the-Canadian-Standards-Association{(Standards-Sales); at
CSA, 178 Rexdale Blvd—Etobicoke—Ontario, Boulevard, Toronto ON MOW 1B3 Canada M9WIR3(hitp:/iwww-esa-cat),

http://www.scsagroup.org

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:46:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1242-2016


http://www.avadocuments.com/doc/ieee-1242-2016
http://www.avadocuments.com/doc/ieee-1242-2016

IEEE Std 141-4993-(Reaff1999),™ TEEE Recommended Practice for Electric Power Distribution for

Industrial Plants (IEEE Red Book).2-3

NEPA 70-1999, National Electrical Code® (NEC®). 4

3. Definitions, acronyms, and abbreviations

For the purposes of this document, the following terms and definitions apply. The IEEE Standards

Dictionary Online should be consulted for terms not defined in this Clause.5

3.1 Definitions

adjustable speed drive (variable frequency drive): A converter using solid state switching devices

that has the capability of adjusting the frequency and voltage of the output waveform to provide

speed and torque control of motors.

2IEEE publications are available from the Institute of Electrical and Electronics Engineers, 445 Hoes Lane, P-O—Bex—1331;
Piscataway, NJ 08854, USA (http://www.standards.ieee.org/).

3The IEEE standards or products referred to in this clause are trademarks of the Institute of Electrical and Electronics Engineers, Inc.

4The 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, 445 Hoes Lane, P-O-Bex1331,
Piscataway, NJ, 688551334, USA (http://www.standards.ieee.org/).

5IEEE Standards Dictionary Online is available at: http://ieeexplore.ieee.org/xpls/dictionary.jsp.
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cablebus: An approved assembly by the National Electrical Code of insulated conductors with

fittings and conductor terminations in a completely enclosed, ventilated, protective metal housing.

The assembly is designed to carry fault current and to withstand the magnetic forces of such

currents.

emergency isolation valves (EIVs): Valves performing similar functions as the remote operated

shut-off valve. They are designed to limit the duration and severity of a fire by shutting off the fuel

source. Syn: emergency shutdown valves (ESDVs); remotely-operated block valves (RBVs).

emergency shutdown valves (ESDVs): See: emergency isolation valves (EIVs).

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.

non-incendive circuit: A circuit in which any arc or thermal effect produced under intended

operating conditions of the equipment or due to opening, shorting, or grounding of field wiring,

cannot ignite the flammable gas or vapor mixture. A non-incendive circuit is incapable of starting a

fire or an explosion during normal or abnormal conditions.

remote operated shut-off valve (ROSOV): A valve designed, installed, and maintained for the

primary purpose of achieving rapid isolation of plant items containing hazardous substances in the

event of a failure of the primary containment system (including, but not limited to, leaks from

pipework, flanges, and pump seals). Closure of the valve can be initiated from a point remote from

the valve itself. The valve should be capable of closing and maintaining tight shutoff under

foreseeable conditions following such a failure (which may include fire).
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remotely-operated block valves (RBVs): See: emergency isolation valves (EIVs).

3.2 Acronyms and abbreviations

AEIC Association of Edison [lluminating Companies
AH] Authority Having Jurisdiction
ASD adjustable speed drive
AWM appliance wire material
BIL basic impulse level
CAT category
CEC Canadian Electrical Code
CMB chemical moisture barrier
\ Lin the (ol :
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CPE

CSA

CSPE

CWC

EMI

EMC

EPD

EPR

EVA

chlorinated polyethylene (thermoplastic or thermoset)

Canadian Standards Association

chlorosulfonated polyethylene {thermeset)

continuously welded, corrugated

distributed control system

dissipation factor

ethylene ethyl acrylate

electromagnetic interference

electromagnetic compatibility

Methylene propylene diene methylene {thermoset)

ethylene propylene rubber {thermeset)

ethylene vinyl acetate
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HMWPE

IGBT

ICEA

IRK

LSZH

NBR

NBR/PVC

NESC

high-molecular-weight polyethylene (thermoplastic)

insulated gate bi-polar transistor

Insulated Cable Engineers Association

International Electrotechnical Commission

insulation resistance

insulation resistance constant

light emitting diode

{thermoplastic ex-thermoset) low-smoke, zero-halogen polyolefin

nitrile butadiene rubber

nitrile butadiene rubber/polyvinyl chloride (thermoset/thermoplastic)

National Electrical Code

National Electrical Safety Code
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NRTL

PE

PVC

PWM

RFI

SAP

SIC

SR

STP

TDR

TRXLPE

Nationally Recognized Testing Laboratory

polyethylene (thermoplastic)

power factor

polyvinyl chloride (thermoplastic)

pulse width modulation

radio frequency interference

super absorbent polymers

specific inductive capacity

silicone rubber {thermeset)

shielded twisted pair

time domain reflectrometry

tree-retardant cross-linked polyethylene {(thermeset)
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UTP

VFD

VSD

XLPE

XLLSZH

Underwriter’s Laboratory

unshielded twisted pairs

variable frequency drive

variable speed drive

cross-linked polyethylene {thermeset)

thermoset cross-linked low smoke, zero halogen polyolefin
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4. Typical eenstruetions instructions

4.1 General comments

This clause provides basic information on power and control cables that are typically utilized in
petroleum and chemical plant applications. It is not intended to duplicate information contained in
the references listed in Clause 2. Accordingly, listing of other sources of information is emphasized.
Considerable reliance is placed on illustrations and photographs of typical cables that are not
included in other references. Construction details, applicable standards, and application information
are included with each figure. Also note that the illustrative information does not include all cables
used in petroleum and chemical plants. Not included in this clause are instrument cables,
communication cables, portable cords, preassembled aerial cables, submarine cables, mineral

instlated-eablesjumper cables, ete or other specialty cables. Information on such special-purpose

cables can be obtained from Clause 12 13 of this guide and from the documents listed in Clause2
and—Annex A. Also, referto—Clause 4for 5 has general information on cable applications ane

ficall 19 for brrthering : . o
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4.2 Low-voltage cables

4.2.1 Listing of typical low-voltage constructions

[lustrations of typical low-voltage (0—_V_to 2000 V) cable constructions used in petroleum and

chemical plants are shown in the figures contained in this clause. Note that the figures are in tabular

form and contain descriptive information on construction, standards, fire ratings, and applications.

Although a particular figure may be applicable to both U.S. and Canadian cable types, the actual

construction and testing may be different due to standard requirements (i-e.g., different Canadian

types are required to pass lower-temperature tests, provide different fire ratings, and may require

different insulation thicknesses).

Constructions included in the subsequent figures are as follows in Table 1:

Table 1—Typical low-voltage constructions

Figure U.S. types Canadian tvpes
1 THHN/THWN/THWN-2 T80 Nylon TWN 75
2 XHHW/XHHW-2 RW7T5/EWo0
3 EHH/EHW-2 (one pass) RW75, EWo0
4 FHHERHW-2: USETUSE-2 (jacketed) RW75, RWa0
5 TC & TC-ER (PVC/nylon singles) TC
] TC & TC-ER (XLPE singles) TC
7 TC & TC-ER (EPR singles) TC
8 Armmored (MC) RAQO, RCO0, TECKS0
Q MI {nuneral msulated) MI (mineral insulated)
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= —y

U.5. types Canadian

TNHHN/THWN/THWN-2 TMTﬁ:/

XHHWSHHW-2 _RW75RW90

m-mf-zm;@) / RW75, RW20

RHH/RHW-2: USE/USESGacketed) RW75, RWo0

TC (PVC/nylerrSingles) T~ | T

TC E singles)

] ‘Fﬁsmgles} \"llft'\\
ﬁ MC (armored) TECK90 >

(Peleted)

[ R o B N i o Y B
(=]
L4=]

=

4.2.2 Illustrations and descriptive information on typical low-voltage

cables

Figure 1 through Figure 9 illustrate and describe typical low-voltage cables.

74

Construclion:

A—Conducter: copper, bare or ceated, =old or concamric simndad (sluminum available in
large sizes, par ASTM B355)

B—Insulation PYC
C—Jdacket: nyloen

Applicable standards: UL 83

Conductar temperaiure; THHM 9@0°C dry ar damp, THWM 75°C dry or wel, THWH-2 80°C wat ar
dry

Elgme rating: Crpticnal UL-rated ¥¥W-1, ooticnal UL 2356 verticel flame tast for sizes #1:0 AWG
and larger for cable tray use whan specified

Applications: THHM, conduit enly. THWN, conduit or underground ducts. For sizes 310 or lamar,
bath THHM and THYWM cen be instellad in travs when marked fer ceble trev (CT) use, subjax to

in n
the Maticnz| Elsctrical Code [NEC » (NFRPA FO) restriciicns Met recommanded when
gxposed 1o sunlight.
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Construction:

A—~Conductor: copper, bare or coated, solid or concentric stranded (alumi available in
large sizes)

Brinsulation: PVC

Conductor temperature:
ardry.

Flame rafing: Optional U ngl UL 1581-1997 [B92] vertical flame test for sizes
#1/0 AWG and largesAGr cable fray use when speified.

bject to the National Electric Code™ (NEC™) (NFPA 70-1999) restn
when exposed to sunlight.

NQns. Mot recommended

Figure 1—600 V Type THHN, THWN, or THWN-2

%

N

Sonstiuction.

A—Conducior. copper, bare or ceatad, 2olid, o concentric stranded (aluminum available in
large sizes per ASTH B355)

B—Insulation. normalky ble ok XLPE [Jzckat nomelly not provided)

Apphoshle stendards: LIL 44 |CEA S-55-G55 C5A 0 * Ho 35

Condunicrtemperaiure: XHHW 905 dry and demp, T5°0 wet, KHHW-2 20°C wet or dry.

Elema rating: Crlptiznal UL-rated WW-"1, Cotignal UL 25856 vertical flame test or sizes
H1 AW E znd larger for cable iy uss when spechiad. Optionzl festing per IZEE Ztd 1202 or
FT4is available.

Applicaticns. Conduit, undemgreund ducts, o on messenger. Sizes#10 AWS or larger can ba
installed in trave whan marked For CT uee. subject 1o NEZ restricticns. In amweas where ol and
zimilar hargh chemicals are prasant, an oplion al @il ressiance rafing may be required =uch as Gl
Fas| o Ol Res Il

(New)
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Construction:

A—~Conductor: copper, bare or coated, solid or concentric stranded {aluminu
large sizes)
E—Insulationfjacket: normally black XLPE

g standards: UL 44-1999 [B85], ICEA 5-66-524-1941 [B50], CSA C22.2 No. 38-95

Conductor temperaturd®¥HHW 90 "C dry angdamp, 75 C wet, XHHW-2 90 "C wet or dry.

Flame rating: Optional UL 1581-
for cable tray use when specified.

[B92] vertical flame test for sizes #1/0 AWG and larger

Applications: Condyi#”underground ducts, or onwgssenger. Sizes #1/0 AWG or larger can be
installed in trgyewhen marked for CT use, subject to ™ restrictions.

Figure 2—600 V Type XHHW or XHHW-2

Constru ciion:

A—Conducton: copper, bare or coated, solid or concentric stranded (aluminum available in
lame slzeE per ABTH B35S

B—Insulation: nermally black XLPE or EFR iJacket normally not provided)
Applicable standards: UL 44, UL 854, ICEA 5-05-850, 0S4 022 7 Mo, 38

Conductor temparature: RHH BPIEG dry and damp, RHW 75°C dry or wet, RHYW-2 B0°C wet ordry.

Elame rating: Optional UL-rated ¥W-1, sptienal UL 2336 vertical flame teet for sizes #10 ANWG
and larger for cable trey use when specified.

Appleetion 5 Conduit, undergrournd ducts, direct buried, of on messenger, Sizes #10 ANG
orlarger can be ingtalled infrays when merked for CT use, subject fo NEC restrictions. In
areas whare oil and similar hargh chemicsle are present, an opional ol reglsian ce raling may
e required such as il Res | or Ol Res I
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Construction:

large sizes)
B—Insulaticn/jacket: normally black XLPE or EFR

(EPR), IC -66-524-1991 [B50] (XLPE), CSA C22
Conductor tempera -RHH 80 °C dry ap@#damp, RHW/USE 75 © dry or wet, RHW-2/

USE-2 80 "C wet or dry.

Figure 3—600 V or 2000 V Type RHH, RHW or RHW-2, (USE-e+/USE-2-
{ene-pass -600 V only)

Construction:

_/ A—Conducion copper, bare of ceated, Bolid o concentrie siranded (aluminum evailatle in
large sires per A5 T B3G5
B—Ilnzulation: EPR or EPDM [can ke XLPE)

C—Jacket: CEPE or XLCPE.

Applicsble standards: UL 4. UL 834, |CEA 2-D53-858, CBAC22.2 Ne, 38,

Conduciortemperature: RHH 80°C dry and damp, RHYW F5°C dny or wet, RHW-2 00° Cdry o wet,

Flame rating: Optional UL-rated V=1, epticnal UL 2556 vertical flame test for sizes 210 AWE

g Iab er for cable triey use when specifisd. Optionzl testing per IEEE 5id 1202 or FT4
avallakle.

Appliestions: Conduit, underground duets, direct buried, or en messenger, Sizes #1710 AWG o
larger can be installed in trays when marked for CT use, subject to MEC restrictions
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Construction:

—Conductor: copper, bare or coated, solid or concentric stranded (aluminum ilable in large
s
B—InsMatjon: EPR or EFDM (can be XLPE)
f C—Jacket: E or CPE (thermoset)

Applicable standards: Dhg4-1999 [BS5], UL 854-19951688], ICEA S-68-516-1988 [B51] (EPR),
ICEA S-66-524-1991 [B50] (RhEE), CSA C22.2 Np-28-95 [B24].

B Conductor temperature: RHH 80 C nd damp, RHW/USE 75 C dry or wet, RHW-2/USE-2
90 C dry or wet.

Elame rating: Option -rated VW-1, optional UL 1 <1097 [B92] vertical flame test for sizes
#1/0 AWG and |gpaef for cable tray use when specified.

Applicgtidns: Conduit, underground ducts, direct buried, or on messengengizes #1/0 AWG or larger
installed in trays when marked for CT use, subject to NEC restrictions’

(Peleted)

Figure 4—600 V or 2000 V Type RHH, RHW or RHW-2, (USE-ex/USE-2-
Gaeketed -600 V only)
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Conglu ction:

S— Multipla conductors: copper, bare, soft (tinned conductors svalable), Glass 8,
concentric stranded perASTM 88 Optional flexi nle strancing may ba used.
B—Insulation: P Ciny lan

C—Fillars: nar-hyoros copie

O——Binder tape

E—lackek PVE

anplicable standards: UL 1277, ICEA S-05-658 (power), ICEA 5-73-532, [contral) CSA
G222 Mo, 230, end G54 C22.2 No. 239,

Caorductor tempersture: THHM 90°C dry or damp, THWN 7S°C dre or wet, TWHRN-2 90°C wetar
dry.

Flame rabing: Dptonal UL-rated Wi-1 conductars. vertical flame test per UL 1277 for
complate cabla. Optiaral testing per IFEE Std 1202 or FT4 availa ble.

Calor code: Fowaer canductars, black with white numbars par IGES 573532, Mathad 4,
Cantral concductors: Tabla B-2, Composte cables: combination of above.

Applications: Recaways, tray, massanger, underground ducts or direct buried subject b UL
approval. Open wiring | s prmitted for limited applicetions inindustrial establishments whare the
cabla meats tha crush and impact requirerments of fypa MC cabla.

Ramark e Sunlight-res stant | acket, approved far direct burial, Grounding conductor optional.
Sirgles normally duakrated THHMNTHYWN, Spacal constructon with enbanced mechanical
properties end ground wire avallakle far openwiing per MEC aption, In areas whene oil and
zimilar harsh chemical g are prazent, an aplional ol resistan ce rating may ba required such ae
il Bes lor Qi Res I Sunlight rasistance may be resuired for cables ingtalled in frays.

Z
®
s
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Construction:

A—DMultiple conductors: copper, bare, soft, Class B, concentric stranded per ASTM B 814
Insulation: PV Cinylon
illers: nonhygroscopic

49] (power), ICEA S-73-532-1990
2 No. 239-96 [B40].

[B52] (control) CSA C222 No. 230-M1888 [B39] and CSA

Conductor termperature: THHNSQ'C dry or damp, N 75 "C dry or wet, TWHN-2 90 "C wet or dry.

Flame rating: Optional UL-rated ¥YW-1 cdRg
plete cahle.

ftors. Vertical flame test per UL 1277-1996 [B9(Q] for com-

Color code: Power conductors,Afack with white nul
Control conductors: Table

Qers per ICEA S-73-532-1990 [B52], Method 4,
- Composite cables: combiwtion of above.

Applications: Racewdys, tray, messenger, underground ducts oN{rect buried subject to UL approval.

cnrm:allg.r dual-rated THHN/THWN. Special construction, with enhanced mechanicy
ground wire, availahle for open wiring per NEC option.

mp-ertles and

Figure 5—600 V Type TC (PVC/Nylon)
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Construction:

A—Nultiple conductors: copper, bare, soft (inned conductors available), Class B, concentric siranded per
ASTM BE. Optional flexible stranding may be used,

B—Insulation: XLPE

C—Fillers; non-hygroscopic flame-retardant available

D—-EBinder tape
E—Jacket: PVC or CPE (thermoplastic), CSPE or XLCPE, LEZHFXLLSZH, XLPC or necpreneg

UL 1277, ICEA 5-95-658 (power), ICEA 5-73-332 (control), CSA CZ2.2 No. 230,
and C5A C22.7 Ma. 238.

LConductor temperature 80°C wet or dry.
Flame rating: Yertical fame test per UL 1277 for complete cable. Opfional testing per IEEE Std 1202 or
FT4 available.

Color code; Power conductors: black with white numbers per [CEA S-73.532, Method 4, Contral
conductors: Table E-2,

Composite cables: Combination of above,

Applcations: Conduit, underground ducts, direct buried, or on messenger, Sizes #1/0 AWGS or larger can
be installed in trays when marked for CT use, subject to NEC restrictions.

BRemarks: Sunbght-resistant jacket, approved for direct burial. Grounding condustor oplional. Singles
typically dualrated XHHAHHW or XHHW-2. Special consfruction, with enhanced mechanical properties
and ground wire, available for open wiring per NEC option_ In areas where oil and similar harsh chemicals
are present, an optional oil resistance rating may be reguired such as Oil Res | or Oil Res Il Sunlight
resistance may be required for cables installed in trays.
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Construction:

A—Muliiple conductors: copper, hare, soft (tinned conductors available), Class B, concsfric stranded
PS(ASTM B 8-1995 [B26]

B—Irwyation: XLFPE

C—FillersNqonhygroscopic, flame-retardant available

D—RBinder tap®

E—Jacket: PVC oMSLE (thermoplastic), CSPE or CPE (thermoget], LSZH, XLPO or necprene

Applicable standards: UL 12%I-1996 [B90], ICEA S-66.524-1991 [B50] (power), ICEA S-73-532-1980
[B52] (conirol), CSA C22.2 No. 28Q, and CSA €22,.2M70. 239.

—

Conductor temperature: 90 "C wet or dry,

Flame rating: Vertical flame test pef UL 1277-1996Y820] for complete cable.

Color code: Power congeCiors: black with white numbers P JCEA S-73-532-1990 [B52], Method 4,
Control conductors Aable E-2. Composite cables: combination ofNapove.

Applicatiops? Conduit, underground ducts, direct buried, or on messengenGizes #1/0 AWG or larger
can beAnstalled in trays when marked for CT use, subject to NEC restrictions.

Remarks: Sunlight-resistant jacket, approved for direct burial. Grounding conductor opsgnal. Singles
typically dual-rated XHHXHHW or XHHW-2. Special construction, with enhanced mechani®s| proper-
ties and ground wire, available for open wiring per NEC option.

Figure 6—600 V or 2000 V Type TC (XLPE)
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Canatruston:

S Multiple conductors coppoer, bare jtinned condustorz  availabled, soft Clazz B,
Soncentric strandsd por A5TM B Dptional fkexibk: stranding may bo vacd.

E—Insulatken: EFE

C—Filkzrz non-hygrescopic flame-retardant available depending upen flans test requircement
O—Binder taps

E—Jdacket: PWC, CPE [thormaplastic), C2PE or XLCPE, LEZHMLLEEH, MLPD, ar neoprene

Applicable standarda: UL 1277, ICES 5-85-858, [powen, ICEA 573 532 contrah, CSA
C22 2Mo, 230, and CSA G222 No, 238,

Bamarks: Sunlight resistanss nay ke iequired for cakbzs installzd in trays.

Canducter tem poraturs: S0°C wot or dny.

Elame rating: Opticnal UL-rated Wiod conductarz. Werical flame tost por UL AZTT for complete
cable Opticnal testing por IEEE S 1202 or FT4 availa ble.

Golor code: Powcr conductors: black with whitc numbors por 1G24 5-T23-322. Contral
condustors: Table E-2.

Composite cablos: Combination of a bowa.

Applications: Bascways tray, messengoer, of dircst buncd subject to UL approval.

Bamacks: Sunlight-resiztant jackat. approved far dirset burial. Graunding sonductar eptional. Spocial
construction, with crhanced mochankal propertics and ground wirc, availabk: for opon wiring per
MEC. Zunlight resistance may bo requircd for cables installcd intrays.
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Construction:

A—Multiple conductors: copper, bare (tinned conductors availahle), soft, Class B concentric
stranded per ASTM B 8-1895 [B26]
B—Insulation: EPR

Remarks: Sunlight-resistant jacket, approved for direct burial. Grounding comd
Special construction, with enhanced mechanical properties and ground wire, aWwjlable for
apen wiring per NEC option.

Figure 7—600 V or 2000 \-Type TC (EPR)
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Conatruciicn:

B Multiple: cand neters: coppen bare, zsoft, Clazs B, cancentrie #randsd per 82T BA

B—Inzulstion: XLPE or EPR

C—Filkzra: non-hygreacopic

O—Rinder tape arapticnal innar acket (TECGK 80, B Ced. B ASd cable requires aninnaer jackat|

E—Groundng conductor: copper, bare, aoft, Glass B, concentric stranded por ASTHW BS

F—ormer: intciecked —aluminum orgahvanized stecl continucus welded 2nd comrugated (CWC)
sheath—aluminum ar coppor, sainkas ato!

G—Jacket: narmaly PYC. Alzo availabke: CSPE, XLGPE or CPE, LSZHXLLSEH |polyalofing,
TPJ, or neoprens

Spplicably standards UL 1588 UL 2225, ICEM S 35808 [powen, [TES S T3 532 (montral), CEL
G222 Ma. 131,

Conduster temparmturs Gonductsr tenmporturs iz dependant on inaulaticn of the aingba
Far caample: MHHW. 2 W07 C dry and wet; MHHW 8072 drp and 7570wt

Flanic rating: Mormally werical llamo test por UL 23538 Cptional testing por IEEE 3d 1202
or FT4available

Cobor codd:  Powsr CondUctors: black with whi numooors per |CGEA S-8534858. Contral
condustors: poer [GES 3-T-532, Tabklke E-2.

Compoaite cables: Combination of abowe,

Apploations: Raccways tray, supported Spsn rens, moaasngor, or dinsst Boriced.

Bemarks Approved for dircet burial when identified for zuch 132 Sunlght-resatant jacket Cable
with CWC armiar i conadercd misisture inpenvicns, Grounding conductor iz equired for
interiocked amier cable but is opticnal for GG, Type MG cablke can be uscd in Division 2
hazardaus kcations subject to NEG restrictionz. CWE Type MC cabl, with grounding conductar,
can o ouasd in Clazs |, Divizion 1, or £one 1 hazardous lecatiens when identificd a3 Type MC-HL.
IN arz2s whers oll and SnIErNaEn shenicd s e Lresent, an aptkenal all resisanss rating may
L Fe Uiz such 43 il Res | of DilReE 1.
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Construction:

A—Multiple conductors: copper, bare, soff, Class B, concentric stranded per 42TM B 8-
1865 [B26]
B—Insulation: ¥LPE or EFR
C—Fillers: nonhygroscopic
D—Binder tape or opftional inner jacket (teck cable requires an inne#jacket)
—Grounding conductor: copper, bare, soft, Class B, concentge stranded per ASTM B 8-
8385 [B26]
F—ANgoor: interlocked—aluminum or galvanized steel; gefitinuous welded and cormugated
(CWC) SRegath—aluminum or copper
G—Jacket wgrmally PVC. Also available: CSPE Mermoset), CPE (thermoset or thermo-
plastic), LSZH Yolyolefin), or neoprene

Applicable standardSNUL 1569-1995 [291], UL 2225-1996 [B95]. ICEA 5-66-524-1991
[B50] (power), ICEA S-T3G32-1990 JB52] (control), CSA C22.2 No. 131-MB8% [B37].

Conductor temperature: CongdMor temperature is dependent on insulation of the singles.
For example: XHHW-2 90 2 dry at wet; XHHW 90 C dry and 75 C wet.

Flame rating: Norrgefly vertical flame teS\per UL 1581-1997 [B92]. Optional testing per
|EEE Std 1202-)#41 [B75] available.

plor code Power conductors: black with white nuMWpers per ICEA 5-66-524-1991 [B50].
Contrg#conductors: per ICEA S-73-532-1990 [B52], TaRle E-2. Composite cables: combi-
napidn of above.

Applications: Raceways, tray, supported open runs, messenger, ondirect buried.

Remarks: Approved for direct burial when identified for such use. Sunligi{-resistant jacket.
Cable with CWC armor is considered moisture impervious. Groundind\conductor is
required for interlocked armor cable but is optional for CWC. Type MC cable caMpe used in
Division 2 hazardous locations subject to NEC restrictions. CWC Type MC caMg, with
grounding conductor, can be used in Class |, Division 1, or Zone 1 hazardous locakons
when identified as Type MC-HL.

(Peleted)

Figure 8—600 V Type MC (armored)
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Construction:

A—Multiple conductors: nickel-clad copper or nickel, bare, solid
B—Insulation: Compacted magnesium oxide powder
C—Sheath : Alloy 825 metal sheath

Applicable standards: UL 2225 and C54 22.2 No. 174 approved for use in Class 1, Division
1 hazardous areas

B Conductor temperature: Continuous exposure temperature of 670 °C (1238° F). Perthe NEC
80 °C, 250 °C for special applications.

Flarne rating: Momally vertical flame test per LIL 2556. Optional testing per IEEE Std
1202/FT4 available. Maximum exposure temperature of 1065 “C (1248 °F) for nickel-clad
copper conductors and 1200 “C {2192 F) for nickel conductors.

Color code: Factory terminated cable ends with stranded tails, Coler code for 1-7
conductors : black, white, red, blue, yellow, brown, orange

c Applications: Raceways, tray, supported open runs, messenger, or direct buried.

Remarks: Ml cable is suted for high temperature exposure, high mechanical impact
resistance, circuit integrity, corrosion resistance or confined space applications. Ml cable is
made of inorganic matenals and provides zero smoke generation, zero fuel contribution, and
zero flame spread if a jacket is not used. Highly compacted magnesium oxide insulation
prevents the flow and transmission of explosive gases through the wiring cable. Typically M|
cable is factory assembled with terminations using stranded tails brazed to the solid
conductors with nickelplated brass or stainless steel fittings. Along with being used as a
wiring cable, Ml cable is also widely used as a one or two conductor heating cable in
Fetrochemical facilities for temperature maintenance of process bnes as well as for freeze
protection. In this application the M| heating cable is factory assembled to a short section of
larger conductor Wi cable allowing for lovwer temperature power delivery to the length of M|
heating cable.

Figure 9—Mineral-insulated cable (MI)
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4.3 Medium-voltage cables

4.3.1 Listing of typical medium-voltage constructions

lustrations of typical medium-voltage cable constructions used in petroleum and chemical plants

are shown in the figures contained in this clause. Note that the figures are in tabular form and

contain descriptive information on construction, standards, fire rating, etc. Constructions included

in the figures are as follows_in Table 2:

Table 2—Typical medium-voltage constructions

Figure U.S. types Canadian types
10 MV-00, MV-105, 5 KV, 1/C, non-shielded
11 MV-00, MV-105, 535 KV, 1/C. helical tape or wire shield
12 MV-00, MV-105, 5-35 KV, 1/C. LC tape shield
13 MV-00, MV-105, 535 kV. 1/C. imbedded wire shield — ) )
14 MV-00. MV-105, 535 KV 1/C. moisture resistant Me%"jﬁ'ﬁaﬁlg‘;‘g’; ;hf]d“d “i?ll’: m
15 MV-90, MV-105, S &V, 3/C_ non-shielded i cs.aﬁccﬁtms_ﬁdz Bas].
16 MV-00, MV-105, 5 kV., 3/C. non-shielded, armored acm:dmm noty ortions
17 MV-00, MV-105, 535 KV, 3/C, shielded There pe designations.
18 MV-00, MV-105, 535 KV, 3/C, shielded, armored
535KV 3/C. Type MV-00 or Type MV-105, shielded, non-
10 .
metallic armored
New
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— -

\Pl'gue\ .S, tvpes Canadian w/

9 ‘\MZ)@D, MV-105, 5 kV. 1/C, nonshielded Medmum_yetfage shielded
10 I\-ﬂ'—mﬂi 5-35 kV. 1/C, helical tape or wire shield | c in Canada 1s manu-
11 MV-90, MV-1038<35 kV. 1/C. LC tape shield factured in accordance with
12 MV-90. MV-105. 5-35 B%J/C. imbedded wirsstfield CSA C68.3-97 [B42].

13 MV-90. MV-105, 5-35 kV. 1/C. MeigtyseTesistant &f are no type designa-

14 MV-90. MV-105. 5 KV, 3/C, goahielded™~__
15 MV-90, MV-105, 5 K}LA7C, nonshielded, armord~__

16 V=90, I\-Wﬁ—?p‘j kV, 3/C, shielded ~
I\-IMV—IO‘E, 5-35 KV, 3/C, shielded. armored

/’ﬁper mnsulated. lead covered. 5-35 kV. 1/C
Paper insulated, lead covered, 5-35 KV, 3/C

4.3.2 Illustrations and descriptive information on typical medium voltage

cables

Figure 10 through Figure 19 illustrate and describe typical medium-voltage cables.

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on February 24,2026 at 12:46:26 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1242-2016


http://www.avadocuments.com/doc/ieee-1242-2016
http://www.avadocuments.com/doc/ieee-1242-2016

Construction:

A—Conductor: copper, bare or tinned, soft. Class B, concenfric stranded {compressed or compact
opfion available} per ASTHM BE (aluminum also available).

B—Strand screen: extruded strand shigld compound thermally and chemically compatible with the
insulation,

C—Insulation; EPR or XLPE
D—Jacket; CSFE or XLCPE |, or LSZHXLLSZH. Jacket should be ozone-resistant, non-tracking
Applicable standards: ICEA 5-96-659, UL 1072

Conductor temperatura: 90 C wet or dry, 105 C available with EFR

Flama rating: Marmally capahle of passing vertical flamea test per UL-2556 or IEEE 5id 1202,
CT use approval is required if installed in tray per UL 1072 opficn.

Applications: Conduit, trays (size #1/0 AWG and larger), messenger, or underground ducts subject to
MEC restrictions such as allowing 5 kY nen-shielded cables for replacement and airport lighting.

Ramarks: Mot suitable for diract burial. Stress cone terminations not required. Track resistant jacket
material is desirable. Lower minimum bend radius.
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Construction:

A—Conductor: copper, bare (tinned may be used with EPR), soft, Class
stranded (compressed or compact option available) per ASTM B 8-1935 |2
also available)

B—Strand screen: extruded semiconducting EPR or polyolefin_z

Emiconducting tape, ar

thermoset), or LSZH. Jacket should

[B50] or ICEA S-68-316-1983 [B51],

UL 1072-1895 [B849].

Conductor temperature: 7 wet oy, 105 °C available with EPR.

|IEEE Std 1202-1991 [B75]. CT use approval is refs
[BEY] opén.

ed if installed in tray per UL 1072-1935

¥Dplications: Conduit, trays (size #1/0 AWG and larger), mess&sger, or underground ducts
subject to NEC restrictions.

Remarks: Mot suitable for direct burial. Stress cone terminations not requirds _Track resis-

tant jacket material is desirable.

Figure 10 —2.4 kV-5 kV Type MV-90, 1/C, non-shielded
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Caonstruciion:

A—Coenductor; copper, bare or tinned, soft, Class B, concentric stranded {compressed or
compact options available) per ASTM BE (aluminum also available),

B—5frand screen: extruded strand shield compound thermally and chemicall compatible
with the insulation.

C—Insulation: EFR, XLPE, or TRXLFE.

D—Insulation screen: extruded semiconducting cempound themmally and chermicall
compatible with the insulation.

E—Shield: helically applied overlapped copper tape or helically applied wire shield

F—.Jacket: PVC, CPE {thermaoplastic), CSPE or XLCPE, or LSZH/XLLSZH

Applicable standards: AEIC CS8[B3], ICEA 5-93-639, ICEA 5-97-682, UL 1072, C5A
CE8.5, C5A C68.10,

Conducior temperature: 90 “C wet or dry, 105 “C available with EPR.

Flame rating: Normally capable of passing vertical flame test per UL-2558 or |[EEE
Std 1202, CT wse approval is required it installed in tray per UL 1072 opticn,

Applications: Conduit, tray (sizes #1/0 AWG and larger), messenger, direct burial, or
underground ducts subject to NEC restrictions.

Remarks: Requires stress cone terminations. Give free-refardancy consideration when
selecting insulation for underground applications. Wire shield is an aption. Additional fault
carrying capability can be attained by increasing the size and number of shield wires or
for use as a concentric newtral.
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C —

A—~Conductor: copper, bare, soft, Class B, concentric stranded {compressgd”or compact
options available) per ASTM B 8-1995 [B26] (aluminum also available)

B—Strand screen: extruded thermoset semiconducting EPR or polyet&fin

C—Insulation: EPR, XLPE, or TRXLPE

InGInsulation screen: extruded semiconducting EPR or pgly@lefin

E—SMhwld: helically applied overlapped copper tape gpffelically applied wire shield
F—JackelRY C, CPE (thermoplastic), CSPE or CPE (thermoset), or LSZH

Applicable standards AEIC CS-5-1994.4820] or AEIC CS-6-1906 [B22], ICEA S-66-524-
1991 [B50] or ICEA S-B§16-19884851], UL 1072-1995 [B89], CSA C68.3-7 [B42].

Conductor temperature: 30°C waNg dry, 105 °C available with EPR.

Flame rating: Mgerially capable of passindNgertical flame test per UL 1581-1997 [B92] or
IEEE Std 1202-1991 [B75]. CT use approval is fequired if installed in tray per UL 1072-1995
[BASY] opHtn.

Applications: Conduit, tray (sizes #1/0 AWG and larger), mes®sgger, direct burial, or under-
ground ducts subject to NEC restrictions.

Remarks: Requires stress cone terminations. Give free-refardancy con®deration when
selecting insulation for underground applications. Wire shield can be increased Wnumbers
and size to provide additional fault current capability or for use as a concentric neutn

Figure 11 —5-35 kV Type MV-90/MV-105, 1/C, helical tape or wire shield
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Construction:

B—Conductor; copgoer, bare or tnned, soft, Class B, concentric stranded {compressed
o gompact optons avalable] per 85T BB {Eluminum also avallable)

E—&trand scresm: extruded strand shisld compound thermally and chemically compatible with
tha ineulation.

C—Inzulation: EPR, XLPE, or TRXLPE.

O—Insulation screen: extruded semiconducting compound thermally and chemically comzatile
withthe insulaticn.

E—Shield: longitudinally corrugated coppsr taps.

F—lackst: PE, PYC, or CPE (tharmoplastic), CSPE or XLCPE | LSZHXLLESH

Applicable standards: AEIC 58, ICEA S-08-£50, ICEA 5-07-682, UL 1072, &5A GEB10.
Condudor lemparadura; 90 "5 wat or dry, 105 "0 avalabla with EPE,

Elamsa rating: Mormally capabls of passing flams lest per UL-2556 or IEEE Std 1202, GT
e aporoval is required if installed in tray per UL 1072 option.

Apoplications: Raceways, ducts, dirsct burial, messenger, and tray subjest to NET and UL
restriclions.

REemarke, Reguiras stress cong terminalions. Longitodinally corrugadsd faps shisld will provids
nigher shield resistance intally, out over ime shield impedance may e lower at high
frequencies. Uss (TRXLFE or EPR) plus shigld with ezaled ssam for underground installations
i snhance protecton from neulalion falure due to esing. Larger minimam bend radius
compared o awire or helically wragped tape shield.
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Construction:

A—Conductor: copper, bare, soft, Class B, concentric stranded {compressgd or compact
- options available) per ASTM B 8-1995 [B26] (aluminum also available
B—Strand screen: extruded thermoset semiconducting EPR or paly@lefin
C—Insulation:EPR, XLPE, or TRXLPE
N—Insulation screen: extruded, thermoset, semiconductipd EPR or polyolefin
E—Syield: longitudinally corrugated copper tape.
F—Jack®™ PE, PV C, or CPE (thermoplastic); CSPE or CPE (thermoset); LSZH

\|

Applicable standdxds: AEIC CS-5-19944821] or AEIC CS-6-1996 [B22], ICEA 5-66-524-
1991 [B50] or ICEA 2M8-516-198848/51], UL 1072-1995 [BAY], CSA C68.3-97 [B42].

Conductor temperature: 39°C Wet or dry, 105 "C available with EPR.

Flame rating: Mopafally capahle of passing flame test per UL 1581-1997 [B92]or |EEE Std
1202-1991 1. CT use approval is requiresif installed in tray per UL 1072-1995 [B89]

option.

O
=7

pplications: Raceways, ducts, direct burial, messenger, 3d tray subject to NEC and UL
restrictions.

Remarks: Requires stress cone terminations. Longitudinal corrudsied tape shield
provides lower shield resistance. Use tree retardant insulation (TRXLPEMSL EFR) plus
shield with sealed seam for underground installations to enhance protection frdwinsula-
fion failure due to treeing.

Figure 12 —5-35 kV Type MV-90, 1/C longitudinally applied corrugated

shield, moisture, chemical impervious
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Constructian

A—Conduclor: copper, bare, sofl, Glags B, concentric compact stranded per ASTH B2,

E—Strand scrasn: sxlrudad strand shield compoand tharmally and chemically compatibla with the
insulaticn

C—In=ulation: EPR

C—Shield: longitadinal corrugated copper wires rmbedded in jacket.

E —Jackel: CPE {thermoplasiic), semiconducting.

Agplicable standards: ICEA S-53-538, ICEA S-97-582, UL 1072,

Conducior temperature: 30 "G wal ar dry.

Flams raling. Mormally sapable of passing vertcal flame test per UL-2556 ar IEEE Std 1202, C7T
uss approval is required if installed in tray per UL 1072 option.

Applications: Raceways, ducts, direct burial, messenger and tray (sizas #1100 and largar) subject to
MEC and UL restrictions.

Bemarks: Bequires slress cona tzrminalions. Embedded shizld in semiconductng jacket and
campact condusior minimizes overall diameter. Terminatians simalified.
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Construction:

A—Conductor: copper, bare, soft, Class B, concentric compact strandedg€r ASTM B 8-

1995 [B26]
B—>5Strand screen: extruded thermoset semiconducting polyolefn
Insulation: EPR

=eld: longitudinal corrugated copper wires imbegé

Bd in jacket

Conductor temperature: 90 Thget or dry.

capable of pashNgg vertical flame test per UL 1581-19587 [B92] or
is required if installed in tray per UL 1072-

1995 [BagEption.

q tray (sizes #1/0 and larger)

ications: Raceways, ducts, direct burial, messenger
subject to MEC and UL restrictions.

Eemarks: Requires siress cone terminations. Embedded shield in semicdRgducting jacket

and compact conductor minimizes overall diameter. Terminations simplified.

Figure 13 —5-35 kV Type MV-90, 1/C imbedded embedded and

corrugated wire shield
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Construction:

A—Conductor: copper, bara or tinned, soft, Class B, concentnc stranded (compressad or compact options
avallable) per ASTM BE (aluminum also avallable )

B—Strand scresen: extruded strand shisld compound thermally and chemically compatible with the
insulation

c

C—Insudation; EPR, XLPE, or TRXLPE.

D—Insdation screen: extruded semiconducting compound thermally and chemically compatible with the
insulation

E—Shigld/maoisture barrier: longitudinally corrugated copper tape, copolymer coated on outside,
sealed overlap, bonded to outer jacket,

F—Jacket: HMWPE or PVC (thermoplastic), CSPE or XLCPE | LEZH/XLLSZH.

Appliceble standards: AEIC C58, ICEA 3-86-659, UL 1072, C5A CGA.5, C5A C68.10.

Conductor temperature: 30 C wetor dry; 105 C available with EPR.

Flame rating: Normally capable of passing flame test per UL-2556 or
IEEE 5td 1202, CT use approval is required if installed in tray per UL 1072 option

Applicafions: Raceways, ducts, direct burial, messenger and tray subject to NEC and UL restrictions.

Remarks: Requires stress cone terminations. Especially suited for wet underground applications or other
harsh ervironments. Srand fling may reduce need for ree retardancy consideration when selacting
insulation for underground applications.
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Construction:

A—~Conductor: copper, bare, soft, Class B, concentric stranded {compresse#or compact
options available) per ASTM B 8-1985 [B26] (aluminum also availahle)

B—Strand screen: extruded thermoset semiconducting EPR or polygefefin

C—Insulation: EPR, XLPE or TRXLPE

D—Insulation screen: extruded thermoset semiconducting ZFR or polyolefin
hield/moisture barrer: longitudinally corrugated etpper tape, copolymer coated on
cutsid®™gealed overlap, honded to outer jacket

F—Jacket: NJWFPE or PVC (thermoplastic) 2SPE or CPE (thermoset); LSZH

Applicable standar®SAEIC CS-5-1984 [B21] or AEIC CS-6-1996 [B22], ICEA S-66-524-
1991 [B50] or ICEA S-62M16-1248 [B51], UL 1072-1995 [BRI], CSA C68.3-97 [B42].

Conductor temperature80 'C wedag dry, 105 "C available with EPR.

me ingMNormally capable of passeg flame fest per UL 1581-1897 [B9Z] or
|IEEE StgA202-1991. CT use approval is reguwed if installed in tray per UL 1072-1995
[BEgkaption.

Applications: Raceways, ducts, direct burial, messenger andNg@y subject to NEC and UL
restrictions.

Remarks: Requires stress cone terminations. Especially suited for wet undegground appli-
cafions or other harsh environments. Strand filling should reduce need for treewjardancy
consideration when selecting insulation for underground applications.

Figure 14 —5-35 kV Type MV-90, 1/C, LC shielded, moisture/chemical

impervious
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