IEEE SA

STANDARDS
ASSOCIATION

ol

IEEE Recommended Practice for Testing
of Electric Submersible Pump Cable

IEEE Industry Applications Society

ISTANDARDS

Developed by the
Petroleum & Chemical Industry Committee

IEEE Std 1017.1™-2021
(Revision of IEEE Std 1017.1-2013)

Documents
@IEEE Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:01:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1017.1-2021


http://www.avadocuments.com/doc/ieee-1017-1-2021
http://www.avadocuments.com/doc/ieee-1017-1-2021

IEEE Std 1017.1™-2021
(Revision of IEEE Std 1017.1-2013)

IEEE Recommended Practice
for Testing of Electric
Submersible Pump Cable

Developed by the

Petroleum & Chemical Industry Committee
of the
IEEE Industry Applications Society

Approved 23 September 2021

IEEE SA Standards Board

Documents
Document Sharing Hub

Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:01:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1017.1-2021


http://www.avadocuments.com/doc/ieee-1017-1-2021
http://www.avadocuments.com/doc/ieee-1017-1-2021

This is a Redline document
produced by Accuris.

Redlines are designed to save time and improve productivity by using the latest
software technology to find and highlight document 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.

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. This Redline is produced solely by Accuris. The publisher has not
prepared this Redline and is not responsible for its accuracy.

Contact:
https://store.accuristech.com/pages/contact.html

Documents

Document Sharing Hub
Authorized licensed use limited to: Tsinghua University. Downloaded on March 05,2026 at 05:01:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1017.1-2021


https://www.techstreet.com/pages/home
mailto:store@techstreet.com
https://store.accuristech.com/pages/contact.html
http://www.avadocuments.com/doc/ieee-1017-1-2021
http://www.avadocuments.com/doc/ieee-1017-1-2021

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 March 05,2026 at 05:01:43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1017.1-2021


http://www.avadocuments.com/doc/ieee-1017-1-2021
http://www.avadocuments.com/doc/ieee-1017-1-2021

Abstract: Procedures and test voltage values for factory, acceptance, and maintenance testing of
electric submersible pump (ESP) cable systems are presented. This recommended practice applies
to cable systems rated 3 kV through 8 kV (phase to phase) and is intended only for this special-
purpose cable. The intent is to provide uniform test procedures and guidelines for evaluation of the
test results.

Keywords: cable ampacity, cable maintenance, cable testing, conductors, electric submersible
pump (ESP), factory testing, field testing, IEEE 1017™, submersible pump cable
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Important Notices and Disclaimers Concerning IEEE Standards Documents

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

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

IEEE Standards documents are developed within the IEEE Societies and the Standards Coordinating
Committees of the IEEE Standards Association (IEEE SA) Standards Board. IEEE develops its standards
through an accredited consensus development process, which brings together volunteers representing varied
viewpoints and interests to achieve the final product. IEEE Standards are documents developed by volunteers
with scientific, academic, and industry-based expertise in technical working groups. Volunteers are not
necessarily members of IEEE or IEEE SA, 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 completeness 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. In
addition, IEEE does not warrant or represent that the use of the material contained in its standards is free from
patent infringement. 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: THE
NEED TO PROCURE 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.
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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 is the approved IEEE standard.

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, nor 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 the
presenter’s views should be considered the personal views of that individual rather than the formal position of
IEEE, IEEE SA, the Standards Committee, or the Working Group.

Comments on standards

Comments for revision of IEEE Standards documents are welcome from any interested party, regardless of
membership affiliation with IEEE or IEEE SA. However, IEEE does not provide interpretations, 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 evaluating comments or in revisions to an IEEE standard is welcome to join the relevant
IEEE working group. You can indicate interest in a working group using the Interests tab in the Manage Profile
and Interests area of the IEEE SA myProject system. An IEEE Account is needed to access the application.

Comments on standards should be submitted using the Contact Us form.

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 constitute 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 US 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.
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Photocopies

Subject to payment of the appropriate licensing fees, 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; https://www.copyright
.com/. Permission to photocopy portions of any individual standard for educational classroom use can also be
obtained through the Copyright Clearance Center.

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 10 years. When a document is more than 10 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 [IEEE Xplore or contact IEEE. For more information
about the IEEE SA or IEEE’s standards development process, visit the IEEE SA Website.

Errata

Errata, if any, for all IEEE standards can be accessed on the IEEE SA Website. Search for standard number and
year of approval to access the web page of the published standard. Errata links are located under the Additional
Resources Details section. Errata are also available in IEEE Xplore. Users are encouraged to periodically
check for errata.

Patents

IEEE Standards are developed in compliance with the IEEE SA Patent Policy.

IMPORTANT NOTICE

IEEE Standards do not guarantee or ensure safety, security, health, or environmental protection, or ensure against
interference with or from other devices or networks. IEEE Standards development activities consider research
and information presented to the standards development group in developing any safety recommendations.
Other information about safety practices, changes in technology or technology implementation, or impact
by peripheral systems also may be pertinent to safety considerations during implementation of the standard.
Implementers and users of IEEE Standards documents are responsible for determining and complying with
all appropriate safety, security, environmental, health, and interference protection practices and all applicable
laws and regulations.

Documents

5 Document Sharing Hub
Authorized licensed use limited to: Tsinghua UnfvERYJIabSEhHadRd B F Mafehrigiase s 646t 43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1017.1-2021


https://www.copyright.com/
https://www.copyright.com/
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/content/ieee-standards/en/about/contact/index.html
https://standards.ieee.org/standard/index.html
https://ieeexplore.ieee.org/browse/standards/collection/ieee/
https://standards.ieee.org/about/sasb/patcom/index.html
http://www.avadocuments.com/doc/ieee-1017-1-2021
http://www.avadocuments.com/doc/ieee-1017-1-2021

Participants

At the time this recommended practice was completed, the Downhole Cable Working Group had the following

membership:

David Beck
Shawn Brown
Chris Clingman
Walter Dinkins
Marcus Durham

Robert Durham, Chair
Cameron Chung, Vice Chair

Terry Glasscock
Ilya Goldberg
Richard Loiselle
Willy Manfoumbi

Greg Manke
Brandon Marbach
Gary Savage
Irina Vaseva

Brad Yingst

The following members of the individual Standards Association balloting group voted on this recommended

practice. Balloters may have voted for approval, disapproval, or abstention.

Peter Baen

Paul Becker

Paul Cardinal
Cameron Chung
Donald Dunn
Marcus Durham
Robert Durham
Shubhanker Garg
Lee Herron

Werner Hoelzl
Ben C. Johnson
John Kay

Robert Konnik
Chung-Yiu Lam
Benjamin Lanz
Philip Laudicina
Ting Li

Arturo Maldonado

Dennis Neitzel
Sivaraman P
David Parman
Gary Savage
Bartien Sayogo
Jerry Smith
Gary Smullin
David Tepen
John Vergis

When the IEEE SA Standards Board approved this recommended practice on 23 September 2021, it had the

following membership:

Edward A. Addy
Doug Edwards

Ramy Ahmed Fathy
J.Travis Griffith
Thomas Koshy
Joseph L. Koepfinger*
DavidJ. Law

*Member Emeritus

Gary Hoffman, Chair

Jon Walter Rosdahl, Vice Chair

John D. Kulick, Past Chair

Konstantinos Karachalios, Secretary

Howard Li
Daozhuang Lin
Kevin Lu
Daleep C. Mohla
Chenhui Niu
Damir Novosel
Annette Reilly
Dorothy Stanley

6

Mehmet Ulema
Lei Wang

F.Keith Waters
Karl Weber

Sha Wei

Howard Wolfman
Daidi Zhong

Documents

Document Sharing Hub

Authorized licensed use limited to: Tsinghua UnfvERYJIabSEhHadRd B F Mafehrigiase s 646t 43 UTC from IEEE Xplore. Restrictions apply.

Full document details: IEEE 1017.1-2021


http://www.avadocuments.com/doc/ieee-1017-1-2021
http://www.avadocuments.com/doc/ieee-1017-1-2021

Introduction

This introduction is not part of IEEE Std 1017.1-2021, IEEE Recommended Practice for Testing of Electric Submersible
Pump Cable.

This document is part of the IEEE 1017 family of Electric Submersible Pump (ESP) documents. The
IEEE 1017 family of documents originally included three recommended practices (RPs) including RP 1017
(now IEEE Std 1017.1™), RP 1018 (now IEEE Std 1017.2™ [B16]), and RP 1019 (now IEEE Std 1017.3™
[B17]).! These three RPs were the first standards sponsored by the Petroleum and Chemical Industry
Committee of the IEEE Industry Applications Society.

Work began on the ESP standards in 1979. At that time, the typical life of ESP cables was significantly less
than one year. Less than five vendors manufactured all ESP cable in the world. Each manufacturer used
proprietary guidelines, as well as construction and performance requirements. After five years of work, the
initial publication of RP 1017, RP 1018, and RP 1019 was completed in 1984. ANSI approval was obtained in
1985.

The original RPs focused on specifications for polypropylene cable (RP 1019). This was followed by the
specifications for a relatively new insulation material EPDM (RP 1018). During this process, it became clear
that a document outlining field testing of the cable was required. This grew into RP 1017. The voltage rating of
the cables was limited to 3 kV and 5 kV. Testing was limited to dc hi-pot testing and a dc voltage withstand test.

Version 2 (1991) of RP 1018 and RP 1019 expanded with the addition of ampacity curves based on the Neher-
McGrath method. The Neher-McGrath calculations were modified to make them specifically applicable to the
downhole conditions experienced by the cables. No significant changes to the testing requirements contained
in RP 1017 were made.

Version 3 of RP 1017 (2004) included the addition of general descriptions of new testing procedures including
time domain reflectometers (TDRs), thumpers, bridge type fault locators, and dc burn in. Also included was a
major improvement in the interpretation of dc hi-pot testing results, including methods for predicting failure of
the cables without overstressing and destroying the insulation.

By the 2004 version, the cable types described in RP 1018 and RP 1019 included four types: round, round with
lead sheath, flat and flat with lead sheath.

Prior to the 2004 version, all values in the ESP cable standards were based on the United States Customary
System (USCS, or English Engineering Units). Due to increased globalization of IEEE standards, The IEEE
Standards Association (SA) had a requirement that all published documents use SI units exclusively. The
market for ESP cable standards deals almost exclusively in USCS units, so the drafts were rejected by the
ballot groups. Members of the ballot group threatened to withhold approval of the IEEE RPs and move the
work to other standards development organizations. This led the working group to petition the SA Standards
Board (SASB) to include dual units, SI and USCS. The SASB approved the dual unit request and made a
change to IEEE SA policy to allow dual units in all IEEE standards.

Version 4 (2013) of the RPs primarily involved editorial cleanup and verification of table values. Discussion
began on advanced test methods, but these test methods were not included in this version. Discussions also
began on inclusion of 8 kV rated cables.

The current version of the 1017 family of RPs (version 5) contains the most significant modifications to the
RPs in their 40-year history. Version 5 includes greatly expanded content and a complete revamp of the group
of RPs. The first major modification was renumbering of the RPs to emphasize the continuity of the standards
as a group. RP 1017 became RP 1017.1, RP 1018 became RP 1017.2, and RP 1019 became RP 1017.3. All

'The numbers in brackets correspond to those of the bibliography in Annex A.
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three RPs were expanded to include 8 kV rated cable in addition to the 3 kV and 5 kV historic rated voltages.
Additionally, cable sizes were expanded to include #3/0 AWG and #4/0 AWG.

RP 1017.1 was expanded to include all testing: factory, acceptance, and field testing. Additionally, advanced
test methods including very low frequency tan-delta (VLF tan-delta) and partial discharge (PD) were included,
along with interpretation guidance. Testing for surface feedthroughs and downhole connectors was added.
New tests for qualification of encapsulating materials for non-lead metallic barrier cables with encapsulating
jacket were also added.

RP 1017.2 and RP 1017.3 were modified to remove testing (pulled into RP 1017.1) and were expanded to
include non-lead metallic barrier cables (sometimes called “tubing encapsulated power cable” or “TEPC”).
The insulating and jacket material specifications were expanded to include reinforced high modulus materials.
Finally, the Neher-McGrath curves were updated to correct an error and to make them more readable and
usable.

This recommended practice, under the jurisdiction of the Petroleum and Chemical Industry Committee of the
IEEE Industry Applications Society, may be used by anyone desiring to do so and is presented as minimum
criteria for installation and field testing of this class of submersible cable. It is not intended to restrict innovation
or to limit development of improvements in cable design. Every effort has been made to assure the accuracy
and reliability of the data contained herein. However, the committee makes no representation, warranty, or
guarantee in connection with the publication of this recommended practice and hereby expressly disclaims
any liability or responsibility for loss or damage resulting from its use, for any conflict, or for the infringement
of any patent resulting from the use of this recommended practice.
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IEEE Recommended Practice for Eield-Testing of Electric Submersible

Pump Cable

1. Overview

1.1 Background

Guidance for the field-and-maintenanece-testing of conventional power cable is available in IEEE Std

400™ series of guides®; however, those documents are thatdeeusment-is not an-applicable guides
guide in assessing the condition of electric submersible pump (ESP) cable. By adopting some
principles set forth in IEEE Std 400 series and applying others developed from field experience, this
recommended practice for submersible cable testing will assist those persons with the responsibility

of determining the dielectric condition of this type of cable.

This recommended practice proposes the use of direct current (dc) for hi-pot testing because of its

advantages over rated condition alternating current (ac) voltage. These advantages are as follows:

J_IE . ¢ bef LinCl 2
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a) Smaller test equipment may be used.
b) It minimizes damage when a fault occurs, which aids in fault examination.

c) Improved safety due to smaller charging current compared to conventional frequency

testing.

Other forms of testing, such as partial discharge (PD), very low frequency tan-delta (VLFTD) offer

similar safety benefits using ac current in different conditions. These tests provide significantly

additional information to traditional hi-pot tests and are addressed in this recommended practice as

well.

This recommended practice is for cables without a connecting motor-lead extension cable or surface
connecting cable, and it is primarily for armored cables; however, unarmored cables can be tested by

submersing them in water.

This document does recommend dc and ac leakage testing at the factory after assembly of the cable

prior to final shipment. This document praetice does not require that testing be performed, either at

the time of installation or periodically thereafter, for acceptance or maintenance. It sets forth the

consensus of currently known good practice in testing methods, with interpretation of results.
1.2 Scope

Procedures and test voltage values for factory, acceptance and maintenance testing of ESP cable
systems are presented. Installation and handling practices are also covered. This procedure applies

to cable systems rated 3 kV through 8 and-5 kV (phase to phase).
1.3 Purpose

The purpose of this recommended practice is as follows:

a) Provide a guideline for performing ESP leakage-eurrenttest-se-it-can-be-used-as—a cable

factory, acceptance and maintenance tests. gqualitytool
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b) Provide guidelines for evaluation and interpretation of the test results.

c) Define terms that have a specific meaning to the recommended practice.

1.4 Word usage

The word shall indicates mandatory requirements strictly to be followed in order to conform to the

standard and from which no deviation is permitted (shall equals is required to).213

The word should indicates that among several possibilities one is recommended as particularly

suitable, without mentioning or excluding others; or that a certain course of action is preferred but

not necessarily required (should equals is recommended that).

The word may is used to indicate a course of action permissible within the limits of the standard

(may equals is permitted to).

The word can is used for statements of possibility and capability, whether material, physical, or

causal (can equals is able to).

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.

ANSI/ICEA T-24-380, Standard for Partial Discharge Test Procedures.4

2The use of the word must is deprecated and cannot be used when stating mandatory requirements, must is used only to describe

unavoidable situations.

3The use of will is deprecated and cannot be used when stating mandatory requirements, will is only used in statements of fact.

4ANSI publications are available from the American National Standards Institute (https://www.ansi.org/). ICEA publications are

available from the Insulated Cable Engineers Association (https://www.icea.org/).
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API RP 500, Recommended Practice for Classification of Locations for Electrical Installation at

Petroleum

Facilities Classified as Class I, Division 1, and Division 22

API RP 505, Recommended Practice for Classification of Locations for Electrical Installations at

Petroleum Facilities Classified as Class I, Zone 0, Zone 1 and Zone 2.

ASTM D471, Standard Test Method for Rubber Property —Effect of Liquids.é

ASTM D638, Standard Test Method for Tensile Properties of Plastics.

ASTM D1938. Standard Test Method for Tear-Propagation Resistance (Trouser Tear) of Plastic Film

and Thin Sheeting by a Single-Tear Method.

ICEA S-96-659, Standard for Nonshielded Cables Rated 2001-5000 V For Use In The Distribution Of

Electrical Energy.

IEC 60079-10-1, Explosive Atmospheres—Part 10-1: Classification of Areas—Explosive Gas

Atmospheres.7

UL 719, Standard for Nonmetallic Sheathed Cable.8

UL 2556, Standard for Safety Wire and Cable Test Methods.

SAPI publications are available from the American Petroleum Institute (https://www.api.org/).

6ASTM publications are available from ASTM (https://www.astm.org).

7IEC publications are available from the International Electrotechnical Commission (https://www.iec.ch) and the American National

Standards Institute (https://www.ansi.org/).

8UL publications are available from Underwriters Laboratories (https://www.ul.com/).
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3. Definitions, acronyms, and abbreviations

3.1 Definitions

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 2 4

absorption current: A Current resulting from molecular polarizing and electron drift, which decays

with time of voltage application at a decreasing rate from a comparatively high initial value to

nearly zero, and depends on the type and condition of the insulation system eharge-abserbed-inte
e diclects It of polarization.

ac test: This test is performed by the manufacturer at power frequency as a pass/fail test to help

verify the electrical integrity of the cable.

acceptance test: This test is intended to help detect damage before the initial installation of new

cable and includes only the cable itself and excludes terminations, penetrations, motor leads, etc.-

These tests are normally performed by the user or the designated representative using dc voltage at

80% of the factory test voltage.

capacitance current: Current required to charge the capacitor formed by the dielectric of the cable

under test.

dc test: This test is performed by the manufacturer to help verify the electrical integrity of the cable.
The conductance leakage current is used as a comparative measurement, and the dc voltage can be

used as a pass/ fail test.

electric submersible pumps (ESPs): Equipment that refers to electric-driven, deep-well centrifugal

pumps as commonly used to lift fluids from subsurface formations.

9 4EEE Standards Dictionary Online is available at: http://dicti deee.org. An IEEE account is required for access to the
dictionary, and one can be created at no charge on the dictionary sign-in page subseription—is—available—at
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NOTE—Refer to Figure 1 for typical assembly.10 5
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10 5Notes in text, tables, and figures of a standard are given for information only; and do not contain requirements needed to
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Figure 1—Typical ESP cable

ESP cable: Three-conductor power cable is installed in the well for the purpose of transmitting

power from the surface to the motor or motor-lead extension cable.
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factory leakage current test: This test is completed by the manufacturer at the-100% of the factory

test voltage level. This voltage test is conducted phase to ground. Factory tests may be conducted

either at the manufacturing facility or at other manufacture’s regional locations prior to delivery of

the cable to the customer.

NOTE —The factory test voltage level is ¥alues-are shown in Table 1.

feedthrough/penetrator: A pressure blocking device that breaks the downhole cable from the

surface conditions such that there is no continuous gas leakage pathway between the well internal

and surface conditions. Penetrator systems utilize a separable surface connector and may or may not

have a lower connector system.

field: This term or the term “in the field” may include cable not yet installed or cable that has been

removed from its operating environment.

imbalance: Voltage and current in three phase system normally are equal but with slight changes in

impedance in each phase, these can vary slightly from nominal values. Imbalance is the difference in

voltage and current between the three phases of a cable system due to the impedance differences.

insulation resistance (IR): The opposition to current flow through the insulation.

insulation resistance test: The ratio of applied direct voltage to measured leakage current where the

current measurement is taken at time ¢, specified from the start of voltage application By-impressing

leakage current (conductance): Current resulting from leakage through the cable insulating layer(s)

and over surfaces of cable connections and terminations. This leakage current is measured using a
test set equipped with an accurate microampere meter. Corona discharge from external energized

element is included in this value.

maintenance leakage current test: This test is conducted after removing the cable from a well and is

normally performed by the user or the designated representative using dc voltage at 40% of the
factory test voltage level. It is intended to detect the deterioration of the cable insulation and to help

determine suitability for reuse. It is also sometimes referred to as proof testing.
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NOTE—The factory test voltage level is shown in Table 1.

motor-lead extension cable (MLE): Three-conductor cable typically designed with a high-
temperature/-high dielectric insulation to allow for the smallest cable profile possible. This cable

runs from above the pump to the motor and includes the motor connecting plug (Pothead).

rated voltage: The Phase-to-phase voltage to which operating and performance characteristics are

defined ofa-three-phasesystem.

surface connecting cable: Power cable from wellhead to surface equipment.

system test: A field test made during or after installation or connection of motor, terminations,

motor leads, penetrations, etc. but before the cable system is placed in normal service. The test is

intended to detect installation damage and to show any gross defects or errors in installation of

other system components.

tan-delta mean: The mean of all tan-delta values (minimum six values) obtained during

measurement at a given voltage level.

tan-delta standard deviation: The standard deviation of all tan-delta values (minimum six values)

obtained at a given voltage level.

tan-delta tip-up: The difference between the tan-delta mean at the 1.5°U 0. voltage level and the tan-

delta mean at the 0.5°U 0. voltage level.

3.2 Acronyms and abbreviations

ac alternating current
ASD adjustable speed drive
AWG American wire gauge
c ampacity coefficient
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CEV corona extinction voltage

C1v corona inception voltage

dc direct current

dV/dt change in voltage divided by change in time

EPDM ethylene propylene diene monomer

EPR ethylene—propylene rubber: used as a generic term to define EPM or EPDM
insulation

ESP electric submersible pump

kVA kilovolt-amperes

kW kilowatt

MLE motor lead extension cable

PD partial discharge

PE polyethylene thermoplastic

PMM permanent magnet motor

ppP polypropylene thermoplastic

PWM pulse width modulated

TDR time domain reflectometry

THD total harmonic distortion

Uy, rated voltage

1% operating voltage
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VSD variable speed drive

VED variable frequency drive

VLE very low frequency (for the purpose of this guide 0.01 Hz to 1.0 Hz)
VLE-DF very low frequency —dissipation factor

VLE-DS very low frequency —dielectric spectroscopy

VLE-DTD very low frequency —differential dissipation factor (delta tan-delta)
VLE-LC very low frequency —leakage current

VLE-LCH very low frequency —loss current harmonics

VLE-PD very low frequency —partial discharge

VLE-PDEV very low frequency partial discharge extinction voltage

VLE-PDIV very low frequency partial discharge inception voltage

VLE-TD very low frequency dissipation factor (tan-delta)

Cable names may include multiletter description based on cable construction from copper conductor

to outer armor. First letter is usually vendor name, second is insulation (e.g., E for EPDM or P for

polypropvlene). Next is jacket (e.g., L for lead or N for Nitrile). Last is three-conductor type (e.g¢., F

for flat or R for round).

4. Safety

4.1 Description

Testing of cable systems using high-voltage—de testing involves all hazards that are normally

associated with working on energized circuits and several unique hazards that should be addressed.
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4.2 Application

Cables subjected to high-voltage testing can hold an electrical charge for long periods of time after
voltage has been removed. This electrical charge is maintained because of the high capacitance and
dielectric absorption characteristics of the insulation. This buildup of an electrical charge is

characteristic of all insulating materials.

WARNING

Cable subjected to high-voltage testing that is not properly grounded after the test can have
dangerous charge buildup. Proper grounding procedures shall be followed to reduce eliminate

personnel hazards.

4.3 Procedures to secure cable test area

Cable testing is best performed in a designated area designed for the sole purpose of inspecting and
testing of cable. Equipment should be maintained, calibrated, and checked at regular intervals to
help verify that equipment is in working order and that the grounding system is functional. It is
recommended that a warning light be incorporated into the test setup to indicate that the system has

been energized.

All safety or personal protective equipment (PPE) should be inspected to verify that the ratings

exceed the test voltages.

Cable circuits often have one or more ends that are remote from the location of the test equipment
and test operator. These ends should be cleared and guarded for the safety of personnel. Voice
communication should be established between all such locations and the test operator. Before a cable

is energized, make sure the area is clear of personnel.

All ends and all connecting leads of components being tested require guarding from accidental
contact by such means as rope barriers, enclosures, or a watchman at all hidden points. The ends
require separation from all elements not to be subjected to test by a distance of not less than 15 cm
(5.9 in).
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All components should be de-energized before starting any work. Cable may become electrically
charged by induced voltages. A grounded connection should be applied to each conductor, the
armor, and all non-energized metallic parts in the vicinity prior to physical contact. The only time a

ground connection should be removed is when applying test voltage to that insulated conductor.

When-€e voltages are applied to the cable, it is common for a residual charge to remain in the
insulation. After the cable is tested, each conductor should be discharged to ground. A grounded
connection should be reattached to the conductor. The ground should be applied long enough to
completely discharge the cable, or at least two times the duration of the voltage test. Otherwise,

there is danger of electrical shock.

Additional precautions should be followed after completing tests with ele-voltages greater than 5 kV.

Connect all conductors and the armor (group tie) to an effective ground.

5. General considerations
5.1 Environmental influences

5.1.1 Temperature and trapped gases

Rapid decompression of the cable can cause damage as gas bubbles expand inside the cable. As a

result, cable pull speeds should be held to levels which allow trapped gasses to dissipate without

causing cable damage.

The dielectric strength of cable insulation is reduced at elevated temperatures. Therefore, surface
cable tests should be conducted after the cable has cooled to surface ambient temperature and the

cable has had sufficient time to degas.
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5.1.2 Environmental conditions

High humidity and conditions favoring condensation on exposed surfaces can affect test results to a
marked degree. Contamination can greatly increase conduction current and increase the potential
for flashover. Relative air density affects the measurement of test voltage and may cause a flashover
at the termination. At elevations higher than 1000 m (3280 ft), additional insulation of the cable ends
is required to withstand the prescribed test voltages. Wind can cause erroneous current readings by
preventing the accumulation of space charges at bare energized terminals resulting in increased

corona. Consequently, all of these factors should be considered when conducting cable tests.

5.2 Cable storage

Where possible, cable reels are to be stored indoors on a hard, dry surface to help prevent

deterioration of the reels, possible ingress of moisture into the cables, and to protect the cables from

extremely low temperatures prior to installation. Cable reels should not be stored on their sides. This

practice can potentially cause snags when cable is being deployed from the reel. Cables should be

stored at temperatures between —50 °C and +75 °C.

Cable reels stored outdoors should be supported off the ground and covered with a suitable

weatherproof material. The reel supports should be at least twice the width of the reel flange, long

enough to provide adequate load bearing surface (to prevent sinking), and high enough to prevent

the reel from sitting in free standing water in the event of heavy rainfall. All reel supports must be

positioned under each reel flange, and to prevent free rolling each reel should be chocked between

the reel flange and the support at opposite sides of the flange.

All cable reels should be stored in such a manner allowing easy access for lifting and moving, away

from construction activities, falling or lying objects, sources of high heat, open flames, chemicals or

petroleum products, etc. that may come in contact with the cable and cause damage.

The use of fencing or other barriers to protect cables and reels against damage by vehicles or other

equipment moving about the storage area is highly recommended.
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If the factory-applied endcaps are removed for any reason, the exposed cable ends should be re-

sealed using properly applied weatherproof endcaps or by taping the ends with a tape/mastic

designed specifically to prevent the entrance of moisture into the cable. Tapes such as PVC or duct

tape are not suitable for preventing the entrance of moisture. Loose cable ends on the reels should be

securely re-fastened to the reel flange and should not be allowed to lie on the ground.

5.3 Equipment maintenance

For accuracy of cable tests, periodic maintenance tests and calibrations should be performed on the
test equipment. These procedures should follow the manufacturers’ recommended practices. A label
showing the latest calibration date should be affixed to the instrument. For some applications, it may
be desirable to use outside certifications traceable to the National Institute of Standards and

Technology or other recognized testing agencies or bureaus.

5.4 Tests covered by the recommended practice

This recommended practice covers equipment and procedures for the following tests:

— DChi-pot (dc leakage)

— DC withstand

— AC withstand

— Conductor resistivity and continuity

— Mechanical integrity inspection

—  Partial discharge (PD)

— Very low frequency (VLF)/Tan-delta (TD)

— Wellhead penetrator/Pothead dc hi-pot (dc leakage)

—  Qualification testing for encapsulating materials
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5.5_Additional test equipment

In addition to the tests covered in this document, additional test equipment is available. A brief

description of various test equipment follows.

5.5.1 Insulation resistance (IR) meter

Resistance-measuring instruments by themselves are not recommended for testing the reliability of
ESP cable. The output voltage is insufficient to establish a conductive path across insulation defects

and will only indicate gross defects.

Insulation resistance measurements are used as the cable is being lowered into the well. These
readings provide an indication to the systems reliability. As the unit is lowered into the well, IR can

be expected to gradually drop off due to the increase in well temperature.

Insulation resistance measurements can be used as a go/no-go indicator prior to other tests discussed

in this document.

5.5.2 Time-domain reflectometer (TDR)

Time-domainreflectometers{TDRs) use high-frequency pulses to detect anomalies in the cable. A

TDR sends a pulse down the cable, and then the reflective signal is measured. This measurement
indicates where the fault should be located. The TDR requires interpretation from an experienced

operator. Because of the high inductance in spooled cable, TDR sometimes is ineffective in locating a

fault when cable is on the reel, particularly in lead jacketed cable. In these cases, bridge-type fault

location can be more effective.

Communication-type TDRs are designed for low-voltage cable and will not detect minor faults in
high-voltage insulation. The power-type TDRs impress a larger voltage on the cable to overcome

insulation resistance before the impulse is applied and measured.
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In some installations it is helpful to capture a TDR “fingerprint” once the cable is landed. This is

then used as a baseline for comparison purposes after a fault is identified in the downhole

equipment. It is important to note that the fingerprint should be updated each time the string is

removed from the well and re-run. For example, the addition of a packer requires, in most instances,

a packer penetrator be added to the cable string. This changes the characteristics of the cable string,

and a new baseline fingerprint should be captured.

5.5.3 Bridge-type fault locator

A bridge-type fault locator uses a balancing bridge in conjunction with high dc voltage to measure
conductor impedance (distance) to a fault. This is one of the least destructive types of fault-locating
equipment, and it is relatively effective. However, if a high-impedance resistance fault is present,

this device may not be effective. This test device is also referred to as a Murray loop bridge.
5.5.4 Thumper

A high-voltage capacitive discharge is applied to a cable when using a thumper. It is sometimes
used to break down conductor insulation to locate a fault. However, this approach creates extreme
stress on the cable insulation. If improperly used, it can create faults in otherwise good cable. This
method is normally not recommended for testing cable and should only be used by experienced

personnel for isolating the fault location. Additional safety considerations may be required.

It should be noted that the use of the thumper can destroy evidence of the failure mechanism as the

insulation is burned away. This may prevent forensic analysis and accuracy of fault identification

and may lead to repeated failures.

5.5.5 High-voltage fault burn

Either ac or dc voltage (generally 5 kV to— 10 kV) is applied to a faulted cable. The voltage is allowed

to remain until the fault location becomes obvious.
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It should be noted that a fault burn can destroy evidence of the failure mechanism as the insulation

is burned away. This may prevent forensic analysis and accuracy of fault identification and may

lead to repeated failures.

6. DC hi high-pot test methods

6.1 Overview

Direct current (dc) high potential testing has been used for decades as a means to detect gross

damage or significant weakness in dielectric materials. It is highly adaptable to field testing, as the

required equipment is lightweight and portable. The test consists of the application of a high-voltage

dc voltage between the conductor and a grounded external plane for a duration of time (typically 5

min or more). Leakage current measurements taken from the test may be used to determine the basic

strength of the dielectric system and the overall insulation resistance (IR). This test is not likely to

uncover more subtle conditions such as voids in the insulation, minor damage, or the presence of

water treeing. In addition, leakage current values at a specific voltage can be subject to variances due

to humidity, as well as the preparation method and physical orientation of the cable ends. These

values are also highly dependent on the temperature of the cable at the time of the test. These factors

should be taken into consideration when interpreting the results.

Although IEEE Std 400.1™ [B12] is not an applicable guide in assessing the condition of electric

submersible pump (ESP) cable, by adopting some principles set forth in IEEE Std 400.1 and applying

others developed from field experience, this recommended practice will assist those persons with

the responsibility of determining the dielectric condition of this type of cable.

Unless otherwise noted, electrical tests described in ANSI/NEMA WC71/ICEA S-96-659, Part 7

Testing and

Test Methods should be performed per that standard. 1]

1 nformation on references can be found in Clause 2.
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6.2 Precautions

Barriers, enclosures, or watchmen should be used to help prevent anyone from coming into
accidental contact with the cable during testing. The ends require separation from all elements not

subject to test by distances not less than 15 cm (5.9 in).

WARNING

Distances for personnel safety will be significantly greater_than 15 cm (5.9 in). Users shall comply

with all applicable safety codes.

To improve the accuracy of the test, it is desirable to reduce corona leakage current at the bare metal
extremities of the cable by covering these with plastic bags, silicone sealant, electrical putty, or

immersing in electrical grade oil to reduce stress concentrations.

Environmental conditions as outlined in 5.1.2 can cause erroneous meter readings. In addition,
conducting cable tests when there is high humidity, when it is snowing or raining, or when actual
precipitation is present on cable surfaces can be hazardous to equipment and personnel due to the

likely chance of flashover.
6.3 DC high potential tester (hi-pot)

Selection of the hi-pot tester should be based on the following:

Eeui bould d
— The maximum voltage required

— Means of increasing voltage continuously or in small steps from zero to the maximum

limit
—  Output voltage regulation

— Filtered dc voltage output
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— Voltage and current indicators (current indicator should read in microamperes)
— Negative polarity to the cable conductor
—  Minimum meter accuracy of 2% full scale

— A ground position for discharging the cable
6.4 Equipment setup

Check the operation of the test set in accordance with the manufacturers’ recommendations. The
equipment leakage current indication can be checked by connecting a short piece of small
uninsulated wire to the test lead. Raise the voltage until corona is heard on the ends of the wire, and
check for a current reading on the microampere meter. Then isolate the test lead and cover with
plastic material, if necessary, to reduce corona. Raise the voltage to the test value. If leakage current

in the test equipment is substantial, test leads should be checked for damage and cleanliness. If

substantial leakage current remains, this current should be measured and subtracted from the test-

current readings.

6.5 Procedures

Remove approximately 30 cm (12 in) of armor and outer coverings from each cable end to expose
clean insulation. Then separate and spread phase conductors as shown in Figure 2. Remove
approximately 2.5 cm (1 in) of insulation from phase conductors at the test set end; and buff the
exposed metallic conductors. Clean the exposed insulation with a clean cloth and/or a nonresidue-

approved solvent to help minimize stray current and help prevent flashover.
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1. Do not remove conductor
insulation.

2. You may need to insulate conductor
ands to reduce strav leakage currant,

3 kV Cable Maintenance Test = 11 kV dc
5 kV Cable Maintenance Test = 14 kv dc
8 kV Cable Maintenance Test = 18 kV dc

Voltage Current

ARMORED CAELE
s

of remove conductor insulation. | J

N
2. Youmay need to te conduetor
gnds fo reduce stray leakage rent.

3 kV Cable Maintenance Test = 11 KV de
5 kV Cable Maintenance Test = 14 kW dc

Figure 2—High-voltage dc cable test conditions

Each conductor should be tested separately with the remaining conductors, armor, and any lead

jacket grounded. The ground lead for the test set should also be connected to the power-source

ground, supporting metallic structures, and the cable armor_and lead jacket.
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Before applying the test voltage, the cable should be allowed to cool to ambient surface temperature.
The voltage may be increased continuously or in steps to the maximum test value. If increased
continuously, the rate should be approximately 1 kV/s. This rate helps avoid impulse stresses on the
insulation. If the step method of voltage increase is employed, a minimum of three steps is desirable.
Duration at each step should be long enough for the current to reach a steady value (a minimum of 1

min) before taking a current reading. Apply voltage slowly to prevent an off-scale meter indication.

Maximum test voltage should be maintained for a minimum of 5 min sinutes. Conductance leakage

should be noted at 1 min intervalsfor5-min-and-after-the- maximum-test voltage has-beenreached.

Figure 3 depicts a typical step voltage test sequence for maintenance testing. Table 2 through Table 9

indicate the recommended maximum steady-state leakage current. These values are based on theory

developed by Durham et al. [B10 B5].
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Figure 3—High-voltage dc step test

At the completion of the test period, the voltage can be reduced by returning the voltage control of

the test equipment to zero. The voltage on the cable will discharge through the internal resistance of

the test equipment. Normally this resistance has a very high ohmic value and the discharge time will

be very long, especially for cables longer than a few hundred meters. A long discharge time may be

impractical. Furthermore, directly grounding the cable with zero resistance while the voltage is at an

elevated level can damage the cable. To discharge longer lengths of cable safely, separate grounding

systems with built-in high-voltage discharge resistance designed to provide a time constant of

several seconds or longer can be used. In all cases, discharge mechanisms should be designed to

safely handle the test voltage and energy stored in the cable under test.

After the test voltage is reduced to a low level, the high-voltage conductor should be solidly

grounded. The grounding provision used after a test should have no resistance included and be

rated for the maximum fault current and fault duration of the system. The ground lead should be

attached to the conductor under test for sufficient time to allow the conductor to discharge (a

minimum of two times the length of the final voltage step).

The test may be conducted dry or wet on armored cable. However, on unarmored cable, the entire

assembly must be submerged in a conductive solution (e.g., water or brine solution).-
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