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Abstract: Induced voltage working procedures for underground transmission circuits are 
established in this guide. A transmission circuit when de-energized will have an induced voltage 
when in a common duct bank with an energized circuit. The induced voltage may be a possible 
safety hazard. The induced voltage may be determined by modeling the circuits and by 
measurement. This guide addresses the working procedures to follow when performing work 
where induced voltage is present. 
Keywords: cable, duct bank, equipment, grounding, IEEE 1727™, induced voltage, jointing, 
underground transmission 
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Notice to users 

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 

This document is copyrighted by the IEEE. It is made available 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 this 
document available for use and adoption by public authorities and private users, the IEEE does not waive 
any rights in copyright to this document. 

Updating of IEEE 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Users of IEEE Standards documents should be aware that these documents may be superseded at any time 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. 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://standards.ieee.org/index.html or 
contact the IEEE at the address listed previously. For more information about the IEEE Standards 
Association or the IEEE standards development process, visit IEEE-SA Website at 
http://standards.ieee.org/index.html. 

Errata 

Errata, if any, for this and all other standards can be accessed 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. 
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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 1727-2013, IEEE Guide for Working Procedures on Underground 
Transmission Circuits with Induced Voltage. 

As the need for greater power capacity increased the locations where overhead transmission lines could be 
built to deliver this power to the users were restricted or eliminated by surrounding communities. This 
resulted in increasing numbers of underground transmission circuits. As the need for additional capacity 
continued, the instances of parallel transmission circuits also increased due to the limited locations 
available for construction of new underground transmission lines.  

Typically while performing operations and maintenance tasks on an existing line, parallel lines would 
remain energized. Utilities became aware of the problem of induced voltages in the situation where the 
parallel lines were very close. Because there were no industry guidelines or standards for these situations a 
utility conducted surveys of their peers to determine what others were doing. These surveys resulted in the 
recognition of the need for a standardized approach to this problem. A working group was formed to 
address this need.  

This guide addresses this lack of standards by detailing working procedures that when used, help to ensure 
a safer working environment for workers performing tasks where induced voltages are present from parallel 
underground transmission lines in a common duct bank. 
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IEEE Guide for Working Procedures on 
Underground Transmission Circuits 
with Induced Voltage 

IMPORTANT NOTICE: IEEE Standards documents are not intended to ensure safety, health, or 
environmental protection, or ensure against interference with or from other devices or networks. 
Implementers 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. 

This IEEE document is made available for use subject to important notices and legal disclaimers.  
These notices and disclaimers appear in all publications containing this document and may  
be found under the heading “Important Notice” or “Important Notices and Disclaimers  
Concerning IEEE Documents.” They can also be obtained on request from IEEE or viewed at 
http://standards.ieee.org/IPR/disclaimers.html. 

1. Overview 

1.1 Scope 

This guide establishes induced voltage working procedures for underground transmission circuits. A 
transmission circuit when de-energized will have an induced voltage when in a common duct bank with an 
energized circuit. The induced voltage may be a possible safety hazard. The induced voltage may be 
determined by modeling the circuits and by measurement. This guide addresses the working procedures to 
follow when performing work where induced voltage is present. 

1.2 Purpose 

The purpose of this guide is to establish working procedures for de-energized underground transmission 
circuits where induced voltage is present. The guide will describe working procedures to use under this 
condition.  
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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. 

Accredit Standards Committee C2-2007, National Electrical Safety Code® (NESC®).1, 2 

CSA – C22.3 #7, Canadian Standards Association Underground Systems.3 

OSHA 29 CFR 1910.303, Subpart S—Electrical. paragraph. 303(g)(2)(i)(A) – Guarding of Live Parts4 

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.5 

The definitions and terminology used herein apply specifically to working procedures on underground 
transmission circuits. 

cable jacket: A polymeric insulating material that is extruded over the outside of a cable for corrosion 
protection and mechanical protection of the cable. 

cable metallic shield: metallic tapes, concentric wires, or sheath on the outside of the cable insulation and 
semi-conducting insulation shield. The functions of the cable metallic shield are to provide a low resistance 
path for cable charging current and fault current. The terminology metallic sheath is used in this document.  

ground: A conducting connection, whether intentional or accidental, by which an electric circuit or 
equipment is connected to the earth or to some conducting body of relatively large extent that serves in 
place of the earth. 

ground electrode: A conductor imbedded in the earth and used for collecting ground current from or 
dissipating ground current into the earth. 

grounding connection: A connection used in establishing a ground and that consists of a grounding 
conductor, a grounding electrode and the earth (soil) that surrounds the electrode or some conductive body 
which serves instead of the earth. 

grounding system: Consists of all interconnected grounding connections in a specific area. 

 

                                                 
1 National Electrical Safety Code and NESC are both registered trademarks and service marks of The Institute of Electrical and 
Electronics Engineers, Inc. 
2 The NESC is available from The Institute of Electrical and Electronics Engineers at http://standards.ieee.org/. 
3 CSA publications are available from the Canadian Standards Association (http://www.csa.ca/). 
4 OSHA publications available from http://www.osha.gov. 
5IEEE Standards Dictionary Online subscription is available at: 
http://www.ieee.org/portal/innovate/products/standard/standards_dictionary.html. 
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3.2 Acronyms and abbreviations 

C cutting a line 

CSA Canadian Standards Association 

J jointing or splicing two cables 

NESC National Electrical Safety Code 

OSHA Occupational Safety and Health Administration 

P pulling a new cable length 

SVL sheath voltage limiter 

T terminating a line  

USA United States of America 

4. Safety/Warning 

4.1 Safety 

Induced voltages present a safety hazard to the workers on underground transmission circuits. The 
magnitude of the induced voltages depends on many different parameters. Some of these parameters are the 
configuration of the cables of the energized line, distance between the energized line and the new line, 
length of the individual sections and where the splices are being made. Care shall be taken to ground the 
conductors being installed and the sheaths of those conductors. Uses of continuous grounds or ground rods 
in manholes are good locations for this purpose. Care shall be taken to ensure that the size of the 
connecting ground leads and the associated hardware are suitable to deal with the fault currents at 
individual locations. Workers shall verify that appropriate gloves, boots, and other safety gear are being 
used during work. Induced voltages occur not only on the cable being installed but also on the winch cable 
that is pulled into the duct. Appropriate grounding shall be provided for the winch cable, winch truck and 
the truck carrying the cable reel. 

4.2 Safe voltage 

The recommended voltage to determine if protective equipment and tools are needed is based on the 
Federal, State, other agencies, and National Electrical Safety Code ® (NESC®) (Accredited Standards 
Committee C2-2007).6 The NESC requires that employees be protected from energized parts (2.b.-Section 
441). Currently in the USA, OSHA 29 CFR 1910.303, Subpart S recommends that live parts that are 50 
volts or more shall be guarded from accidental contact (2.c). One acceptable method of guarding is to 
enclose the part in a location accessible only to qualified persons (2.c). The CSA states a qualified person is 
familiar with the construction and operation of the apparatus and the hazards involved (2.a). The NESC 
(2.b – Section 441) has an equivalent definition that also states that an individual supervised by a qualified 
person, is also qualified, highlighting the importance of training and knowledge. This guide considers 
voltages below 50 V as the safe voltage range for qualified persons as implied by OSHA 29 CFR 1010.303, 
Subpart S and the NESC. There are readily available research documents and other standards which 

                                                 
6 Information on references can be found in Clause 2. 
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support this conclusion. Applicable national standards should be consulted to determine the corresponding 
safe voltage when work is performed in other countries.  

4.3 Warnings 

Appropriate warning signs shall be posted around the winch truck, cable reel truck and on top of the 
manholes during cable pulling operation. Pre job briefings shall be held every day with the assigned field 
crews to help ensure that they fully understand the safety issues and the importance of the safety signs to 
protect them and the public. 

4.4 Grounding 

Proper grounding is important during cable pulling and splicing operations. The use of continuous grounds 
or ground rods in the manhole is recommended. During cable pulling, at least the following should be 
grounded 

 Winch Truck 

 Winch Rope (use a grounded roller ) 

 Cable reel truck 

Proper gloves and safety equipment shall be in use whenever contact is made between separately grounded 
equipment and cables. Prior to splicing operations, it is important to follow the proper grounding 
procedures as required by the splice manufacturer or as described in the following sections.   

4.5 Grounding methods 

The grounding method used should be chosen after a complete and detailed study of the maximum induced 
voltage and current. The study should also be verified by field measurements where possible. 
Considerations should also include the user’s own grounding practices and circuit grounding arrangement.  

4.6 Grounding methodologies 

Three grounding methodologies are presented in 4.6.1, 4.6.2, and 4.6.3. For comparison purposes the 
advantages, disadvantages, and risks associated with these methods are presented in Table 1.  

4.6.1 Open and Isolate all phases and sheath wires at both ends of the underground 
section, ground only at the work location (single point) 

This method must only be used when all possibility of inadvertent energization has been removed or 
eliminated. Creating a physical open (i.e., removed cable section) between the conductor being worked on 
and all possible sources, covering of the termination with an insulating blanket (Figure A.8), and installing 
nets to prevent overhead energized conductors from dropping onto the terminations should be considered 
depending on the local conditions. Using a local ground, an Equipotential Zone must be created at the 
worksite. All metallic objects within reach should be bonded to this local ground. Care shall be taken not to 
break any bonding leads or local grounding connections without using proper insulating gloves and tools 
and/or bonding shunts around the open to be created. 
 
This method requires removal of all of the sheath connections to grounds external to the manhole and/or 
creating open points in the sheath in the adjacent manholes e.g., removal of the cross bonding links and 
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removal of the SVL’s in the adjacent manholes. The opening of the terminations and lifting of all grounds 
will make all the circulating currents negligible.  
 
When done properly, this creates an Equipotential Zone at the worksite with the single point ground. In this 
case, the cutting of the cable with a grounded saw will offer no sparking and no parallel path with high- 
circulating currents. 

It must be determined that the only ground is at the work location and that all other grounds have been 
removed (single-point ground), see Figure 1; otherwise unacceptable circulating currents will exist and 
create hazardous conditions for the worker as described in the previous paragraph. To improve safety this 
method is recommended. 

 
Figure 1 —Single-point grounding 

 

4.6.2 Ground all phases and metallic sheath at both ends of the underground section 

The reason for grounding at the termination ends is to provide protection in case the line is inadvertently 
energized. The result of grounding at both ends is that the highest circulating currents are created in the 
conductor and metallic sheath of the de-energized circuit (see Figure 2). For example, the modeling of a 
double circuit 230 kV duct bank with grounds on both ends of the de-energized circuit with 1000 A flowing 
in the parallel energized circuit produced circulating current in the conductor of the de-energized circuit of 
over 100 A. The continuous cross-bonded sheath had over 50 A of circulating current. This presents a 
hazard to personnel assigned to work in this situation. Anyone who cuts the cable, lifts the sheath, or 
replaces a sheath voltage limiter (SVL) will face a very high probability of becoming part of the circulating 
current path. Cutting the conductor under these conditions would present a significant probability of arcing 
and the likelihood of injury. This is not a safe method and is not recommended. 
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Figure 2 —Grounding at both ends 

4.6.3 Ground all phases and sheath wires at one end only of the underground section 

The result of opening the ground at one end of the sheath wires and grounding only at the other end creates 
a condition whereby inadvertent contact at any second location creates instantaneous current flow in the 
person. This is not a safe method and is not recommended. 
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