
Public Input No. 3085-NFPA 70-2023 [ Global Input ]

This Global Public Input is for all Technical Committees and review their informational notes
and the requirements in the NEC Style Manual Section 2.1.10 for informational notes.

Statement of Problem and Substantiation for Public Input

This Global Public Input is for all Technical Committees and review their informational notes and the 
requirements in the NEC Style Manual Section 2.1.10 for informational notes.
2.1.10.3 Format. Informational notes shall be structured as shown in the example, using the word “See” 
followed by the reference standard, the title of the standard and section if used, and an explanation for the 
reference.
Example:
"See" "Referenced Standard", "Standard Title", "Section Number", "Explanation of the reference"
Informational Note: See NFPA 101, Life Safety Code, 7.8, for illumination of means of egress.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  Chad 
Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 29 11:15:17 EDT 2023

Committee: NEC-P01

Copyright Assignment

I, David Williams, hereby irrevocably grant and assign to the National Fire Protection Association (NFPA) all and full rights in
copyright in this Public Input (including both the Proposed Change and the Statement of Problem and Substantiation). I
understand and intend that I acquire no rights, including rights as a joint author, in any publication of the NFPA in which this
Public Input in this or another similar or derivative form is used. I hereby warrant that I am the author of this Public Input and that
I have full power and authority to enter into this copyright assignment.

 By checking this box I affirm that I am David Williams, and I agree to be legally bound by the above Copyright Assignment
and the terms and conditions contained therein. I understand and intend that, by checking this box, I am creating an electronic
signature that will, upon my submission of this form, have the same legal force and effect as a handwritten signature
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Public Input No. 3086-NFPA 70-2023 [ Global Input ]

This Global Public Input is being submitted on behalf of the NEC Correlating Committee
Usability Task Group in order to provide correlation throughout the document.
Articles may need to be revised to comply with the NEC Style Manual Section 2.2 for
Numbering Conventions. 

Statement of Problem and Substantiation for Public Input

This Global Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task 
Group in order to provide correlation throughout the document.
Articles may need to be revised to comply with the NEC Style Manual Section 2.2 for Numbering 
Conventions. The Changes in 2.2.1 are requirements that may need to be revised.
2.2.1 Parallel Numbering Required. Technical committees shall use the following section numbers for the 
same purposes within articles. This requirement shall not apply to Articles 90, 100, and 110. If the article 
does not contain listing or reconditioning
requirements, the subdivisions shall not be included in the article.
Required Parallel Numbering Format
XXX.1 Scope.
XXX.2 Listing Requirements.
XXX.3 Reconditioned Equipment.
XXX.3(A) Permitted to be Installed.
XXX.3(B) Not Permitted to be Installed.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  Chad
Kennedy and  David Williams.

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 29 11:17:37 EDT 2023

Committee: NEC-P02

Copyright Assignment

I, David Williams, hereby irrevocably grant and assign to the National Fire Protection Association (NFPA) all and full rights in
copyright in this Public Input (including both the Proposed Change and the Statement of Problem and Substantiation). I
understand and intend that I acquire no rights, including rights as a joint author, in any publication of the NFPA in which this
Public Input in this or another similar or derivative form is used. I hereby warrant that I am the author of this Public Input and that
I have full power and authority to enter into this copyright assignment.

 By checking this box I affirm that I am David Williams, and I agree to be legally bound by the above Copyright Assignment
and the terms and conditions contained therein. I understand and intend that, by checking this box, I am creating an electronic
signature that will, upon my submission of this form, have the same legal force and effect as a handwritten signature
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Public Input No. 3099-NFPA 70-2023 [ Global Input ]

Add InformaƟonal Notes to Scopes idenƟfying ArƟcle specific and/or important definiƟons in one of the

following formats:

Format A – the style used in NFPA Link’s Enhanced Content material:

InformaƟonal Note No. x: DefiniƟons. Each of the following terms has a definiƟon in ArƟcle 100 that is

unique to its use in “ArƟcle xxx”:

Term 1

Term 2

Term 3

…

If needed:

InformaƟonal Note No. y: DefiniƟons. Each of the following terms has a definiƟon in ArƟcle 100 that

appears in several arƟcles but is important in its use in “ArƟcle xxx”:

Term a

Term b

Term c

…

Format B – the style used in several places within the NEC itself:

InformaƟonal Note: See ArƟcle 100 for definiƟons of Term 1, Term 2, and Term 3 . . .

Statement of Problem and Substantiation for Public Input

The change to locations of definitions in the 2023 Edition of the NEC was controversial for many people 
because it reduced usability.  Even though other NFPA codes and standards use this structure and was 
stated as a justification to the change in the ‘NEC Style Manual’ (some NFPA codes and standards include 
definitions within articles *), many believe this relocation leads to confusion among users, especially for 
those articles that are specialty topics – i.e., the articles in Chapters 5 through 8. There are over 37 pages 
of definitions in Article 100 to search through.

Common language terms often have more specific meanings within an article. One only needs to look at 
the multiple definitions for ‘Portable Equipment’ to get a sense of this issue.  While the term ‘Directly 
Controlled Emergency Luminaire’ used in Article 700 seems self-explanatory, the actual definition is quite 
important.  Without the proximate reference within Article 700, that distinction is not clear.  

Article 200 does the following:
200.1 Scope.
This article provides requirements for the following:
(1) Identification of terminals
(2) Grounded conductors in premises wiring systems
(3) Identification of grounded conductors
Informational Note: See Article 100 for definitions of Grounded Conductor, Equipment Grounding
Conductor, and Grounding Electrode Conductor.

Article 380 also adds a definition reference in an Informational Note to the scope.
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There are approximately 30 references to Article 100 definitions within specific sections of the Code.

Under the current structure, important specialty definitions are lost in the sheer size of the Article 100 list. 
The usability of the NEC has been damaged, and users of specialty articles in Chapters 5 through 8 need 
help with this structure.

To restore the usability of the NEC, what is needed is a way to clearly identify and point to specialty 
definitions in a standardized location within articles (like we used to have with the .2 sections), while 
leaving the definitions themselves in Article 100.  NFPA Link and the NEC Handbook add this information 
as Enhanced Content.  Additionally, this “definition identification” model has proven its usability in other 
codes such as NFPA 1, NFPA 99, and NFPA 101.  The NEC deserves no less.
* Example:  NFPA 101 – Section 6.1.2.1 ‘Assembly Occupancy’ is one of several definitions in an Article; 
and in this instance it is duplicated from 3.3.205.2].  In fact, there are multiple definitions throughout NFPA 
101.

Submitter Information Verification

Submitter Full Name: Mitchell Hefter

Organization: Signify

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 29 11:45:19 EDT 2023

Committee: NEC-P15

Copyright Assignment

I, Mitchell Hefter, hereby irrevocably grant and assign to the National Fire Protection Association (NFPA) all and full rights in
copyright in this Public Input (including both the Proposed Change and the Statement of Problem and Substantiation). I
understand and intend that I acquire no rights, including rights as a joint author, in any publication of the NFPA in which this
Public Input in this or another similar or derivative form is used. I hereby warrant that I am the author of this Public Input and that
I have full power and authority to enter into this copyright assignment.

 By checking this box I affirm that I am Mitchell Hefter, and I agree to be legally bound by the above Copyright Assignment
and the terms and conditions contained therein. I understand and intend that, by checking this box, I am creating an electronic
signature that will, upon my submission of this form, have the same legal force and effect as a handwritten signature
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Public Input No. 4050-NFPA 70-2023 [ Global Input ]

Review the terms regarding overcurrent protection and determine if the correct term is being
used. 

(1) Branch-Circuit Overcurrent Protective Device

(2) Current-Limiting Overcurrent Protective Device

(3) Current-Limiting

(4) Current-Limiting Overcurrent

(5) Overcurrent Protection

(6) Overcurrent Protection Device

(7) Overcurrent Protective Device

(8) Supplementary Overcurrent Protective Device

(9) Supplementary Overcurrent Protection

Statement of Problem and Substantiation for Public Input

The defined terms regarding overcurrent protection need to be reviewed by all code making panels and 
determine if the correct term is being used. The code has too many terms regarding overcurent protection, 
some that are defined and some that are not defined. These terms are often used interchangeably in the 
wrong context.

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Wed Sep 06 14:59:12 EDT 2023

Committee: NEC-P10

Copyright Assignment

I, David Williams, hereby irrevocably grant and assign to the National Fire Protection Association (NFPA) all and full rights in
copyright in this Public Input (including both the Proposed Change and the Statement of Problem and Substantiation). I
understand and intend that I acquire no rights, including rights as a joint author, in any publication of the NFPA in which this
Public Input in this or another similar or derivative form is used. I hereby warrant that I am the author of this Public Input and that
I have full power and authority to enter into this copyright assignment.

 By checking this box I affirm that I am David Williams, and I agree to be legally bound by the above Copyright Assignment
and the terms and conditions contained therein. I understand and intend that, by checking this box, I am creating an electronic
signature that will, upon my submission of this form, have the same legal force and effect as a handwritten signature
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Public Input No. 4287-NFPA 70-2023 [ Global Input ]

Clearly identify any requirements which are not applicable to DC circuits by incorporating the
recommended terminology as applicable:

“Applicable to…[ac][single-phase][three-phase][wye][delta] circuits only”.

“Not applicable to dc circuits”

“[Volts] ac only”

Other terminology that clearly applies to a specific ac (or dc) application, such as through a defined
term or unique equipment.

Statement of Problem and Substantiation for Public Input

This Public Input is submitted on behalf of a Correlating Committee DC Task Group consisting of Danish 
Zia, Jason Fisher, Randy Dollar, Larry Wildermuth, Scott Higgins, Scott Harding, Mark Earley, Jason 
Hopkins, Christopher Vance, Chad Kennedy and Derrick Atkins. This Public Input, along with other Public 
Inputs, was developed with the goal of improving usability and accuracy on requirements associated with 
DC circuits.

DC residential and commercial installations are emerging in the electrical infrastructure and are expected 
to be a growing alternative to the traditional AC utility fed building.  Examples include the US DOE Grid-
interactive Efficient Buildings project (Note 1), the Purdue University RENEWW house (Note 2), and a DC 
Microgrid community in Vermont (Note 3).  These installations may involve buildings that are distributed 
entirely with DC, or with an AC/DC hybrid distribution.

Although DC electrical distribution topics are covered by the NEC, the focus of most residential and 
commercial installations and the Code has historically been AC power.  Many requirements are written 
using AC terminology or referencing only AC technology, but without distinction as to whether the 
requirement is also applicable to DC circuits or installations.  Usage of terms such as “2-wire” and “3-wire”, 
or listing AC only voltages as informative references without appropriate mandatory language or further 
clarification may not provide sufficient clarity as to whether a requirement applies to DC circuits.  This may 
leave the AHJ and other users of the Code confused.  This public input recommends that such 
requirements be reviewed and clarified using the recommended terminology proposed.

Note 1 - https://www.energy.gov/sites/default/files/2020/09/f79/bto-geb-project-summary-093020.pdf
Note 2 - https://engineering.purdue.edu/ME/News/2022/purdue-house-runs-entirely-on-dc-power
Note 3 - https://www.efficiencyvermont.com/Media/Default/docs/white-papers/Energy_Resilience.pdf

Submitter Information Verification

Submitter Full Name: Danish Zia

Organization: UL Solutions

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 09:28:38 EDT 2023

Committee: NEC-P01
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Copyright Assignment

I, Danish Zia, hereby irrevocably grant and assign to the National Fire Protection Association (NFPA) all and full rights in
copyright in this Public Input (including both the Proposed Change and the Statement of Problem and Substantiation). I
understand and intend that I acquire no rights, including rights as a joint author, in any publication of the NFPA in which this
Public Input in this or another similar or derivative form is used. I hereby warrant that I am the author of this Public Input and that
I have full power and authority to enter into this copyright assignment.

 By checking this box I affirm that I am Danish Zia, and I agree to be legally bound by the above Copyright Assignment and
the terms and conditions contained therein. I understand and intend that, by checking this box, I am creating an electronic
signature that will, upon my submission of this form, have the same legal force and effect as a handwritten signature
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Public Input No. 1624-NFPA 70-2023 [ Global Input ]

NOTE: This public input originates from Tentative Interim Amendment No. 23-9 (Log
1687) issued by the Standards Council on March 21, 2023 and per the NFPA Regs., needs
to be reconsidered by the Code-Making Panel for the next edition of the Document.

See attached TIA 23-9 (Log 1687) for revisions to the definition of "Pool" and to revise
Section 680.26.

Additional Proposed Changes

File Name Description Approved

TIA_1687_70_23_9.pdf NEC TIA 23-9 Log 1687 

Statement of Problem and Substantiation for Public Input

NOTE: This public input originates from Tentative Interim Amendment No. 23-9 (Log 1687) issued by 
the Standards Council on March 21, 2023 and per the NFPA Regs., needs to be reconsidered by the 
Code-Making Panel for the next edition of the Document.

Substantiation: This Tentative Interim Amendment (TIA) is proposed by a Task Group
appointed by NFPA staff pursuant to the decision of the Standards Council D#22-3 on Agenda
item SC#22-8-5-w-1 as voted 12 August 2022. This decision denied the underlying appeal, but
found that issues raised at the hearing relative to current research and loss experience required
“timely analysis.” Given the “highly technical nature” of the subject matter, the Council directed
that this Task Group be one that was “balanced” and that possessed the technical expertise to
evaluate the relevant research. As there is considerable controversy over this issue, the focus was
reaching common ground which would result in a practical compromise acceptable to the
participants.
The Task Group focused its attention on 680.26(B)(2) which covers the bonding of the surfaces
that make up the perimeter of a swimming pool. After extensive discussion, the Task Group is
proposing a complete rewrite of this material, as well as related material within the scope of
CMP 17. The detailed substantiation follows:
The Task Group considered action by inspectors in some jurisdictions that consider large bodies
of water with limited beaches, many acres in size, as pools because they are used for swimming.
In such instances, the perimeter bonding requirements have resulted in requirements to bury bare
solid 8 AWG around the entire perimeter of such bodies of water. These applications are clearly
covered in Article 682, and the revised text makes that clear.
The Task Group is also suggesting new Informational Notes in 680.26(A) that address general
performance issues. The Task Group emphasizes that the potential hazard in these areas results
from voltage gradients in the earth that can pose unique hazards to persons entering or exiting a
swimming pool or to persons simultaneously in contact with the perimeter surface and the pool
water, because wet skin has substantially decreased resistance to electric current.

The Task Group is aware that these gradients can originate on either side of the service point,
including on the utility side of that point. A new informational note points to the lack of
jurisdiction of the NEC in such cases, and identifies the NESC provisions that can allow for
reduction or elimination of such gradients from that source. A second informational note points
to the effects that corrosive environments can have on electrical components, including bonding
connections.
The remainder of the TIA addresses 680.26(B)(2) on “Perimeter Surfaces.” This location was the
focus of the Standards Council appeal, and it involved the most extensive discussions. The
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mandatory horizontal reach of these requirements, 900mm (3 ft), is unchanged. The task group
discussed at length increasing this distance to 5 ft , and decided against changing the mandatory
limit; however, the task group did agree to change the wording to “not less than” to emphasize
that the distance specified is not an upper limit, only the lower limit. It is important to recognize
that any horizontal measurement extends an island of stable voltage in a potential sea of
gradients. Addressing these could logically require extending the size of the island to encompass
the entire parcel of land, and that clearly would be impractical. The 3-ft parameter addresses the
enhanced exposure presented to swimmers entering or exiting a pool or to persons
simultaneously in contact with the perimeter surface and the pool water.
There is also a height parameter added that limits the reach to surfaces within 900mm (3 ft)
above the maximum water level and not over 600 mm (2 ft) below this level. The vertical limit
excludes surfaces that are out of reach of a swimmer (3 ft vertical reach from within the pool, or
what would end up being a reach across a pool wall and then 2 ft down to grade) and also
excludes aboveground pools that do not present a walk-off exposure. These were also excluded
in the public comment that put the appeal in motion. The 2 ft measurement also prevents
someone from making the distinction with a pool that is really an inground pool with a minor
upward extension from grade.
Nonconductive pool shells continue to omit the four-corner bonding connection rule as such
connections are impossible. However, there will be other more enhanced requirements in place.
Any perimeter surfaces that are included elsewhere in a bonding requirement must meet that
requirement, with the bonding to include a connection to an 8 AWG solid conductor that will
also make a connection to the water and any other bonded surfaces. It will also be connected to
any conductive support structure for the pool. The surrounding perimeter surfaces incorporate a
bonding requirement, and the wording here assures that such bonding includes other relevant
parts of the pool and the immediately surrounding perimeter locations.
A new informational note follows at this point that describes the principal remaining utility of
the single wire bonding connection, and that is to interconnect noncontiguous portions of a pool
that has stranded perimeter surfaces with intervening spaces that do not present an exposure
hazard from voltage gradients. A good example would be a pool with one wall that is on the edge
of a steep incline, one that precludes any entrance or exit from the pool from that side. The
remainder of the section is completely rewritten with four third level subdivisions [(a), (b), (c),
and (d). The first [(a)] one covers conductive paved portions of perimeter surfaces. The word
“conductive” in this case correlates with the use of equivalent terminology in 680.26(B)(1), and
thereby includes cast-in-place concrete, pneumatically applied or sprayed concrete, and concrete
block with painted or plastered coatings, and it recognizes the increased conductivity resulting
the proximity of water and the resulting permeability and porosity. The topic sentence also
expressly includes masonry pavers in this category.
The language includes prescriptive requirements on the reinforcing used in these surfaces, which
where used must comply with equivalent reinforcing applications for the pool itself in
680.26(B)(1)(a), or apply welded wire mesh. The mesh must be chaired up so as to be
completely embedded within the concrete placement. The text does allow for the use of fiber
reinforcement which precludes embedded conductive reinforcement. In such cases the grid must
be positioned below the concrete, but no more than 6 in. below finished grade. The “finished
grade” parameter was supposed to have been included in the 2023 NEC, but its inclusion was a
casualty of the Standards Council action to revert to previous edition text; it is now being
restored. A new informational note follows, explaining the effects of locating the bonding
elements as close to the surface as possible.
Also included are requirements for grids for equipotential bonding. Steel and copper show up
together, now with the same requirements, and the grade reference is corrected from the former
“subgrade” to the intended “finished grade” The equivalence between steel and copper is
intended, because a new requirement is added for a listing on this equipment with an appropriate
delayed effective date. The listing requirement would not apply to fully embedded steel
reinforcing because it is already subject to testing and identification under applicable standards
which address corrosion and mechanical performance, including for full embedding in concrete,
and because years of experience has shown that where fully embedded, traditional reinforcing
members which meet the applicable standards retain their integrity. A new informational note
here provides comprehensive background information on ASTM recognized classifications for
reinforcing steel as could be applied (contingent on a listing) in these applications.
The next third level subdivision [(b)] covers unpaved perimeter surfaces, leading off, in (1), with
the single bare 8 AWG conductor. The first five list items are unchanged from the 2023 NEC,
and are not in themselves controversial. Regarding the sixth list item, the Task Group did not
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reach any specific conclusion as to the comparative effectiveness of various bonding approaches.
As a compromise, the single wire is now to be allowed only under perimeter surfaces that do not
have “direct access to swimmers in the pool.” Any other perimeter surface required to be bonded
must now employ a grid bonding approach. Note that this phrasing carefully avoided the use of
related terms including “accessible” as covered in Art. 100; this usage generally correlates with
the limitations of these requirements to areas involved in the exposure of swimmers to voltage
gradients.
The other major topic here, in (2), covers the use of grids for equipotential bonding. Steel and
copper show up together, now with the same requirements as for paved surfaces, and here again,
the grade reference is corrected from the former “subgrade” to the intended “finished grade” The
next third level subdivision [(c)] covers a common-sense exemption from bonding to surfaces
that are nonconductive, and as such are inherently excluded from the potential propagation of
voltage gradients. This includes any perimeter surfaces that are electrically separated from the
pool structure and raised on nonconductive supports above a bonded surface. For example, this
latter type of construction is sometimes used for (but not limited to) pools on and in buildings
where the surrounding floor is inherently and securely bonded due to the concrete reinforcement,
but there is a walking surface consisting of individual tiles or nonconductive boards, separated
from each other and from the pool structure, and raised above the bonded floor on insulated
risers. Such an arrangement isolates the user of the perimeter surface from whatever might exist
in terms of voltage gradients.
The final third level subdivision [(d)] requires the interconnection of all bonded portions of
perimeter surfaces. If this were not so, the voltage on one part of the perimeter could differ from
another part. This in turn could allow a dangerous potential difference to exist between adjacent
parts of the perimeter, and thereby undermine the objectives of the other rules.
Emergency Nature: The proposed TIA intends to offer to the public a benefit that would
lessen a recognized (known) hazard or ameliorate a continuing dangerous condition or
situation.
As set forth in the underlying appeal that prompted the Standards Council to decree prompt
action on this matter, this TIA, in accordance with 5.4(d) of the Regulations, will “offer to the
public a benefit that would lessen a recognized hazard and ameliorate a continuing dangerous
condition or situation.” Indeed, the urgency of this matter informed the Council decision that
also required the Task Group to come to a conclusion and report by November 30, 2022 so the
Council could take action at its very next meeting in December. This TIA will make these
benefits generally available upon issuance and enforceable as soon as possible.

Submitter Information Verification

Submitter Full Name: CMP on NEC-P17
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Street Address:
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Public Input No. 4233-NFPA 70-2023 [ Definition: Appliance. ]

Appliance.

Utilization equipment, generally other than industrial, that is fastened in place, fixed, stationary,
or portable; is normally built in a standardized size or type; and is installed or connected as a
unit to perform one or more functions such as clothes washing, air-conditioning, food mixing,
deep frying, and so forth. (CMP-17)

Statement of Problem and Substantiation for Public Input

According to the current definition, an “Appliance” is utilization equipment, generally other than 
industrial, that is fastened in place, stationary, or portable... What about “Fixed”? Section 210.8(B)(7) 
was expanded in 2023 to address cord-and-plug-connected fixed or stationary appliances located 
within 6 feet of a sink.
UL 197 is the Standard for Commercial Electric Cooking Appliances and has several definitions 
pertaining to appliances in Section 2 including:
2.3 Appliance
2.4 Automatically Controlled Appliance
2.12 Equipment-Fixed
2.12 Equipment-Portable
According to UL 197, a Fixed appliance is “An appliance that is intended to be fastened in place or 
located in a dedicated space and is permanently wired to the branch circuit”.
In the 2023 NEC, the terms “fixed appliance” and “portable appliance” from Article 550 were merged 
with the Article 100 definition of “appliance” with the intent to make one definition of an appliance that 
incorporates everything. Unfortunately, this one definition doesn’t include the word “fixed” and doesn’t 
quite align with the appliance definitions provided in product safety standards, or mention how the 
appliance types are connected to power.
Since the current definition of “Fixed” only applies to Article 680 applications, I am submitting a related 
Public Input to delete the reference to Article (680) from the definition.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4229-NFPA 70-2023 [Definition: Fixed (as applied to
equipment).]

Submitter Information Verification

Submitter Full Name: Jeffrey Simpson

Organization: ElectricalLicenseRenewal.com

Street Address:
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Zip:
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Public Input No. 2350-NFPA 70-2023 [ Definition: Fixed (as applied to

equipment). ]

Fixed (as applied to equipment).

Equipment that is fastened or otherwise secured at a specific location. (680) ( CMP-17 1 )

Statement of Problem and Substantiation for Public Input

The term ‘fixed’ is used 266 times in the Code. This definition is a very common word that should apply 
in general and not just to Article 680 requirements. This definition should also fall under the purview of 
CMP-1.  The proposed revisions will enhance usability throughout the NEC. 
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Submitter Full Name: Mike Holt
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Zip:
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Public Input No. 4229-NFPA 70-2023 [ Definition: Fixed (as applied to

equipment). ]

Fixed (as applied to equipment).

Equipment that is fastened or otherwise secured at a specific location. (680) ( CMP-17)

Statement of Problem and Substantiation for Public Input

Delete the reference to Article (680) from the definition. Code readers need a definition of the word 
"Fixed" that can be applied throughout the code rather than being limited to only Article 680 
applications.
The term “Fixed” is used throughout the code, not just in Article 680 applications.
I am also submitting similar public inputs for the definitions of "Fastened-in-Place, "Stationary", and 
"Fixed-in-Place.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4228-NFPA 70-2023 [Definition: Stationary (as applied to
equipment).]

Public Input No. 4230-NFPA 70-2023 [Definition: Fastened-in-Place.]

Public Input No. 4231-NFPA 70-2023 [Definition: Fixed-in-Place.]

Public Input No. 4228-NFPA 70-2023 [Definition: Stationary (as applied to
equipment).]

Public Input No. 4230-NFPA 70-2023 [Definition: Fastened-in-Place.]

Public Input No. 4231-NFPA 70-2023 [Definition: Fixed-in-Place.]

Public Input No. 4233-NFPA 70-2023 [Definition: Appliance.]

Submitter Information Verification

Submitter Full Name: Jeffrey Simpson

Organization: ElectricalLicenseRenewal.com

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 01:39:52 EDT 2023

Committee: NEC-P17
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Public Input No. 901-NFPA 70-2023 [ Definition: Low-Voltage Contact Limit. ]

Low-Voltage Contact Limit.

A voltage not exceeding the following values:

(1) 15 volts (RMS) for sinusoidal ac

(2) 21.2 volts peak for nonsinusoidal ac

(3) 30 volts for continuous dc

(4) 12.4 volts peak for dc that is interrupted at a rate of 10 to 200 Hz

(680) ( CMP-17)

Statement of Problem and Substantiation for Public Input

This term is used in more locations than just Article 680, such as 555.38.

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Sat May 27 22:16:44 EDT 2023

Committee: NEC-P17
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Public Input No. 1678-NFPA 70-2023 [ Definition: Pool, Permanently Installed

Swimming, Wading, I... ]

Pool, Permanently Installed Swimming, Wading, Immersion, and Therapeutic.
(Permanently Installed Swimming, Wading, Immersion, and Therapeutic Pools)

Those that are constructed or installed in the ground or partially in the ground, and all pools
installed on or inside of a building, whether or not served by electrical circuits of any nature.
(680) (CMP-17)

Additional Proposed Changes

File Name Description Approved

rooftop_pool.jpg rooftop pool 

Statement of Problem and Substantiation for Public Input

This PI proposes to clarify the definition of a permanently installed pool.  The supporting picture shows 
a pool on the rooftop of a hotel.  A literal reading of the current definition does not consider this a 
permanently installed pool as it is not installed "inside of a building".  By adding "on" a building, there 
should be no question that this type of pool installation meets the definition.   

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Fri Jul 28 14:25:50 EDT 2023
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Public Input No. 1712-NFPA 70-2023 [ Definition: Pool, Permanently Installed

Swimming, Wading, I... ]

Pool, Permanently Installed Swimming, Wading, Immersion, and Therapeutic.
(Permanently Installed Swimming, Wading, Immersion, and Therapeutic Pools)

Those that are permanently constructed or installed in the ground or partially in the ground,
and all pools installed on the ground, above the ground, or inside of a building, whether or not
served by electrical circuits of any nature. with or without associated electrically powered
equipment. (680) (CMP-17)

Statement of Problem and Substantiation for Public Input

Input submitted to improve clarity and assumed intent. The objective of previous changes appeared to 
be an attempt to separate pools into two categories; permanent and storable; regardless of pool/water 
depth. Current definition uses a list included in a sentence to describe types of permanent pools and 
includes in ground, partially in ground, and pools inside buildings. That list does not include permanent 
pools installed on or above the ground. On ground and above ground pools are common.

Submitter Information Verification

Submitter Full Name: Donald Cook

Organization: Dewberry/Edmonds Engineering

Affiliation: self

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 29 16:02:43 EDT 2023

Committee: NEC-P17
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Public Input No. 234-NFPA 70-2023 [ Definition: Pool, Permanently Installed

Swimming, Wading, I... ]

Pool, Permanently Installed Swimming, Wading, Immersion, and Therapeutic.
(Permanently Installed Swimming, Wading, Immersion, and Therapeutic Pools)

Those that are constructed or installed in the ground or partially in the ground, and all pools
constructed or installed inside of a building, or on a building whether or not served by electrical
circuits of any nature. (680) (CMP-17)

Additional Proposed Changes

File Name Description Approved

Permanantly_installed_pools.pdf
Rooftop pools ON buildings rather than INSIDE 
buildings 

Statement of Problem and Substantiation for Public Input

Pools can be either  "installed" or "constructed" inside of buildings. But they can also be "installed" or 
"constructed" ON the outside of the building too! Rooftop pools come to mind. Is a rooftop pool 
considered INSIDE the building or ON the building? This could potentially cause different 
interpretations. A one-piece fiberglass pool that is set into the floor or roof by a lift or a crane would be 
considered "installed". But, a pool assembled of rebar, and sprayed or poured concrete would probably 
be better described as "constructed". These installations could happen INSIDE the building or ON the 
building. This definition needs to be revised to capture all of these various constructions and locations.

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jan 28 10:12:50 EST 2023

Committee: NEC-P17
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Public Input No. 2510-NFPA 70-2023 [ Definition: Pool, Permanently Installed

Swimming, Wading, I... ]

Pool, Permanently Installed Swimming, Wading, Immersion, and Therapeutic.
(Permanently Installed Swimming, Wading, Immersion, and Therapeutic Pools)

Those that are constructed or installed in the ground or partially in the ground, and all pools
installed inside of a building, and all pool not defied as storable, whether or not served by
electrical circuits of any nature. (680) (CMP-17)

Statement of Problem and Substantiation for Public Input

Revisions made for the 2023 edition inadvently removed pools such as rooftop pools and 
aboverground pools from the definition. Obviously it was not intended, but it needs to be fixed.

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 18 13:45:33 EDT 2023

Committee: NEC-P17
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Public Input No. 3695-NFPA 70-2023 [ Definition: Pool, Permanently Installed

Swimming, Wading, I... ]

Pool, Permanently Installed Swimming, Wading, Immersion, and Therapeutic.
(Permanently Installed Swimming, Wading, Immersion, and Therapeutic Pools)

Those that are constructed or installed in the ground

or
, partially in the ground, or completely above the ground, and all pools installed inside of a building,

whether or not served by electrical circuits of any nature. (680) (CMP-17)

Statement of Problem and Substantiation for Public Input

There are some permanant pools that are constructed completly above ground and should be 
included.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 3681-NFPA 70-2023 [New Definition after Definition: Pool,
Permanently Installe...]

revision of
definition

Public Input No. 3700-NFPA 70-2023 [Definition: Pool, Storable; used for
Swimming, Wading, or I...]

Public Input No. 3710-NFPA 70-2023 [Part II.]

Public Input No. 3719-NFPA 70-2023 [Section No. 680.20]

Submitter Information Verification

Submitter Full Name: Ronald Dalrymple

Organization: City of Schertz Texas

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 14:16:22 EDT 2023

Committee: NEC-P17
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Public Input No. 2205-NFPA 70-2023 [ Definition: Pool, Storable; used for

Swimming, Wading, or I... ]

Pool, Storable; used for Swimming, Wading, or Immersion (Storable Immersion Pool).
(Storable Pool)

Pools of any water depth installed entirely on or above the ground that are intended to be
stored when not in use and are designed for ease of relocation, regardless of water depth .
(680) (CMP-17)

Statement of Problem and Substantiation for Public Input

This PI makes no technical changes.  It only proposes to relocate the water depth language to the 
beginning of the definition for clarity and usability.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 14 15:08:16 EDT 2023

Committee: NEC-P17
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Public Input No. 3700-NFPA 70-2023 [ Definition: Pool, Storable; used for

Swimming, Wading, or I... ]

Pool, Storable; used for Swimming, Wading, or Immersion (Storable Immersion Pool).
(Storable Pool)

Pools installed entirely on or above the ground that are intended to be stored when not in use
and , are designed for ease of relocation, and do not require modifications to the pool site

regardless of water depth, or wiring system, pool does not have a pump, or pump has a longer built in

power cord over 3ft in length to allow for use of existing premises receptacles . (680) (CMP-17)

Statement of Problem and Substantiation for Public Input

This definition revision is to help clarify that not all above ground pools are meant to be storable. This 
goes with a new definition of semi-permanent pools to ensure they are bonded per section 680.26

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 3681-NFPA 70-2023 [New Definition after Definition: Pool,
Permanently Installe...]

new definition

Public Input No. 3695-NFPA 70-2023 [Definition: Pool, Permanently Installed
Swimming, Wading, I...]

revised
definition

Public Input No. 3710-NFPA 70-2023 [Part II.]

Public Input No. 3719-NFPA 70-2023 [Section No. 680.20]

Submitter Information Verification

Submitter Full Name: Ronald Dalrymple

Organization: City of Schertz Texas

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 14:22:43 EDT 2023

Committee: NEC-P17
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Public Input No. 211-NFPA 70-2023 [ Definition: Pool. ]

Pool.

Manufactured or field-constructed equipment designed to contain water on a permanent or
semipermanent basis and used by persons for swimming, wading, immersion, or therapeutic
purposes, but not including bodies of water incorporated as part of an industrial process or
lakes, lagoons, surf parks, or other natural and man-made bodies of water that may incorporate
swimming and swimming areas .(680) (CMP-17)

Informational Note: Natural and man-made bodies of water, which includes lakes, lagoons, surf
parks, or other similar bodies of water, are addressed in Article 682.

Statement of Problem and Substantiation for Public Input

This change in definition of "Pool" was approved by the Task Group addressing TIA 1867 for the 2023 
Edition, and is submitted for consideration by CMP-17 as a companion to the Task Group 
recommendations for changes to NEC 680.26(A) and NEC 680.26(B)(2), in the event the TIA is not 
adopted.

The Task Group's substantiation for the change herein is as follows (including the introductory 
material) and is submitted as substantiation for this change (copied from the TIA submission):

"This Tentative Interim Amendment (TIA) is proposed by a Task Group appointed by NFPA staff 
pursuant to the decision of the Standards Council D#22-3 on Agenda item SC#22-8-5-w-1 as voted 12 
August 2022. This decision denied the underlying appeal, but found that issues raised at the hearing 
relative to current research and loss experience required “timely analysis.” Given the “highly technical 
nature” of the subject matter, the Council directed that this Task Group be one that was “balanced” and 
that possessed the technical expertise to evaluate the relevant research. As there is considerable 
controversy over this issue, the focus was reaching common ground which would result in a practical 
compromise acceptable to the participants.

"The Task Group focused its attention on 680.26(B)(2) which covers the bonding of the surfaces that 
make up the perimeter of a swimming pool. After extensive discussion, the Task Group is
proposing a complete rewrite of this material, as well as related material within the scope of CMP 17. 
The detailed substantiation follows:

[Regarding this change in definition of "Pool"] "The Task Group considered action by inspectors in 
some jurisdictions that consider large bodies of water with limited beaches, many acres in size, as 
pools because they are used for swimming.  In such instances, the perimeter bonding requirements 
have resulted in requirements to bury bare solid 8 AWG around the entire perimeter of such bodies of 
water. These applications are clearly  covered in Article 682, and the revised text makes that clear."

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 212-NFPA 70-2023 [Section
No. 680.26(A)]

Companion submittal originally incorporated
as part of TIA.

Public Input No. 213-NFPA 70-2023 [Section
No. 680.26(B)(2)]

Companion submittal originally incorporated
as part of TIA.

Public Input No. 212-NFPA 70-2023 [Section
No. 680.26(A)]

Public Input No. 213-NFPA 70-2023 [Section
No. 680.26(B)(2)]
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Public Input No. 2862-NFPA 70-2023 [ Definition: Pool. ]

Pool.

Manufactured or field-constructed equipment designed to contain water on a permanent or
semipermanent basis and used by persons for swimming, wading, immersion, or therapeutic
purposes, but not including bodies of water incorporated as part of an industrial process or
lakes or lagoons , lagoons, surf parks, or other natural and man-made bodies or atrifically
made bodies of water that may incorporate swimming and swimming areas. (680) (CMP-17)

Informational Note: Natural and man-made artifically made bodies of water, which
includes lakes, lagoons, surf parks, or other similar bodies of water, are addressed in
Article 682.

Statement of Problem and Substantiation for Public Input

This PI proposed to correlate the definition of a pool.  The word "lake" is deleted as it is already 
included in the definition of "natural bodies of water".  "Man-made bodies of water" is deleted as it is 
not a defined term, and replaced with the defined term "artificially mad bodies of water".  

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 25 16:53:17 EDT 2023

Committee: NEC-P17
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Public Input No. 295-NFPA 70-2023 [ Definition: Pool. ]

Pool.

Manufactured or field-constructed equipment designed to contain water on a permanent,
seasonal, or semipermanent temporary basis and used for swimming, wading, immersion, or
therapeutic purposes, but excluding splash pads; and natural and artificially-made bodies of
water that incorporate swimming, wading or immersion areas . (680) (CMP-17)

Informational Note: Natural and artificially-made bodies of water such as lakes, lagoons, surf
parks, rivers, streams, aeration ponds, fish farm ponds, storm retention basins, treatment
ponds, irrigation channels, or other similar bodies of water are not considered to be pools. 

Statement of Problem and Substantiation for Public Input

• Use standardized terminology like "seasonal" and "temporary".
• Are not some storable pools of Article 680 Part III for very temporary immersion, wading and 
swimming usage?  "Permanent" and "semipermanent" are not necessarily applicable to storable 
pools?
• "Semipermanent"?  What’s next?  Article 595 for “Semipermanent Installations”?  Pangea was 
semipermanent as a continent!  Given the hydrological cycle, all water is permanent, short of the 
fusion of two hydrogen atoms with one oxygen atom. 
• "Splash pad" is defined separately in Article 100 and is included it the requirements of Article 680 
Part V, distinct from Parts II and Part III for pools.  

Submitter Information Verification

Submitter Full Name: Brian Rock

Organization: Hubbell Incorporated

Street Address:

City:

State:

Zip:

Submittal Date: Tue Feb 07 18:33:08 EST 2023
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Public Input No. 3994-NFPA 70-2023 [ Definition: Portable (as applied to

equipment). ]

Portable (as applied to equipment).

Equipment that is actually moved or can easily be moved from one place to another in normal
use. (680) (CMP-17)

Statement of Problem and Substantiation for Public Input

Both "portable" and "equipment" are already defined terms.  Combining two broad definitions to create 
a third broad definition only complicates the code.  The two previously mentioned definitions should be 
sufficient to provide understanding of what portable equipment is.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 3992-NFPA 70-2023 [Definition: Portable.]

Public Input No. 3992-NFPA 70-2023 [Definition: Portable.]

Submitter Information Verification
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Organization: Kings Electric Services

Street Address:
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Zip:

Submittal Date: Wed Sep 06 12:55:18 EDT 2023
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Public Input No. 2351-NFPA 70-2023 [ Definition: Stationary (as applied to

equipment). ]

Stationary (as applied to equipment).

Equipment that is not moved from one place to another in normal use. (680) ( CMP-17 1 )

Statement of Problem and Substantiation for Public Input

The term ‘stationary’ is used 62 times in the Code. This definition is a very common word that should 
apply in general and not just to Article 680 requirements. This definition should also fall under the 
purview of CMP-1.  The proposed revisions will enhance usability throughout the NEC.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 16 14:10:07 EDT 2023

Committee: NEC-P17
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Public Input No. 4228-NFPA 70-2023 [ Definition: Stationary (as applied to

equipment). ]

Stationary (as applied to equipment).

Equipment that is not moved from one place to another in normal use. (680) ( CMP-17)

Statement of Problem and Substantiation for Public Input

Delete the reference to Article (680) from the definition. Code readers need a definition of the word 
"Stationary" that can be applied throughout the code rather than being limited to only Article 680 
applications.
The term “Stationary” (as applied to equipment) is used throughout the code, not just in Article 680 
applications.
I am also submitting similar public inputs for the definitions of "Fastened-in-Place, "Fixed", and "Fixed-
in-Place.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4229-NFPA 70-2023 [Definition: Fixed (as applied to
equipment).]

Public Input No. 4230-NFPA 70-2023 [Definition: Fastened-in-Place.]

Public Input No. 4231-NFPA 70-2023 [Definition: Fixed-in-Place.]

Public Input No. 4229-NFPA 70-2023 [Definition: Fixed (as applied to
equipment).]

Public Input No. 4230-NFPA 70-2023 [Definition: Fastened-in-Place.]

Public Input No. 4231-NFPA 70-2023 [Definition: Fixed-in-Place.]

Submitter Information Verification

Submitter Full Name: Jeffrey Simpson

Organization: ElectricalLicenseRenewal.com

Street Address:
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State:

Zip:
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Public Input No. 3479-NFPA 70-2023 [ New Definition after Definition:

Concealed Knob-and-Tube Wi... ]

TITLE OF NEW CONTENT

Add the following new definition to Article 100

Conductive Pavement Heating System .  A system in which heat is generated by passing
current between electrodes embedded within the pavement material and through the pavement
material.  The pavement material may be primarily of concrete, or asphalt, or the like, and is
typically constructed as bridge structures, walks, steps, roads or parking areas. (426)
(CMP-17) 

Statement of Problem and Substantiation for Public Input

This is a new definition to be added as part of a new Part VI in Article 426 for electrically conductive 
pavement heating systems where the pavement is part of the heating circuit.  This new part in Article 
426 is to provide requirements for the safe installation of such systems that have been under 
development for several years with a number of installations completed for research purposes.  The 
definition is needed to establish the new term for understanding how the requirements are to be 
applied to these new innovative snow melting and deicing systems.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4168-NFPA 70-2023 [Article 426] New part using defined term.

Public Input No. 4168-NFPA 70-2023 [Article 426]

Submitter Information Verification

Submitter Full Name: Charles Mello

Organization: cdcmello Consulting LLC

Affiliation: Iowa Department of Transportation

Street Address:
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Zip:
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Public Input No. 3681-NFPA 70-2023 [ New Definition after Definition: Pool,

Permanently Installe... ]

Pool, Semi-Permanent; used for Swimming, Wading, or Immersion.

Pools installed on or above the ground that are not designed for ease of relocation, regardless of being
able to be disassembled by hand or with hand tools, and typically require site preparation, or
modifications of the electrical system. (680) (CMP-17) ...

Statement of Problem and Substantiation for Public Input

Using the two definitions for Permanent pools and Storable pools leaves a type of above ground pool 
in limbo of what is required for electrical safety. This type of pool is not meant to be stored when not in 
use as can be seen in most installation instructions on "how to winterize your pool" which leaves it 
outside and not stored. My particular concern is the equipotential bonding that's required in section 
680.26 . This will require clarification of the definitions for permanently and storable pools. It will also 
require adding Semi-permanent pools to the title of part II. "Permanently installed pools,and semi-
permanently installed pools". I am also sending in input for definition revisions for those 2 definitions. 
also a change to 680.20 should read as follows "Electrical installations at permanently and semi-
permanently installed pools shall comply with the provisions of Part I and Part II of this article."

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 3695-NFPA 70-2023 [Definition: Pool, Permanently Installed
Swimming, Wading, I...]

Public Input No. 3700-NFPA 70-2023 [Definition: Pool, Storable; used for
Swimming, Wading, or I...]

Public Input No. 3710-NFPA 70-2023 [Part II.]

Public Input No. 3719-NFPA 70-2023 [Section No. 680.20]

Submitter Information Verification
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Zip:
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Public Input No. 3462-NFPA 70-2023 [ New Section after 422.5 ]

422.6 Safety Interlock Outlet ProtecƟon

All 125‐volt 15 ampere receptacle outlets for  cord‐and‐plug‐connected refrigerators,

freezers, dishwashers, microwave ovens, clothes washers, air condiƟoning units, and  other

appliances within enclosed spaces such as closets, cabinets, and pantries shall be protected by a listed

safety interlock outlet that includes smoke and heat sensors to deenergize the outlet that supplies the

protected appliances.

Statement of Problem and Substantiation for Public Input

The intent of this public input is to create a new 422.6 for Safety Interlock Outlet Protection, and re-
number existing 422.6 as 422.7. 

Major appliance fires are commonplace and have caused a significant amount of property damage, 
injuries and deaths.  From 2010 to 2014, U.S. municipal fire departments responded to an estimated 
15,970 home fires involving clothes dryers or washing machines each year.  These fires resulted in 
annual losses estimated at 13 civilian deaths, 440 civilian injuries, and $238 million in direct property 
damage.

From 2018 to 2020, the U.S. Consumer Product Safety Commission estimates there were 
approximately 360,800 residential fires annually.  Of these, the CPSC estimates there were 1,400 air 
conditioning unit fires annually, 800 microwave fires annually, 800 refrigerator and freezer fires 
annually, 500 dishwasher fires annually, and 400 washing machine fires annually. 

Please see this data at https://www.cpsc.gov/s3fs-public/2018-to-2020-Residential-Fire-Loss-
Estimates-Annual-Fire-Loss-Report-Final.pdf?VersionId=si8dwpdtl36yYn_Piq3TQ0HDBz8rZLGb

A significant number of product recalls have taken place in recent years. 

In October 2017, the CPSC recalled 408,000 defective dishwashers due to a problem with 
overheating.

On June 16, 2021, about 42,000 dishwashers were recalled due to a problem with overheating caused 
by defective cords.

On September 26, 2019, about 26,600 dishwashers were recalled due to a problem with overheating 
caused by defective cords.
From 2002 to 2009, nearly 15 million appliances were recalled for defects that could cause a fire, 
according to CPSC records, with 1,942 incidents reported. Almost half of the recalled units were 
dishwashers.

One of the largest recalls involved 1.6 million Maytag refrigerators that were recalled in March 2009 
because of an electrical failure in the relay that turns on the compressor.  

Despite these recalls, CPSC data indicates there are still a significant number of major appliance fires.  
As can be seen from the CPSC data, there remains an electrical safety hazard caused by defective 
major appliances.  Having a means to de-energize electrical power to the appliance upon detection of 
smoke or heat could significantly reduce this hazard. 

Many electrical fires will produce measurable quantities of smoke before flaming exists.  This is 
particularly true of overheated electrical insulation.  Smoke detection has resulted in saving countless 
lives since it was introduced in the 1970s. However, smoke from an overheating appliance inside a 
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cabinet or enclosure will not immediately be detected by a ceiling mounted smoke alarm or detector in 
the area.  

NFPA 72, National Fire Alarm and Signaling Code only requires smoke detection in sleeping rooms, 
outside separate sleeping areas, and on each level of the home (usually near stairs). Smoke detection 
is not required in laundry areas, mud rooms, closets, or other areas where major appliances are 
installed. 

A safety interlock outlet with a smoke and heat sensor is designed to detect smoke and heat from an 
appliance fire in an enclosed space, such as under a base cabinet, laundry closet, or in a small, 
enclosed area.  The smoke and heat detector are powered by the outlet and are placed in the cabinet 
or enclosure with the appliance.  Many electrical fires will produce measurable quantities of smoke 
before flaming exists.  This is particularly true of overheated electrical insulation.  When heat or smoke 
is detected, the safety interlock is activated, and power is immediately deenergized. Additionally, a 
sounder will provide indication of the presence of smoke or heat.  For an example of this protection 
method, see this link:  https://dockingdrawer.com/collections/fire-guard-outlet 

Having a smoke and heat detector with a safety interlock outlet in the enclosure with the protected 
appliance (inside the enclosure or cabinet) will detect the fire much sooner than a ceiling mounted 
smoke alarm or detector.  A safety interlock outlet with a smoke and heat detector will also actively 
take steps to de-energize the circuit and mitigate electrical hazards.  

Submitter Information Verification

Submitter Full Name: Merton Bunker

Organization: Merton Bunker & Associates, LLC

Affiliation: Docking Drawer a division of JTech Solutions Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Sun Sep 03 11:15:49 EDT 2023

Committee: NEC-P17
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Public Input No. 1548-NFPA 70-2023 [ Section No. 422.5(A) ]

(A)  General.

Appliances identified in 422.5(A)(1) through (A)(7) 150 volts or less to ground and 60 amperes
or less, single- or 3-phase, shall be provided with Class A protection for personnel. Multiple
Class A protective devices shall be permitted but shall not be required.

(1) Automotive vacuum machines

(2) Drinking water coolers and bottle fill stations

(3) Cord-and-plug-connected high-pressure spray washing machines

(4) Tire inflation machines

(5) Vending machines

(6) Sump pumps

(7) Dishwashers

Informational Note: Section 210.8 specifies requirements for GFCI protection for the
branch-circuit outlet where the covered location warrants such protection.

Statement of Problem and Substantiation for Public Input

Clarification.
Include in 422.5(A) all appliances added to 210.8(D), including electric ranges, wall-mounted ovens, 
counter-mounted cooking units, clothes dryers, and microwave ovens.

Submitter Information Verification

Submitter Full Name: Dallas Barrow

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 25 09:40:49 EDT 2023

Committee: NEC-P17
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Public Input No. 1677-NFPA 70-2023 [ Section No. 422.5(A) ]

(A)  General.

Appliances identified in 422.5(A)(1) through (A)(7) 150 volts or less to ground and 60 amperes
or less, single- or 3-phase, shall be provided with Class A protection for personnel. Multiple
Class A protective devices shall be permitted but shall not be required.

(1) Automotive vacuum machines

(2) Drinking water coolers and bottle fill stations

(3) Cord-and-plug-connected high-pressure spray washing machines

(4) Tire inflation machines

(5) Vending machines

(6) Sump pumps

(7) Dishwashers

Informational Note: Section 210.8 specifies requirements for GFCI protection for the
branch-circuit outlet where the covered location warrants such protection.

Statement of Problem and Substantiation for Public Input

Section 422.5 (A) (2) of NEC 2023 presently requires gfi protection for 'Drinking water coolers and 
bottle fill stations.'  Proposed change is to add the 'drinking water fountains' also as many times 
architects and plumbing engineers indicate 'Drinking water fountains' on the plans. This will avoid any 
arguments at the time of plan review and inspection time. 

Submitter Information Verification

Submitter Full Name: Mohinder Sood

Organization: Core Engineers

Street Address:

City:

State:

Zip:

Submittal Date: Fri Jul 28 14:17:32 EDT 2023
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Public Input No. 1770-NFPA 70-2023 [ Section No. 422.5(A) ]

(A)  General.

Appliances identified in 422.5(A)(1) through (A)(7 12 ) 150 volts or less to ground and 60
amperes or less, single- or 3-phase, shall be provided with Class A protection for personnel.
Multiple Class A protective devices shall be permitted but shall not be required.

(1) Automotive vacuum machines

(2) Drinking water coolers and bottle fill stations

(3) Cord-and-plug-connected high-pressure spray washing machines

(4) Tire inflation machines

(5) Vending machines

(6) Sump pumps

(7) Dishwashers

(8) Electric ranges

(9) Wall-mounted ovens

(10) Counter-Mounted cooking units

(11) Clothes dryers

(12) Microwave ovens

Informational Note: Section 210.8 specifies requirements for GFCI protection for the
branch-circuit outlet where the covered location warrants such protection.

Statement of Problem and Substantiation for Public Input

The two sections of 210.8 (D) and 422.5 (A) both list appliances that need GFCI protection. The two 
list do not match. Both list appliances, so the list should be the same in both places. The way it is now, 
causes confusion with the installers. 

Submitter Information Verification

Submitter Full Name: IEC National

Organization: IEC

Affiliation: Lowell Reith IEC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 01 14:47:07 EDT 2023

Committee: NEC-P17
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Public Input No. 3205-NFPA 70-2023 [ Section No. 422.5(A) ]

(A)  General.

Appliances identified in 422.5(A)(1) through (A)(7) 150 volts or less to ground and 60 amperes
or less, single- or 3-phase, shall be provided with Class A GFCI protection for personnel.
Multiple Class A GFCI protective devices shall be permitted but shall not be required.

(1) Automotive vacuum machines

(2) Drinking water coolers and bottle fill stations

(3) Cord-and-plug-connected high-pressure spray washing machines

(4) Tire inflation machines

(5) Vending machines

(6) Sump pumps

(7) Dishwashers

(8) Electric ranges

(9) Wall-mounted ovens

(10) Counter-mounted cooking units

(11) Clothes dryers

(12) Microwave ovens

Informational Note: Section 210.8 specifies requirements for GFCI protection for the
branch-circuit outlet where the covered location warrants such protection.

Statement of Problem and Substantiation for Public Input

Revised text from ‘Class A device’ to ‘GFCI device’ because the Article 100 definition for GFCI already 
states it must be a Class A device. Additionally, added text for 210.8(D)(8) through (12) for consistency 
of both these requirements. These proposed revisions will improve usability and add clarity for Code 
users.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 11:12:03 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

31 of 230 9/18/2023, 9:05 PM



Public Input No. 4486-NFPA 70-2023 [ Section No. 422.5(A) ]

(A)  General.

Appliances identified in 422.5(A)(1) through (A)(7) 150 volts or less to ground and 60 amperes
or less , single-phase, or 100 amperes or less 3-phase, shall be provided with Class A
protection for personnel. Multiple Class A protective devices shall be permitted but shall not be
required.

(1) Automotive vacuum machines

(2) Drinking water coolers and bottle fill stations

(3) Cord-and-plug-connected high-pressure spray washing machines

(4) Tire inflation machines

(5) Vending machines

(6) Sump pumps

(7) Dishwashers

Informational Note: Section 210.8 specifies requirements for GFCI protection for the
branch-circuit outlet where the covered location warrants such protection.

Statement of Problem and Substantiation for Public Input

Appliances are now in use that are beyond the 60 A value currently stated in the code. GFCI devices 
are commercially available at this amperage rating, and moving the three-phase limit to 100 A 
correlates to the existing 210.8(B) requirement.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4477-NFPA 70-2023 [Section No. 210.8(D)]

Public Input No. 4477-NFPA 70-2023 [Section No. 210.8(D)]

Submitter Information Verification

Submitter Full Name: Mark Pollock

Organization: Littelfuse
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Public Input No. 91-NFPA 70-2023 [ Section No. 422.5(A) ]

(A)  General.

Appliances identified in 422.5(A)(1) through (A)(7) 150 volts or less to ground and 60 amperes
or less, single- or 3-phase, shall be provided with Class A protection for personnel. Multiple
Class A protective devices shall be permitted but shall not be required.

(1) Automotive vacuum machines

(2) Drinking water coolers and bottle fill stations

(3) Cord-and-plug-connected high-pressure spray washing machines

(4) Tire inflation machines

(5) Vending machines

(6) Sump pumps

(7) Dishwashers

Exception : GFCI protection shall not be required for appliances having ratings below the low-
voltage contact limit

Informational Note: Section 210.8 specifies requirements for GFCI protection for the
branch-circuit outlet where the covered location warrants such protection.

Additional Proposed Changes

File Name Description Approved

C0AAB35B-54CA-4E08-96EC-B07856CA8C3F.jpeg low voltage sump pump 

Statement of Problem and Substantiation for Public Input

This exception is needed to allow low-voltage appliances to be installed without GFCI protection. 
Provisions similar to this exist throughout Article 680 allowing low-voltage swimming pool equipment to 
be installed without GFCI protection. I don’t think low-voltage appliances are any more of a shock 
hazard than a low-voltage pool pump motor or low-voltage underwater swimming pool light. The pool 
pump and swimming pool light can be installed without GFCI protection per Article 680. Presently a 12-
volt sump pump needs GFCI protection. This proposed exception provides needed relief for low-
voltage appliances.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 90-NFPA 70-2023 [Section No. 210.8(D)] low voltage appliances

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:
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Zip:

Submittal Date: Wed Jan 11 09:26:57 EST 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

34 of 230 9/18/2023, 9:05 PM





Public Input No. 98-NFPA 70-2023 [ Section No. 422.5(A) ]

(A)  General.

Appliances identified in 422.5(A)(1) through (A)(7) supplied by branch circuits rated 150 volts or
less to ground and 60 amperes or less, single- or 3-phase, shall be provided with Class A
protection for personnel. Multiple Class A protective devices shall be permitted but shall not be
required.

(1) Automotive vacuum machines

(2) Drinking water coolers and bottle fill stations

(3) Cord-and-plug-connected high-pressure spray washing machines

(4) Tire inflation machines

(5) Vending machines

(6) Sump pumps

(7) Dishwashers

Informational Note: Section 210.8 specifies requirements for GFCI protection for the
branch-circuit outlet where the covered location warrants such protection.

Statement of Problem and Substantiation for Public Input

This revision is needed to clarify that the branch circuit voltage matters! With the present wording the 
branch circuit voltage is completely irrelevant as it is never mentioned in this rule. Presently only the 
rating of the appliance matters. A 208V or 250V rated appliance installed on a branch circuit operating 
at 120V to ground is presently excluded based on the literal wording since the branch circuit operating 
voltage is not part of this requirement. I don’t believe that the intent is to exclude this equipment.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 29-NFPA 70-2023 [Section No.
210.8(D)]

branch circuit voltage vs appliance rated
voltage

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jan 11 11:28:58 EST 2023
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Public Input No. 3730-NFPA 70-2023 [ Section No. 422.6 ]

422.6  2  Listing Required.

All appliances supplied by 50 volts or higher shall be listed.

Statement of Problem and Substantiation for Public Input

The section should be relocated to 422.2 for compliance with the NEC Style Manual Section 2.2.1.

Submitter Information Verification

Submitter Full Name: Derrick Atkins

Organization: Minneapolis Electrical JATC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 15:03:16 EDT 2023

Committee: NEC-P17
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Public Input No. 2685-NFPA 70-2023 [ Section No. 422.10(A) ]

(A)  Individual Branch Circuits.

Individual branch circuits supplying appliances shall comply with the following as applicable:

(1) The ampacities of branch-circuit conductors shall not be less than the marked rating of the
appliance or the marked rating of an appliance having combined loads.

(2) The ampacities of branch-circuit conductors for motor-operated appliances not having a
marked rating shall be in accordance with Part II of Article 430 , Part II .

(3) The branch-circuit rating for an appliance that is a continuous load, other than a motor-
operated appliance, shall not be less than 125 percent of the marked rating, or not less
than 100 percent of the marked rating if the branch-circuit device and its assembly are
listed for continuous loading at 100 percent of its rating.

(4) Branch circuits and branch-circuit conductors for household ranges and cooking appliances
shall be permitted to be in accordance with Table 220.55 and shall be sized in accordance
with 210.19(C).

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:
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Zip:

Submittal Date: Thu Aug 24 09:39:00 EDT 2023
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Public Input No. 3138-NFPA 70-2023 [ Section No. 422.11(E) ]

(E)  Single Non-Motor-Operated Appliance.

If the branch circuit supplies a single non-motor-operated appliance, the rating of overcurrent
protection shall comply with the following:

(1) Not exceed the overcurrent protection rating marked on the appliance.

(2) Not exceed 20 amperes if the overcurrent protection rating is not marked and the
appliance is rated 13.3 amperes or less.

(3) Not exceed 150 percent  150 percent of the appliance rated current if the overcurrent
protection rating is not marked and the appliance is rated over 13.3 amperes. Where
150 percent of the appliance rating does not correspond to a standard overcurrent device
ampere rating, the next higher standard rating shall be permitted.

Statement of Problem and Substantiation for Public Input

Article 422.11 (E)(3) starts by stating ( Not Exceed ) then goes on to say if the 150 percent does not 
correspond to a standard overcurrent device ampere rating , the next higher standard rating shall be 
permitted . 
If it cannot exceed 150 percent how can it go up. 
This is confusing either 150 percent is the max or it is not. 

Submitter Information Verification

Submitter Full Name: George Tidden

Organization: Ies Residential

Affiliation: IEC Gulf Coast

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 29 15:44:57 EDT 2023
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Public Input No. 2686-NFPA 70-2023 [ Section No. 422.11(G) ]

(G)  Motor-Operated Appliances.

Motors of motor-operated appliances shall be provided with overload protection in accordance
with Part III of Article 430 , Part III . Hermetic refrigerant motor-compressors in air-conditioning
or refrigerating equipment shall be provided with overload protection in accordance with Part VI
of Article 440 , Part VI . Where appliance overcurrent protective devices that are separate from
the appliance are required, data for selection of these devices shall be marked on the
appliance. The minimum marking shall be that specified in 430.7 and 440.4.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 24 09:40:07 EDT 2023

Committee: NEC-P17
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Public Input No. 4421-NFPA 70-2023 [ Section No. 422.11(G) ]

(G)  Motor-Operated Appliances.

Motors of motor-operated appliances shall be provided with overload protection in accordance
with Part III of Article 430 . Hermetic refrigerant motor-compressors in air-conditioning or
refrigerating equipment shall be provided with overload protection in accordance with Part VI of
Article 440 . Where appliance overcurrent protective devices that are separate from the
appliance are required, data for selection of these devices shall be marked on the appliance.
The minimum marking shall be that specified in 430.7  and 440.4 .

Statement of Problem and Substantiation for Public Input

This section is not necessary as the requirements are already a part of other Articles as reference by 
this section.  (Ref. 4.1.1 of the NEC Style manual) 

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 14:55:41 EDT 2023

Committee: NEC-P17
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Public Input No. 1292-NFPA 70-2023 [ Section No. 422.12 ]

422.12  Central Heating Equipment.

Central heating equipment other than fixed electric space-heating equipment shall be supplied
by an individual branch circuit.

Exception No. 1: Auxiliary equipment, such as a pump, valve, humidifier, germicidal
irradiation luminaire, or electrostatic air cleaner directly associated with the heating
equipment, shall be permitted to be connected to the same branch circuit.

Exception No. 2: Permanently connected air-conditioning equipment shall be permitted to be
connected to the same branch circuit.

Additional Proposed Changes

File Name Description Approved

410.191_alt1.jpg

Statement of Problem and Substantiation for Public Input

Germicidal irradiation luminaires are typically installed in the plenum of a central heating system. The 
current required for them is quite low, and there is no reason to not allow them on the same circuit as 
the heating equipment. It can easily be argued that this exception already allows the practice, but as 
these systems gain in popularity arguments are sure to happen about the circuiting requirements.

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 06 15:50:08 EDT 2023

Committee: NEC-P17
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Public Input No. 3467-NFPA 70-2023 [ Section No. 422.12 ]

422.12  Central Heating Equipment.

Central heating equipment other than fixed electric space-heating equipment shall be supplied
by an individual branch circuit.

Exception No. 1: Auxiliary equipment, such as a pump, valve, humidifier, or electrostatic air
cleaner directly associated with the heating equipment, shall be permitted to be connected to
the same branch circuit.

Exception No. 2: Permanently connected air-conditioning equipment shall be permitted to be
connected to the same branch circuit.

Statement of Problem and Substantiation for Public Input

The requirement for an individual branch circuit for central heating equipment was first added to Article 
422 in the 1990 edition of the NEC. See Proposal 10-5, Log # 2579 [n TCRA-1989 and Comments 
10-2 & 10-1, Log numbers 2998 & 254 in TCDA-1989 for review of proposal, comments, and 
committee actions. This input includes the following substantiation to this section and requirement.

1. Proposal and comments for initial inclusion of this requirement identified the hazard as loss of heat 
and damage to a residence from potential freezing conditions in the structure while owners were away 
from home. While those conditions are not desirable, they are not electrical hazards as identified in the 
scope of the NEC.
2. Circuit overloading for circuits supplying central heating equipment other than fixed electric space-
heating (the concern identified in initial proposal and comments for this requirement) is assumed to 
already be covered in Chapter 2.
3. This requirement covers "central heating equipment". That term is not defined. While most of us 
could likely explain our opinion of what equipment is covered by this requirement, we might determine 
in that discussion that opinions might vary significantly about which equipment is included. 
4. While substantiation for the initial proposal and comments for this requirement seems to be limited 
to residential or senior citizen complexes, the NEC text was never limited to those occupancy types. If 
it was determined that ducted HVAC systems (central) using hot water coils or gas or other fuel in 
schools, retail space, businesses, health care, entertainment or other occupancy types were not fixed 
electric space-heating equipment, would this requiremnt be applicable?   

Submitter Information Verification

Submitter Full Name: Donald Cook
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Public Input No. 4108-NFPA 70-2023 [ Section No. 422.12 ]

422.12  Central Heating Equipment.

Central heating equipment other than fixed electric space-heating equipment shall be supplied
by an individual branch circuit.

Exception No. 1: Auxiliary equipment, such as a pump, valve, humidifier, or electrostatic air
cleaner directly associated with the heating equipment, shall be permitted to be connected to
the same branch circuit.

Exception No. 2: Permanently connected air-conditioning equipment shall be permitted to be
connected to the same branch circuit.

An individual branch circuit shal be permitterd to supply central heating equipment

Statement of Problem and Substantiation for Public Input

There is no definition for “Central heating equipment” but it is required to be on an individual branch 
circuit by section 422.12. The scope of Article 424 states “This article covers fixed electric equipment 
used for space heating.  For the purpose of this article, heating equipment includes heating cables, 
unit heaters, boilers, central heating systems, or other fixed electric space-heating equipment.  This 
article does not apply to process heating and room air conditioning.”  Why does section 422.12 make a 
distinction between central heating equipment and fixed electric space-heating equipment?  Sections 
of 422.12 adds confusion and must be modified. 

Submitter Information Verification

Submitter Full Name: Armando Lozano

Organization: MSF Electric, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Wed Sep 06 16:47:04 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

43 of 230 9/18/2023, 9:05 PM



Public Input No. 4424-NFPA 70-2023 [ Section No. 422.12 ]

422.12  Central Heating Equipment.

Central heating equipment other than fixed electric space-heating equipment shall be supplied
by an individual branch circuit.

Exception No. 1: Auxiliary equipment, such as a pump, valve, humidifier, or electrostatic air
cleaner directly associated with the heating equipment, shall be permitted to be connected to
the same branch circuit.

Exception No. 2: Permanently connected air-conditioning equipment shall be permitted to be
connected to the same branch circuit.

Statement of Problem and Substantiation for Public Input

This requirement is more appropriately located in Article 440 and has been moved to that Article as 
part of a companion public input to this public input.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich
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State:

Zip:

Submittal Date: Thu Sep 07 15:04:24 EDT 2023
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Public Input No. 1295-NFPA 70-2023 [ Section No. 422.13 ]

422.13  Storage-Type Water Heaters.

The rating of the branch-circuit overcurrent device and the ampacity of the conductors for fixed
storage-type water heaters that have a capacity of 450 L (120 gal) or less shall have an
ampere rating of be not less than 125 percent of the ampere rating of the water heater.

Informational Note: See 422.10 for branch-circuit rating.

Statement of Problem and Substantiation for Public Input

This editorial revision uses the term "ampacity" when refering to the conductors, as required by the 
style manual.
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Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 06 15:57:06 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

45 of 230 9/18/2023, 9:05 PM



Public Input No. 3266-NFPA 70-2023 [ Section No. 422.13 ]

422.13  Storage-Type Water Heaters.

The branch-circuit overcurrent device and conductors for ampere rating and the branch-circuit
conductor ampacity for fixed storage-type water heaters that have a capacity of 450 L (120 gal)
or less shall have an ampere rating of not be less than 125 percent of the ampere rating of the
water heater.

Informational Note: See 422.10 for branch-circuit rating.

Statement of Problem and Substantiation for Public Input

Conductors have an ampacity and overcurrent protective devices have an ampere rating. Making 
these edits to make those points clear in the requirement. 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 20:39:17 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

46 of 230 9/18/2023, 9:05 PM



Public Input No. 741-NFPA 70-2023 [ Section No. 422.13 ]

422.13  Storage-Type Water Heaters.

The branch-circuit overcurrent device and conductors for fixed storage-type water heaters that
have a capacity of 450 L (120 gal) or less shall have an ampere rating of not less than
125 percent of the ampere rating of the water heater.

Exception: The installation in located in USDA plant hardiness zone 8a, IECC climate
zone 3, or Energy Star climate zone South-Central (whichever is colder) or a warmer
climate zone.

Informational Note: See 422.10 for branch-circuit rating.

Statement of Problem and Substantiation for Public Input

In warmer climates, such as the lower elevations of California (which is the nation's most populous 
state by far and where almost all people in the state live), the upper limit of what is considered a 
normal household's hot water usage will not cause a standard 40-to-50 US gallon (<120 US gallons) 
storage-type electric resistive/heat pump water heater to run for 3 or more hours, let alone 1 hour, 
continuously during the coldest months of January and February. A lot of codes in the US are based on 
the cold Northeast and Great Lakes because that is where most of the population has historically been 
centered on. The NEC defines a continuous load as expected to run at full load 3 or more hours 
continuously.

Abroad, the Canadian Electrical Code is more specific, defining that as 3 or more hours for any 6-hour 
period and 1 or more hours for any 2-hour period. Even under the more stringent Canadian Electrical 
Code definition, the storage type water heater in the metropolitan areas of California, Texas, Desert 
Southwest, and Southern states (where the cold water intake is warmer due to warmer winter 
temperatures) still isn't a continuous load. Besides, the ambient temperature is colder during winter, so 
the wires have extra ampacity compared to the standard 30 deg C.

As a result, a storage type electric water heater is definitely not a continuous load in warmer climates.
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Public Input No. 2117-NFPA 70-2023 [ Section No. 422.16(B)(1) ]

(1)  Electrically Operated In-Sink Waste Disposers.

Electrically operated in-sink waste disposers shall be permitted to be cord-and-plug-connected
with a flexible power-supply cord identified as suitable in the installation instructions of the
appliance manufacturer where all of the following conditions are met:

(1) The length of the power-supply cord is not less than 450 mm (18 in.) and not exceeding
900 mm (36 in.).

(2) Receptacles are located to protect against physical damage to the flexible cord power-
supply cord .

(3) The receptacle is accessible.

(4) The flexible power-supply cord has an equipment grounding conductor and is terminated
with a grounding-type attachment plug.

Exception: A listed appliance distinctly marked to identify it as protected by a system of double
insulation shall not be required to be terminated with a grounding-type attachment plug.

Statement of Problem and Substantiation for Public Input

A power-supply cord is a defined term in Article 100. This proposed change will make the language 
technically correct based on the Article 100 definition of “power-supply cord.”
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Public Input No. 2118-NFPA 70-2023 [ Section No. 422.16(B)(2) ]

(2)  Built-in Dishwashers and Trash Compactors.

Built-in dishwashers and trash compactors shall be permitted to be cord-and-plug-connected
with a flexible power-supply cord identified as suitable for the purpose in the installation
instructions of the appliance manufacturer where all of the following conditions are met:

(1) For a trash compactor, the length of the power-supply cord is not less than 0.9 m (3 ft) and
not exceeding 1.2 m (4 ft) measured from the face of the attachment plug to the plane of
the rear of the appliance.

(2) For a built-in dishwasher, the length of the power-supply cord is not less than 0.9 m (3 ft)
and not exceeding 2.0 m (6.5 ft) measured from the face of the attachment plug to the
plane of the rear of the appliance.

(3) Receptacles are located to protect against physical damage to the flexible power-supply
cord.

(4) The receptacle for a trash compactor is located in the space occupied by the appliance or
adjacent thereto. If a flexible power-supply cord passes through an opening, it shall be
protected against damage by a bushing, grommet, smoothed edge, or other approved
means.

(5) The receptacle for a built-in dishwasher is located in the space adjacent to the space
occupied by the dishwasher. If a flexible power-supply cord passes through an opening, it
shall be protected against damage by a bushing, grommet, smoothed edge, or other
approved means.

(6) The receptacle is accessible.

(7) The flexible power-supply cord has an equipment grounding conductor that is terminated
with a grounding-type attachment plug.

Exception: A listed appliance distinctly marked to identify it as protected by a system of double
insulation shall not be required to be terminated with a grounding-type attachment plug.

Statement of Problem and Substantiation for Public Input

A power-supply cord is a defined term in Article 100. This proposed change will make the language 
technically correct based on the Article 100 definition of “power-supply cord.”
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Public Input No. 2119-NFPA 70-2023 [ Section No. 422.16(B)(3) ]

(3)  Wall-Mounted Ovens and Counter-Mounted Cooking Units.

Wall-mounted ovens and counter-mounted cooking units complete with provisions for mounting
and for making electrical connections shall be permitted to be permanently connected or cord-
and-plug-connected with a flexible power-supply cord identified as suitable for the purpose in
the installation instructions of the appliance manufacturer.

A separable connector or a plug and receptacle combination in the supply line to an oven or
cooking unit shall be identified for the temperature of the space in which it is located.

Statement of Problem and Substantiation for Public Input

A power-supply cord is a defined term in Article 100. This proposed change will make the language 
technically correct based on the Article 100 definition of “power-supply cord.”
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Public Input No. 2234-NFPA 70-2023 [ Section No. 422.16(B)(4) ]

(4)  Range Hoods and Microwave Oven/Range Hood Combinations.

Range hoods and over-the-range microwave ovens with integral range hoods shall be permitted
to be cord-and-plug-connected with a flexible cord identified as suitable for use on range hoods
in the installation instructions of the appliance manufacturer, where all of the following
conditions are met:

(1) The length of the cord is not less than 450 mm (18 in.) and not exceeding 1.2 m (4 ft).

(2) Receptacles are located to protect against physical damage to the flexible cord.

(3) The receptacle is supplied by an individual branch circuit.

(4) The receptacle is accessible.

(5) The receptacle is a single receptacle.  

(6) The flexible cord has an equipment grounding conductor and is terminated with a
grounding-type attachment plug.

Exception: A listed appliance distinctly marked to identify it as protected by a system of double
insulation shall not be required to be terminated with a grounding-type attachment plug.

Statement of Problem and Substantiation for Public Input

422.16 (B) (4) (3) - require the receptacle which is to be supplied by an individual branch circuit to be a 
single receptacle outlet.  The change will help ensure that only the equipment outlined in 422.16 (B) (4) 
is connected to the receptacle, thereby helping to ensure that no other loads are supplied by the 
required individual branch circuit.  

Article 100 defines an individual branch circuit as a branch circuit that supplies only one utilization 
equipment.  Limiting 422.16 (B) (4) (3) to a single receptacle outlet will work to ensure the intent of the 
NEC more fully is realized.  Current 422.16 (B) (4) code language does not preclude the installation of 
a duplex receptacle.  The installation of a duplex receptacle on an individual branch circuit invites other 
loads to be connected to the individual branch circuit.  
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Public Input No. 2484-NFPA 70-2023 [ Section No. 422.18 ]

422.18  Ceiling-Suspended (Paddle) Fans.

(A)  Support.

Ceiling-suspended (paddle) fans shall be supported independently of an outlet box or by one of
the following:

(1) A listed outlet box or listed outlet box system identified for fan support installed in
accordance with 314.27(C)

(2) A listed outlet box system, a listed weight-supporting ceiling receptacle (WSCR) , and a
compatible factory-installed weight-supporting attachment fitting (WSAF) that is installed in
accordance with 314.27(E)

ExcepƟon: In bedrooms of one‐ and two‐family dwellings, ceiling mounted  ( paddle) fans shall be

supported in accordance with both of the following:

(1) A listed outlet box or listed outlet box system idenƟfied for fan support installed in accordance with

314.27(C)

(2) A listed outlet box system, a listed WSCR, and a compaƟble factory installed WSAF that is installed in

accordance with 314.27(E)

This excepƟon shall become effecƟve on January 1, 2027.

( B)  Location.

No metal parts of ceiling-suspended (paddle) fans in bathrooms and shower spaces shall be
located within a zone measured 900 mm (3 ft) horizontally and 2.5 m (8 ft) vertically from the
top of the bathtub rim or shower stall threshold. This zone is all-encompassing and shall include
the space directly over the tub or shower stall.

Additional Proposed Changes

File Name Description Approved

PI_2484_Update.pdf Problems and Solutions Summary 

Data_PI_2484_Update.pdf Data File for PI 2484 

Statement of Problem and Substantiation for Public Input

This public input proposes changes to enhance safety and simplify installation practices. This will 
improve  worker safety during installation, maintenance, and replacement of luminaires. It will also 
make installations more robust and mechanically secure, ensuring a safer installation over the long 
term.

First of all, the text was revised by including the acronyms for the weight-supporting ceiling receptacle 
(WSCR) and weight-supporting attachment fitting (WSAF). This will provide consistency throughout the 
code.  Secondly, a new exception was added to require the use of the WSCR and WSAF where there 
is a ceiling outlet box installed in the bedroom, with a future effective date. 

EFFECTIVE DATE. The date was chosen to allow time for implementation by the industry, including 
depleting current inventory or inventory retrofitting.  

STANDARD CONFIGURATION. This Public Comment follows the guidance provided by CMP 18 and 
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CMP 9 during the last code cycle. PI 3423 from the last cycle was resolved by CMP 18 with the 
following statement: “The lack of an industry standard configuration allows multiple configurations that 
can introduce complications if this rule shifts from permissible to mandatory.” Since then, three 
configurations for both the WSAF and WSCR were approved by NEMA for inclusion in ANSI/NEMA 
WD 6, “American National Standard for Wiring Devices - Dimensional Specifications.” These devices 
are designated in the standard as: WS3-50R, WS3-50AF for three poles; and WS3-70R, WS3-70AF 
for three poles, WS4-70R and WS4-70AF for four poles These identifiers designate the special 
configuration of “weight-supporting” (“WS” prefix), the weight rating (50- or 70-pounds) and the 
application as a “receptacle” (“R” suffix) or the “attachment fitting” (“AF” suffix). The 50-pound 
configurations (“50” infix) are for the support of luminaires and the 70-pound configurations (“70” infix) 
are for the support of paddle fans. Informational notes for these new standard configurations in WD6 
are now found following the definitions for WSCR and WSAF in Article 100. 

INTERCHANGEABILITY. The WSCR has been determined to be compatible with all known ceiling 
outlet boxes. The WSCR (receptacle) for paddle fans (“70” infix) can accept the WSAF for either fans 
(“70” infix) or luminaires (“50” infix). The WSCR for luminaires is keyed so that it will only accept the 
WSAF for luminaires. The WSCR for paddle fans is a more robust receptacle, which is designed to 
support up to 70-pounds and the vibration from the dynamic load of a fan. The WSCR for luminaires is 
designed to support up to a 50-pound static luminaire load. The keyed luminaire receptacle will prevent 
the installation of the WSAF for heavier paddle fans. This video demonstrates the traditional 
installation of luminaires versus the installation using the WSCR https://youtu.be
/0idb9sOudi0?si=RwjhHB2E7S-woHJv. 

REDUCING THE HAZARD The WSCR reduces the hazard by simplifying installation and most 
importantly, eliminating the need to touch exposed conductors while installing ceiling-suspended 
(paddle) fans. Furthermore, installing ceiling-suspended (paddle) fans requires work on ladders and 
that, according to the CDC, falls are the leading cause of injuries. This is not just a problem for 
homeowners, it is also a problem for professionals. According to OSHA, falls are the leading cause of 
death in construction (see https://www.osha.gov/stop-falls), The use of ladders cannot be eliminated, 
but the simplified installation will reduce the time spent on ladders. It will also eliminate the need to 
juggle fixtures, while trying to make electrical connections. By engineering out the hazard, the human 
factors contributing to injuries or deaths are mitigated. The proposed changes to this section increase 
safety for the initial installation and for future exchanges of luminaires or ceiling-suspended (paddle) 
fans in one- and two-family dwellings. OSHA reports point to two professional electricians’ deaths that 
potentially could’ve been prevented by the use of WSCR. See the following links: https://www.osha.gov
/pls/imis/establishment.inspection_detail?id=18396960 https://www.osha.gov/pls/imis
/establishment.inspection_detail?id=314163627 According to the American Housing Survey, which is a 
report generated every two years by the U.S. Census Bureau, a lot of home renovations are performed 
by the homeowner. Many homeowners are now installing their own ceiling-suspended (paddle) fans. 
Some hire professionals, but often the installer is not an electrical professional. The installer could be a 
painter, carpenter, drywaller or handy person. The data is in the supporting material included with this 
public input.

CONCLUSION 

PUBLIC SAFETY. The WSCR and WSAF would improve public safety; a previously installed WSCR 
(female portion in the ceiling) will: 
---REDUCE installation time and time on ladders (due to ease of installation) 
--- REDUCE time standing on something substituting for a ladder (chair, table, sofa, etc.) 
--- ELIMINATE homeowners splicing of wiring especially while on ladders 
---REDUCE incorrect installations that could lead to fires or shock hazards 
---REDUCE the number of falling luminaires and paddle fans 
---REDUCE injuries and deaths from -- shock and electrocution – falls
 ---PROMOTE robust and safe first-time installation by professionals 
--- ALLOW quick connect for initial and future installations 
---ELIMINATE straining of conductors and connectors holding the weight of luminaire during installation 
--- ELIMINATE the need to support the weight of the luminaire or ceiling paddle fan during wiring; the 
WSCR weighs ounces.
 – FACILITATE safety because the inspector can verify the polarity of the wiring to the WSCR via a 
circuit tester (versus no polarity verification of luminaires/paddle fans currently) 
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ADDITIONAL BENEFITS TO MANUFACTURERS WHO LICENSE TECHNOLOGY. This submission 
complies with the ANSI/NFPA Essential Patent Policy, and the necessary documentation has been 
provided to NFPA. 
The WSCR and WSAF would benefit manufacturers as follows: 
-- REDUCE liability exposure
 – INCREASE purchasing of luminaires/paddle fans due to -- reduced installation costs -- ease of 
installation
 -- INCREASE purchasing of different types or themed luminaires/paddle fans could be easily quick 
connected/disconnected based on events/holidays/formality 
-- DECREASE time get a certificate of occupancy once WSCR is installed in ceiling 
-- INCREASE purchasing of WSCR by homebuilders who wish to maximize spec homes (easy switch 
out of luminaires/paddle fans based on customer preference) 
-- REDUCE procrastination of remodeling (entire construction industry benefits) 
-- INCREASE interchangeability by promoting standardization 
-- INCREASED business - interchangeability that anyone’s luminaire/paddle fan can be replaced with 
yours
 -- DECREASE costs since multiple designs of connectors are not necessary 
-- INCREASE product lines containing the “quick connect/disconnect” feature
This public input focuses on injury prevention. There are two categories of injuries that we are trying to 
prevent, those that can occur during installation and maintenance, and those that can happen 
subsequently, if a fixture falls. As noted in the supporting material entitled “Problems and Solutions 
Summary,” falls are the leading cause of injury for the years 2001 through 2020 (see pages 32 and 
33).
The Bureau of Labor Statistics reported on April 25, 2022 that
“Fatal injuries from ladders down in 2020; nonfatal ladder injuries were essentially unchanged
In 2020, there were 161 fatal work injuries from which ladders were the primary source."  The report 
also indicated that there were 171 death in 2019. 
Nonfatal ladder injuries resulting in at least one day away from work were essentially unchanged in 
2020. There were 22,710 injuries where the primary source of the injury was a ladder in 2020, 
compared with 22,330 in 2019. Installation, maintenance, and repair occupations had 5,790 injuries 
where the primary source was a ladder. Construction and extraction occupations had 5,370 ladder 
injuries, and service occupations had 3,160.” (https://www.bls.gov/opub/ted/2022/fatal-injuries-from-
ladders-down-in-2020-nonfatal-ladder-injuries-were-essentially-unchanged.htm)

It should be noted that there was a significant slow down in economic activity in 2020 due to the Covid 
19 pandemic, which likely had an impact on ladder related injuries in the workplace.

According to the American Ladder Institute, as published on February 15, 2018 on the ANSI Blog: 
https://blog.ansi.org/ali/common-causes-ladder-incidents/?amp=1, the number 3 cause of ladder 
incidents is overreaching while on the ladder. This is common when installing luminaires and paddle 
fans.

The CPSC's National Electronic Injury Surveillance System (NEISS) contains numerous incidents 
involving injuries from ceiling fans, which is captured in the supporting material. This data comes from 
reports completed by hospital personnel who admit patients for treatment. It is important to note that 
this data comes from only 96 hospitals, that were selected by CPSC staff. There are 6,129 hospitals 
and an estimated 10,800 active urgent care clinics in the US. The document entitled "Relevant 
Incidents involving Ceiling (Paddle) Fans 2022-2013" reports on incidents where patient care was 
provided by one of those 96 hospitals. It is important to note that these incidents likely injuries caused 
by a falling fan. This is because NEISS reports on injuries caused by consumer products. 

Falls are the most common of all injuries, but Incidents that occurred from falls during installation may 
not show up in this report, because they were not caused by the fan or luminaire. They were cause by 
a ladder safety issue. Many of the incidents involving ceiling fans are the result of improperly installed 
fans that have fallen on occupants. The WSCR for ceiling fans provides a safe and robust installation 
that includes a double-locking mechanism, along with an additional locking bracket to provide 
protection from the dynamic forces from the spinning fan motor.
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Public Input No. 242-NFPA 70-2023 [ Section No. 422.18(B) ]

(B)  Location.

No metal parts No parts of ceiling-suspended (paddle) fans in bathrooms and shower spaces
shall be located within a zone measured 900 mm (3 ft) horizontally and 2.5 m (8 ft) vertically
from the top of the bathtub rim or shower stall threshold. This zone is all-encompassing and
shall include the space directly over the tub or shower stall.

Statement of Problem and Substantiation for Public Input

Why was the term "metal" added here? My Public Input 198-NFPA 70-2019 was submitted merely to 
relocate the rules for paddles fans from Section 410.10(D)(1) to Article 422 where they correctly 
belong. My proposal never included the term "metal". No other PI were submitted to add the word 
"metal" here. First Revision No. 8364-NFPA 70-2021 makes no mention of adding the word "metal". 
My Public Comment No. 99-NFPA 70-2021 never seeked to add the word "metal". Nor did any other 
Public Comments submitted. Committee Comment No. 8353-NFPA 70-2021 added the word "metallic". 
But why? No substantiation was given to add this word and exclude nonmetallic parts. Second 
Correlating Revision No. 61-NFPA 70-2022 changed "metallic" to 'metal'. but again, no substantiation 
was given for adding the word "metal" to this rule in the first place. In fact, this rule now conflicts with 
410.10(D)(1) requirements. Section 410.10(D)(1) requires ALL parts of a paddle fan (with a light kit) to 
be excluded from this zone regardless if the parts are metal or not. These 2 rules should be applied in 
the same way. ALL parts of the paddle fan should be excluded from this zone as it has been since the 
rule was first added to 410.4(d) in the 1996 NEC edition. A wooden fan blade can be located in this 
zone, but a decorative metal tip on that same wooden fan blade cannot be there? How does this make 
any sense? A surface-mounted metal light fixture can be mounted on the ceiling or on the wall of the 
bathtub or shower stall, but that decorative metal tip on a paddle fan can't be there??????? 
410.10(D)(1) and 422.18(B) should be worded in a way that excludes the same parts of the paddle fan.
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Public Input No. 1872-NFPA 70-2023 [ Section No. 422.31 ]

422.31  Disconnection of Permanently Connected Appliances.

For appliances that do not have a disconnecting means in accordance with 422.33 or 422.34, a
disconnecting means shall be provided in accordance with 422.31(A), (B), or (C).

(A) Rated at Not over 300 Volt-Amperes or   Appliances of any volt-ampere rating or not over
1⁄8 Horsepower.

For permanently connected appliances rated at of any volt-ampere rating or not over 300 volt-
amperes or 1⁄8 hp, the branch-circuit overcurrent device shall be permitted to serve as the
disconnecting means where the switch or circuit breaker is within sight from the appliance or be
capable of being locked in the open position in compliance with 110.25.

(B)  Appliances Rated over 300 Volt-Amperes.

For permanently connected appliances rated over 300 volt-amperes, the branch-circuit switch
or circuit breaker shall be permitted to serve as the disconnecting means where the switch or
circuit breaker is within sight from the appliance or be capable of being locked in the open
position in compliance with 110.25 .

Informational Note: See 422.34  for appliances employing unit switches.

(C B ) Motor-Operated Appliances Rated over 1⁄8 Horsepower.

The disconnecting means shall comply with 430.109 and 430.110. For permanently connected
motor-operated appliances with motors rated over 1⁄8 hp, the disconnecting means shall be
within sight from the appliance or be capable of being locked in the open position in compliance
with 110.25.

Exception: If an appliance is provided with a unit switch that complies with 422.34(A), (B), or
(C), the switch or circuit breaker serving as the other disconnecting means shall be permitted
to be out of sight from the appliance.

Statement of Problem and Substantiation for Public Input

(A) and (B) have had the identical requirements since the 2017 code and there is no reason to keep 
both first level subdivisions.  
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Public Input No. 2343-NFPA 70-2023 [ Section No. 422.31 ]

422.31  Disconnection of Permanently Connected Appliances.

For appliances that do not have a disconnecting means in accordance with 422.33 or 422.34, a
disconnecting means shall be provided in accordance with 422.31(A), (B), or (C).

(A)  Rated at Not over 300 Volt-Amperes or 1⁄8 Horsepower.

For permanently connected appliances rated at not over 300 volt-amperes or 1⁄8 hp, the branch-
circuit overcurrent device shall be permitted to serve as the disconnecting means where the
switch or circuit breaker is readily accessible and within sight from the appliance or be capable
of being locked in the open position in compliance with 110.25.For other than cord ‐ and ‐ plug

connected appliances the d isconnecƟng means shall meet the working space requirements of

110.26(A).

(B)  Appliances Rated over 300 Volt-Amperes.

For permanently connected appliances rated over 300 volt-amperes, the branch-circuit switch
or circuit breaker shall be permitted to serve as the disconnecting means where the switch or
circuit breaker is readily accessible and within sight from the appliance or be capable of being
locked in the open position in compliance with 110.25.For other than cord ‐ and ‐ plug connected

appliances the d isconnecƟng means shall meet the working space requirements of 110.26(A).

Informational Note: See 422.34 for appliances employing unit switches.

(C)  Motor-Operated Appliances Rated over 1⁄8 Horsepower.

The disconnecting means shall comply with 430.109 and 430.110. For permanently connected
motor-operated appliances with motors rated over 1⁄8 hp, the disconnecting means shall be
within sight from the appliance or be capable of being locked in the open position in compliance
with 110.25.

Exception: If an appliance is provided with a unit switch that complies with 422.34(A), (B), or
(C), the switch or circuit breaker serving as the other disconnecting means shall be permitted
to be out of sight from the appliance.

Statement of Problem and Substantiation for Public Input

Adding language to make it clear the disconnecting means for the appliance must be readily 
accessible as required in accordance with 408.4(A). Adding same language of 440.14 to 422.31(B) 
because it relieves the AHJ from interpreting that other than cord-and-plug appliance disconnects, the 
appliance disconnecting means must have the required working space in 110.26(A). This increases 
safety for the safe operation and maintenance of such equipment.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 16 13:43:21 EDT 2023
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Public Input No. 2527-NFPA 70-2023 [ Section No. 422.31 ]

422.31  Disconnection of Permanently Connected Appliances.

For appliances that do not have a disconnecting means in accordance with 422.33 or 422.34, a
disconnecting means shall be provided in accordance with 422.31(A), (B), or (C).

(A)  Rated at Not over 300 Volt-Amperes or 1⁄8 Horsepower.

For permanently connected appliances rated at not over 300 volt-amperes or 1⁄8 hp, the branch-
circuit overcurrent device shall be permitted to serve as the disconnecting means where the
switch or circuit breaker is within sight from the appliance or be capable of being locked in the
open position in compliance with lockable open in accordance with 110.25.

(B)  Appliances Rated over 300 Volt-Amperes.

For permanently connected appliances rated over 300 volt-amperes, the branch-circuit switch
or circuit breaker shall be permitted to serve as the disconnecting means where the switch or
circuit breaker is within sight from the appliance or be capable of being locked in the open
position in compliance with lockable open in accordance with 110.25.

Informational Note: See 422.34 for appliances employing unit switches.

(C)  Motor-Operated Appliances Rated over 1⁄8 Horsepower.

The disconnecting means shall comply with 430.109 and 430.110. For permanently connected
motor-operated appliances with motors rated over 1⁄8 hp, the disconnecting means shall be
within sight from the appliance or be capable of being locked in the open position in compliance
lockable open in accordance with 110.25.

Exception: If an appliance is provided with a unit switch that complies with 422.34(A), (B), or
(C), the switch or circuit breaker serving as the other disconnecting means shall be permitted
to be out of sight from the appliance.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The text is revised to comply with the NEC Style Manual. The 
NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 Lockable Open. Where a 
requirement specifies that a disconnecting means be capable of being locked in the open position, the 
phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 19 21:32:21 EDT 2023

Committee: NEC-P17
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Public Input No. 3734-NFPA 70-2023 [ Section No. 424.3 ]

424.3  XX  Other Articles.

Fixed electric space-heating equipment incorporating a hermetic refrigerant motor-compressor
shall additionally comply with Table 424.3 unless amended by this article.

Table 424.3 Other Articles

Equipment Article

Air-conditioning and refrigerating equipment 440 (Parts I, II, III, IV, V, VI)

Statement of Problem and Substantiation for Public Input

The section should be relocated for compliance with the NEC Style Manual Section 2.2.1.

Submitter Information Verification

Submitter Full Name: Derrick Atkins

Organization: Minneapolis Electrical JATC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 15:06:09 EDT 2023

Committee: NEC-P17
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Public Input No. 3207-NFPA 70-2023 [ Section No. 424.4(B) ]

(B)  Branch-Circuit Conductor Sizing.

The branch-circuit conductor(s) ampacity and the overcurrent protective device ampere rating
shall not be less than 125 percent of the load of the fixed electric space-heating equipment and
any associated motor(s).

Statement of Problem and Substantiation for Public Input

Added text for sizing the overcurrent protective device at 125% just like for the branch circuit 
conductors. It is recognized that 424.22 has overcurrent protection requirements, but this proposed 
language is more specific and adds clarity for Code users. Conductors have an ampacity and 
overcurrent protective devices have an ampere rating. Making these edits to make those points clear 
in the requirement. 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 11:19:49 EDT 2023

Committee: NEC-P17
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Public Input No. 3733-NFPA 70-2023 [ Section No. 424.6 ]

424.6  2  Listed Equipment.

Electric baseboard heaters, heating cables, duct heaters, and radiant heating systems shall be
listed and labeled.

Statement of Problem and Substantiation for Public Input

The section should be relocated to 424.2 for compliance with the NEC Style Manual Section 2.2.1.

Submitter Information Verification

Submitter Full Name: Derrick Atkins

Organization: Minneapolis Electrical JATC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 15:05:07 EDT 2023

Committee: NEC-P17
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Public Input No. 1910-NFPA 70-2023 [ New Section after 424.12(B) ]

424.12 (C) Bathtub and Shower Space

Heater and related equipment shall not be installed inside of the tub or shower or within a zone
measured 900mm (3ft) horizontally from any edge of the bathtub or shower stall, including the
space outside the bathtub or shower space below the zone.

The zone also includes the space measured vertically from the floor to 2.5m (8ft.) above the top
of the bathtub rim or shower stall threshold. The identified zone is all-encompassing and shall
include the space directly over the bathtub or shower stall and the space below the zone but
not the space separated by by a floor, wall, ceiling, room door, window or fixed barrier.

Statement of Problem and Substantiation for Public Input

The NEC clearly covers the installation of receptacles, switches and luminaires within the bathtub and 
shower areas. I have had people enquire about placing electric wall heaters or the indoor unit 
(evaporator) of a mini split system with in this area. I think the NEC needs to address this and avoid a 
potential hazard.

Submitter Information Verification

Submitter Full Name: IEC National

Organization: Clay Carroll - Ace Electric

Affiliation: IEC Central Ohio

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 07 14:47:11 EDT 2023

Committee: NEC-P17
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Public Input No. 2697-NFPA 70-2023 [ Section No. 424.19(A)(2) ]

(2)  Heater Containing a Motor(s) Rated over 1⁄8 Horsepower.

The disconnecting means required by 424.19 shall be permitted to serve as the required
disconnecting means for both the motor controller(s) and heater under either of the following
conditions:

(1) Where the disconnecting means is in sight from the motor controller(s) and the heater and
complies with Part IX of Article 430 , Part IX .

(2) Where a motor(s) of more than 1⁄8 hp and the heater are provided with a single unit switch
that complies with 422.34(A), (B), (C), or (D), the disconnecting means shall be permitted
to be out of sight from the motor controller.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 24 17:23:19 EDT 2023

Committee: NEC-P17
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Public Input No. 2528-NFPA 70-2023 [ Section No. 424.19(B)(1) ]

(1)  Without Motor or with Motor Not over 1⁄8 Horsepower.

For fixed electric space-heating equipment without a motor rated over 1⁄8 hp, the branch-circuit
switch or circuit breaker shall be permitted to serve as the disconnecting means where the
switch or circuit breaker is within sight from the heater or is capable of being locked in the open
position in compliance lockable open in accordance with 110.25.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The text is revised to comply with the NEC Style Manual. The 
NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 Lockable Open. Where a 
requirement specifies that a disconnecting means be capable of being locked in the open position, the 
phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 19 21:37:23 EDT 2023

Committee: NEC-P17
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Public Input No. 2698-NFPA 70-2023 [ Section No. 424.22(A) ]

(A)  Branch-Circuit Devices.

Electric space-heating equipment, other than motor-operated equipment required to have
additional overcurrent protection by Article 430, Parts III and IV of Article 430  or IV or Article
440, Parts III and VI of Article 440 , shall be permitted to be protected against overcurrent
where supplied by one of the branch circuits in Part II of Article 210 , Part II .

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 24 17:24:51 EDT 2023

Committee: NEC-P17
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Public Input No. 99-NFPA 70-2023 [ Section No. 424.44(E) ]

(E)  Ground-Fault Circuit-Interrupter Protection.

In addition to the requirements in 210.8, ground-fault circuit-interrupter protection
GFCI  protection for personnel shall be provided for cables installed in electrically heated floors
of bathrooms, kitchens, and in hydromassage bathtub locations.

Statement of Problem and Substantiation for Public Input

Editorial changes only. No technical changes here. This revision merely seeks to mimic GFCI language 
used throughout the Code.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 100-NFPA 70-2023 [Section No. 424.45(E)]

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jan 11 11:34:15 EST 2023
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Public Input No. 100-NFPA 70-2023 [ Section No. 424.45(E) ]

(E)  Ground-Fault Circuit-Interrupter Protection.

In addition to the requirements in 210.8, ground-fault circuit-interrupter protection
GFCI  protection for personnel shall be provided.

Statement of Problem and Substantiation for Public Input

Editorial only. No technical changes here. This revision seeks to mimic GFCI language used through 
the Code

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 99-NFPA 70-2023 [Section No. 424.44(E)] GFCI language

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jan 11 11:36:13 EST 2023
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Public Input No. 235-NFPA 70-2023 [ Section No. 424.47 ]

424.47  Label Provided by Manufacturer.

The manufacturers of electric space-heating cables shall provide marking labels that indicate
that the space-heating installation incorporates electric space-heating cables and instructions
that the labels shall be affixed to the panelboards to panelboard enclosure where the branch
circuits originate to identify which branch circuits supply circuits supply the circuits to those
space-heating installations. If the electric space-heating cable installations are visible and
distinguishable after installation, the labels shall not be required to be provided and affixed to
the panelboards. panelboard enclosures

Additional Proposed Changes

File Name Description Approved

424.47_label.pdf Example of 424.47 label 

Statement of Problem and Substantiation for Public Input

Installing labels on the panelboard  (busbars) itself is certainly not the intent here. I believe the intent is 
to have these labels installed
on the ENCLOSURE for the panelboard. This revision clarifies the intent.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 238-NFPA 70-2023 [Section No. 408.5]

Public Input No. 239-NFPA 70-2023 [Section No. 550.10(B)]

Public Input No. 240-NFPA 70-2023 [Section No. 552.43(B)]

Public Input No. 241-NFPA 70-2023 [Section No. 250.32(D)]

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jan 28 10:33:01 EST 2023
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Public Input No. 3209-NFPA 70-2023 [ Section No. 424.65 ]

424.65  Location of Disconnecting Means.

Duct heater controller equipment shall be accessible with the disconnecting means installed
within sight from the controller or as permitted by 424.19(A B ).

Statement of Problem and Substantiation for Public Input

The correct reference is “424.19(B) Heating Equipment Without Supplementary Overcurrent 
Protection,” not “424.19(A) Heating Equipment with Supplementary Overcurrent Protection.”

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 11:24:13 EDT 2023

Committee: NEC-P17
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Public Input No. 2699-NFPA 70-2023 [ Section No. 424.80 ]

424.80  Scope.

The provisions in Part VIII of this article shall apply to boilers for operation at 600 volts, nominal,
or less, in which heat is generated by the passage of current between electrodes through the
liquid being heated.

Informational Note: See Part V of Article 495 for , Part V for over 1000 volts.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 24 17:26:30 EDT 2023

Committee: NEC-P17
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Public Input No. 3738-NFPA 70-2023 [ Section No. 425.3 ]

425.3  XX  Other Articles.

Fixed industrial process heating equipment incorporating a hermetic refrigerant motor-
compressor shall additionally comply with Table 425.3.

Table 425.3 Other Articles

Equipment Article

Motors, motor circuits, and controllers 430

Air-conditioning and refrigerating equipment 440 (Parts I through IV)

Statement of Problem and Substantiation for Public Input

The requirement should be relocated for compliance with the NEC Style Manual Section 2.2.1.

Submitter Information Verification

Submitter Full Name: Derrick Atkins

Organization: Minneapolis Electrical JATC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 15:16:15 EDT 2023
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Public Input No. 996-NFPA 70-2023 [ Section No. 425.3 ]

425.3  Other Articles.

Fixed industrial process heating equipment incorporating a hermetic refrigerant motor-
compressor shall additionally comply with Table 425.3.

Table 425.3 Other Articles

Equipment Article

Motors, motor circuits, and controllers 430 (Parts I through VII, and Parts IX through XIV)

Air-conditioning and refrigerating equipment 440 (Parts I through IV)

Statement of Problem and Substantiation for Public Input

Section .1.4 of the NEC(r) Style Manual prohibits reference to an entire article, except for Article 100 or 
where required for context.  As such, I've proposed what I believe to be applicable parts of Article 430 
that would apply to these machines to comply with the style manual and improve usability of the Code. 

Submitter Information Verification

Submitter Full Name: Richard Holub

Organization: The DuPont Company, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jun 08 14:21:09 EDT 2023

Committee: NEC-P17
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Public Input No. 3739-NFPA 70-2023 [ Section No. 425.6 ]

425.6  2  Listed Equipment.

Fixed industrial process heating equipment shall be listed.

Statement of Problem and Substantiation for Public Input

The requirement should be relocated to 425.2 for compliance with the NEC Style Manual Section 
2.2.1.

Submitter Information Verification

Submitter Full Name: Derrick Atkins

Organization: Minneapolis Electrical JATC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 15:17:27 EDT 2023

Committee: NEC-P17
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Public Input No. 2530-NFPA 70-2023 [ Section No. 425.19(A)(1) ]

(1)  Heater Containing No Motor Rated over 1⁄8 Horsepower.

The disconnecting means specified in 425.19 or unit switches complying with 425.19(C) shall
be permitted to serve as the required disconnecting means for both the motor controller(s) and
heater under either of the following conditions:

(1) The disconnecting means provided is also within sight from the motor controller(s) and the
heater.

(2) The disconnecting means is capable of being locked in the open position in compliance
with lockable open in accordance with 110.25.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The text is revised to comply with the NEC Style Manual. The 
NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 Lockable Open. Where a 
requirement specifies that a disconnecting means be capable of being locked in the open position, the 
phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 19 21:41:18 EDT 2023

Committee: NEC-P17
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Public Input No. 2531-NFPA 70-2023 [ Section No. 425.19(A)(2) ]

(2)  Heater Containing a Motor(s) Rated over 1⁄8 Horsepower.

The disconnecting means required by 425.19(A)(1) shall be permitted to serve as the required
disconnecting means for both the motor controller(s) and heater under either of the following
conditions:

(1) The disconnecting means is in sight from the motor controller(s) and the heater and
complies with Part IX of Article 430.

(2) Motor(s) of more than 1⁄8 hp and the heater are provided with disconnecting means. The
disconnecting means shall be permitted to be out of sight from the motor controller and
shall be capable of being locked in the open position in compliance lockable open in
accordance with 110.25.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The text is revised to comply with the NEC Style Manual. The 
NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 Lockable Open. Where a 
requirement specifies that a disconnecting means be capable of being locked in the open position, the 
phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 19 21:42:48 EDT 2023

Committee: NEC-P17
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Public Input No. 2700-NFPA 70-2023 [ Section No. 425.19(A)(2) ]

(2)  Heater Containing a Motor(s) Rated over 1⁄8 Horsepower.

The disconnecting means required by 425.19(A)(1) shall be permitted to serve as the required
disconnecting means for both the motor controller(s) and heater under either of the following
conditions:

(1) The disconnecting means is in sight from the motor controller(s) and the heater and
complies with Part IX of Article 430 , Part IX .

(2) Motor(s) of more than 1⁄8 hp and the heater are provided with disconnecting means. The
disconnecting means shall be permitted to be out of sight from the motor controller and
shall be capable of being locked in the open position in compliance with 110.25.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 24 17:27:52 EDT 2023

Committee: NEC-P17
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Public Input No. 2532-NFPA 70-2023 [ Section No. 425.19(B) ]

(B)  Heating Equipment Without Supplementary Overcurrent Protection.

(1)  Without Motor or with Motor Not over 1⁄8 Horsepower.

For fixed industrial process heating equipment without a motor rated over 1⁄8 hp, the branch-
circuit switch or circuit breaker shall be permitted to serve as the disconnecting means where
the switch or circuit breaker is within sight from the heater, shall be permitted to be out of sight
from the motor controller, and shall be capable of being locked in the open position in
compliance lockable open in accordance with 110.25.

(2)  Over 1⁄8 Horsepower.

For motor-driven fixed industrial process heating equipment with a motor rated over 1⁄8 hp, a
disconnecting means shall be located within sight from the motor controller or shall be permitted
to be out of sight from the motor controller and shall be capable of being locked in the open
position in compliance lockable open in accordance with 110.25.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The text is revised to comply with the NEC Style Manual. The 
NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 Lockable Open. Where a 
requirement specifies that a disconnecting means be capable of being locked in the open position, the 
phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 19 21:44:05 EDT 2023

Committee: NEC-P17
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Public Input No. 2529-NFPA 70-2023 [ Section No. 425.19 [Excluding any Sub-

Sections] ]

Means shall be provided to simultaneously disconnect the heater, motor controller(s), and
supplementary overcurrent protective device(s) of all fixed industrial process heating equipment
from all ungrounded conductors. Where heating equipment is supplied by more than one
source, feeder, or branch circuit, the disconnecting means shall be grouped and identified as
having multiple disconnecting means. Each disconnecting means shall simultaneously
disconnect all ungrounded conductors that it controls. The disconnecting means specified in
425.19(A) and (B) shall have an ampere rating not less than 125 percent of the total load of the
motors and the heaters and shall be capable of being locked in the open position in compliance
lockable open in accordance with 110.25.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The text is revised to comply with the NEC Style Manual. The 
NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 Lockable Open. Where a 
requirement specifies that a disconnecting means be capable of being locked in the open position, the 
phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 19 21:39:29 EDT 2023

Committee: NEC-P17
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Public Input No. 2701-NFPA 70-2023 [ Section No. 425.22(A) ]

(A)  Branch-Circuit Devices.

Fixed industrial process heating equipment, other than motor-operated equipment required to
have additional overcurrent protection by Article 430, Parts III and IV of Article 430  or Part III
of Article IV or Article 440 , Part III, shall be permitted to be protected against overcurrent
where supplied by one of the branch circuits in Article 210, Part II of Article 210 .

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 24 17:29:43 EDT 2023

Committee: NEC-P17
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Public Input No. 4168-NFPA 70-2023 [ Article 426 ]

Article  426  Fixed Outdoor Electric Deicing and Snow-Melting Equipment

Part I.  General

426.1  Scope.

This article covers fixed outdoor electric deicing and snow-melting equipment and the
installation of these systems.

(A)  Embedded.

Embedded in driveways, walks, steps, roads, and other areas.

(B)  Exposed.

Exposed on drainage systems, bridge structures, roofs, roads, and other structures.

Informational Note: See ANSI/IEEE 515.1-2012, Standard for the Testing, Design,
Installation and Maintenance of Electrical Resistance Trace Heating for Commercial
Applications, for further information. See IEEE 844/CSA 293 series of standards for fixed
outdoor electric deicing and snow-melting equipment.

( C)  Combination.  Combinations of embedded and exposed equipment in driveways, walks,
steps, roads, bridge structures, and similar locations.

426.3  Other Articles.

Cord-and-plug-connected fixed outdoor electric deicing and snow-melting equipment shall
additionally comply with Table 426.3.

Table 426.3 Other Articles

Equipment Article

Appliances 422 (Parts I, II, III, IV, V)

426.4  Continuous Load.

Fixed outdoor electric deicing and snow-melting equipment shall be considered a continuous
load.

426.6 Listing.  A conductive pavement heating system shall be listed and installed in
accordance with the installation instructions and conductive pavement mixture specifications. 

Part II.  Installation

426.10  General.

Equipment for outdoor electric deicing and snow melting shall be identified as suitable for the
environment and installed in accordance with the manufacturer’s instructions.

426.11  Use.

Electric heating equipment shall be installed in such a manner as to be afforded protection from
physical damage.

426.12  Thermal Protection.

External surfaces of outdoor electric deicing and snow-melting equipment that operate at
temperatures exceeding 60°C (140°F) shall be physically guarded, isolated, or thermally
insulated to protect against contact by personnel in the area.
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426.13  Identification.

The presence of outdoor electric deicing and snow-melting equipment shall be evident by the
posting of appropriate caution signs or markings where clearly visible.

Part III.  Resistance Heating Elements

426.20  Embedded Deicing and Snow-Melting Equipment.

(A)  Watt Density.

Panels or units shall not exceed 1300 watts/m2 (120 watts/ft2) of heated area.

(B)  Spacing.

The spacing between adjacent cable runs is dependent upon the rating of the cable and shall
be not less than 25 mm (1 in.) on centers.

(C)  Cover.

Units, panels, or cables shall be installed as follows:

(1) On a substantial concrete, masonry, or asphalt base at least 50 mm (2 in.) thick and have
at least 38 mm (11⁄2 in.) of concrete, masonry, or asphalt applied over the units, panels, or
cables; or

(2) They shall be permitted to be installed over other identified bases and embedded within
90 mm (31⁄2 in.) of concrete, masonry, or asphalt but not less than 38 mm (11⁄2 in.) from the
top surface; or

(3) Equipment that has been listed for other forms of installation shall be installed only in the
manner for which it has been identified.

(D)  Secured.

Cables, units, and panels shall be secured in place by frames or spreaders or other approved
means while the concrete, masonry, or asphalt finish is applied.

(E)  Expansion and Contraction.

Cables, units, and panels shall not be installed where they bridge expansion joints unless
provision is made for expansion and contraction.

426.21  Exposed Deicing and Snow-Melting Equipment.

(A)  Secured.

Heating element assemblies shall be secured to the surface being heated by identified means.

(B)  Overtemperature.

Where the heating element is not in direct contact with the surface being heated, the design of
the heater assembly shall be such that its temperature limitations shall not be exceeded.

(C)  Expansion and Contraction.

Heating elements and assemblies shall not be installed where they bridge expansion joints
unless provision is made for expansion and contraction.

(D)  Flexural Capability.

Where installed on flexible structures, the heating elements and assemblies shall have a
flexural capability that is compatible with the structure.

426.22  Installation of Nonheating Leads for Embedded Equipment.

(A)  Grounding Sheath or Braid.

Except as permitted under 426.22(B), nonheating leads installed in concrete, masonry, or
asphalt shall be provided with a grounding sheath or braid in accordance with 426.27 or shall be
enclosed in rigid metal conduit, electrical metallic tubing, intermediate metal conduit, or other
metal raceways.
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(B)  Splice Connections.

The splice connection between the nonheating lead and heating element, within concrete,
masonry, or asphalt, shall be located no less than 25 mm (1 in.) and no more than 150 mm
(6 in.) from the metal raceway. The length of the nonheating lead from the metal raceway to the
splice assembly shall be permitted to be provided without a grounding sheath or braid.
Grounding continuity shall be maintained.

(C)  Bushings.

Insulating bushings shall be used in the concrete, masonry, or asphalt where the leads enter a
metal raceway.

(D)  Expansion and Contraction.

Leads shall be protected in expansion joints in accordance with 300.4(H) or installed in
accordance with the manufacturer’s instructions.

(E)  Emerging from Grade.

Exposed nonheating leads shall be protected by raceways or other identified means.

(F)  Leads in Junction Boxes.

Not less than 150 mm (6 in.) of free nonheating lead shall be within the junction box.

426.23  Installation of Nonheating Leads for Exposed Equipment.

(A)  Nonheating Leads.

Power supply nonheating leads (cold leads) for resistance elements shall be identified for the
temperature encountered. Not less than 150 mm (6 in.) of nonheating leads shall be provided
within the junction box. Preassembled factory-supplied and field-assembled nonheating leads
on approved heaters shall be permitted to be shortened if the markings specified in 426.25 are
retained.

(B)  Protection.

Nonheating power supply leads shall be enclosed in a rigid conduit, intermediate metal conduit,
electrical metallic tubing, or other approved means.

426.24  Electrical Connection.

(A)  Heating Element Connections.

Electrical connections, other than factory connections of heating elements to nonheating
elements embedded in concrete, masonry, or asphalt or on exposed surfaces, shall be made
with insulated connectors identified for the use.

(B)  Circuit Connections.

Splices and terminations at the end of the nonheating leads, other than the heating element
end, shall be installed in a box or fitting in accordance with 110.14 and 300.15.

426.25  Marking.

Each factory-assembled heating unit shall be legibly marked within 75 mm (3 in.) of each end of
the nonheating leads with the permanent identification symbol, catalog number, and ratings in
volts and watts or in volts and amperes.

426.26  Corrosion Protection.

Ferrous and nonferrous metal raceways, cable armor, cable sheaths, boxes, fittings, supports,
and support hardware shall be permitted to be installed in concrete or in direct contact with the
earth, or in areas subject to severe corrosive influences, where made of material suitable for the
condition, or where provided with corrosion protection identified as suitable for the condition.

426.27  Grounding Braid or Sheath.

Grounding means, such as copper braid, metal sheath, or other approved means, shall be
provided as part of the heated section of the cable, panel, or unit.
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426.28  Ground-Fault Protection.

Ground-fault protection shall be provided for fixed outdoor electric deicing and snow-melting
equipment. The trip level of ground-fault protection shall be as specified by the manufacturer.

Part IV.  Impedance Heating

426.30  Personnel Protection.

Exposed elements of impedance heating systems shall be physically guarded, isolated, or
thermally insulated with a weatherproof jacket to protect against contact by personnel in the
area.

426.31  Isolation Transformer.

An isolation transformer with a grounded shield between the primary and secondary windings
shall be used to isolate the distribution system from the heating system.

426.32  Voltage Limitations.

The secondary winding of the isolation transformer connected to the impedance heating
elements shall not have an output voltage greater than 30 volts ac.

426.33  Induced Currents.

All current-carrying components shall be installed in accordance with 300.20.

Part V.  Skin-Effect Heating

426.40  Conductor Ampacity.

The current through the electrically insulated conductor inside the ferromagnetic envelope shall
be permitted to exceed the ampacity values shown in Table 310.16, provided it is identified as
suitable for this use.

426.41  Pull Boxes.

Where pull boxes are used, they shall be accessible without excavation by location in suitable
vaults or above grade. Outdoor pull boxes shall be of watertight construction.

426.42  Single Conductor in Enclosure.

The provisions of 300.20 shall not apply to the installation of a single conductor in a
ferromagnetic envelope (metal enclosure).

426.43  Corrosion Protection.

Ferromagnetic envelopes, ferrous or nonferrous metal raceways, boxes, fittings, supports, and
support hardware shall be permitted to be installed in concrete or in direct contact with the
earth, or in areas subjected to severe corrosive influences, where made of material suitable for
the condition, or where provided with corrosion protection identified as suitable for the condition.
Corrosion protection shall maintain the original wall thickness of the ferromagnetic envelope.

426.44  Equipment Grounding Conductor.

The ferromagnetic envelope shall be connected to an equipment grounding conductor at both
ends; and, in addition, it shall be permitted to be connected to an equipment grounding
conductor at intermediate points as required by its design.

Section 250.30 shall not apply to the installation of skin-effect heating systems.
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Part VI Conductive Pavement Heating Systems

426 . 60 General . Except as modified in this Part, conductive pavement heating systems
shall comply with Parts I, II and VII of Article 426 and the following additional requirements.

426.62 Engineered Design . 

The engineering design shall comply with all the following.

(A) Site Specific Design .  Conductive pavement heating systems shall be designed and
specified for specific installation site applications within the limits of the listing and
manufacturer’s installation instructions. 

(B) Professional Engineer Required .  The engineer shall be a licensed professional
electrical engineer retained by the system owner or installer.

(C) Documentation . Documentation of the engineered design of the conductive pavement
heating system shall be stamped and provided to the Authority Having Jurisdiction.  The
installation instructions, mixture specifications, and required conductivity test reports shall be
provided to the Authority Having Jurisdiction.

(D) Additional Design Information .  Additional stamped independent engineering reports
detailing compliance of the design with applicable electrical standards and industry practice
shall be provided upon request of the Authority Having Jurisdiction.

(E) Conformance Documentation .  Conformance documentation shall include details of
conformance of the design with the applicable parts of Article 426, or other articles of this
Code.

426.64 Installation Engineering Supervision .  Conductive pavement heating systems shall
be installed under design engineering supervision and in accordance with the manufacturer’s
instructions.  All documentation shall be provided to the Authority Having Jurisdiction.

426.66 Conductive Pavement Heating System

(A) Cover .  Embedded electrodes shall be installed in accordance with the product listing and
the following:

(1)  On a substantial concrete, masonry, or asphalt base at least 100 mm (4 in.) thick and
having at least 50 mm (2 in.) of conductive pavement applied under the electrodes and over
the top of the electrodes; or

(2)  The electrodes shall be permitted to be installed over other identified structural bases and
embedded within 150 mm (6 in.) of conductive pavement with not less than 50 mm (2 in.)
under the electrodes and over the top of the electrodes; or

(3)  Equipment that has been listed for other forms of installation shall be installed only in the
manner for which it has been identified.

(B) Secured .  Electrodes and supply conductors shall be secured in place by frames or
spreaders or other approved means while the conductive pavement is installed.

(C) Expansion and Contraction .  Electrodes and supply conductors shall not be installed
where they bridge expansion joints unless provision is made for expansion, contraction or
other movement.

(D) Overtemperature .  The conductive pavement system shall be monitored for surface
temperatures and have overtemperature protection installed set not greater than 15 ° C
(60 ° F).  An overtemperature condition shall cause the power to the electrodes to be
deenergized.
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( E) Flexural Capability .  Where installed on flexible structures, the electrodes and associated
equipment shall have a flexural capability that is compatible with the movement of the
structure.

426.68- Installation of Nonheating Leads .

A) Nonheating Leads .  Power supply nonheating leads (cold leads) for connection to the
electrodes shall be identified for the temperature encountered.  Not less than 150 mm (6 in.) of
nonheating leads shall be provided within junction boxes.

(B) Protection .  Nonheating leads shall be enclosed in a rigid nonmetallic conduit or other
approved means.

426.70 Electrical Connection.

(A) Electrode Connections .  Electrical connections, other than factory connections of
electrodes to nonheating leads, shall be made with insulated connectors identified for the use.

(B) Circuit Connections .  Splices and terminations at the end of the nonheating leads, other
than the electrode end, shall be installed in a box or fitting in accordance with 110.14 and
300.15.

426.72 Corrosion Protection .  Ferrous and nonferrous metal raceways, boxes, fittings,
supports, and support hardware shall be permitted to be installed in pavement or in direct
contact with the earth, or in areas subject to severe corrosive influences, where made of
material suitable for the condition, or where provided with corrosion protection identified as
suitable for the condition.

426.74 Ground-Fault Protection .  Ground-fault protection of equipment shall be provided for
the electrodes used in conductive pavement heating systems.  The trip level of ground-fault
protection shall be as specified by the conductive pavement heating system manufacturer and
listing.

426.76 Conductive Pavement Materials .  The conductive pavement materials shall be mixed
in accordance with the specifications from the installation instructions.  The maximum and
minimum limits for resistance or conductivity shall be provided in the installation instructions
and in accordance with the listing.

426.78 Conductivity Testing .  The conductive pavement material mixture shall be tested for
resistance or conductivity and the test report provided to the Authority Having Jurisdiction. 
Final approval for the installation shall not be granted until all material test reports have been
provided and reviewed.

426.80 Equipment Mounting .   Structures or equipment mounted onto the conductive
pavement surface shall be electrically bonded together and connected to the equipment
grounding system.

426.82 Grounding and Bonding .  

An 8 AWG bare copper ground ring shall be installed and connected to the equipment
grounding conductors.  The ground ring and associated connections shall comply with the
following:

(1) The conductors follow the contour of the perimeter surface.

(2) Only listed splicing devices suitable for direct burial or concrete encasement, or
exothermic welding are used.

(3) The conductor(s) is 150 mm to 300 mm (6 in. to 12 in.) outside the perimeter of the
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conductive pavement heating system.

(4) The conductor(s) is under the perimeter surface 100 mm to 150 mm (4 in. to 6 in.)
below finished grade.

Part VII.  Control and Protection

426.50  90  Disconnecting Means.

(A)  Disconnection.

All fixed outdoor deicing and snow-melting equipment shall be provided with a means for
simultaneous disconnection from all ungrounded conductors. Where readily accessible to the
user of the equipment, the branch-circuit switch or circuit breaker shall be permitted to serve as
the disconnecting means. The disconnecting means shall be of the indicating type and be
capable of being locked in the open (off) position.

(B)  Cord-and-Plug-Connected Equipment.

The factory-installed attachment plug of cord-and-plug-connected equipment rated 20 amperes
or less and 150 volts or less to ground shall be permitted to be the disconnecting means.

426.51  92  Controllers.

(A)  Temperature Controller with “Off” Position.

Temperature-controlled switching devices that indicate an “off” position and that interrupt line
current shall open all ungrounded conductors when the control device is in the “off” position.
These devices shall not be permitted to serve as the disconnecting means unless they are
capable of being locked in the open position in compliance with 110.25.

(B)  Temperature Controller Without “Off” Position.

Temperature controlled switching devices that do not have an “off” position shall not be required
to open all ungrounded conductors and shall not be permitted to serve as the disconnecting
means.

(C)  Remote Temperature Controller.

Remote controlled temperature-actuated devices shall not be required to meet the requirements
of 426.51(A). These devices shall not be permitted to serve as the disconnecting means.

(D)  Combined Switching Devices.

Switching devices consisting of combined temperature-actuated devices and manually
controlled switches that serve both as the controller and the disconnecting means shall comply
with all of the following conditions:

(1) Open all ungrounded conductors when manually placed in the “off” position

(2) Be so designed that the circuit cannot be energized automatically if the device has been
manually placed in the “off” position

(3) Be capable of being locked in the open position in compliance with 110.25

426.54  94  Cord-and-Plug-Connected Deicing and Snow-Melting Equipment.

Cord-and-plug-connected deicing and snow-melting equipment shall be listed.

Additional Proposed Changes

File Name Description Approved

Electrically_Conductive_Pavement_Heating_System_Defin_Submission.docx

PI 3479 
definition of 
Conductive 
Pavement 
Heating 
System 
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ISU_Rpt_10_21_self-heating_electrically_conductive_concrete_w_cvr.pdf

Iowa State 
University 
Research 
Report.  This is 
in public 
domain with 
web site cited 
in 
substantiation. 

ECON_2023_NEC_Article_426_Draft_7.0_09062023.docx

Clean word file 
for revisions to 
Article 426 to 
ensure Terra 
errors are not 
included and 
clean 
substantiation 

Statement of Problem and Substantiation for Public Input

Introduction

A conductive concrete heating system that has been developed by the Iowa State University 
Department of Civil, Construction and Environmental Engineering with several pilot installations.  
These installations have the pavement surface with electrodes embedded within the pavement and 
placed at a set distance but not in direct contact with each other.  The pavement mixture has additives, 
such as carbon fiber, included to enhance and increase the conductivity.  

Existing NEC Does Not Provide Coverage

The present NEC requirements do not address this new technology.  Because this technology is very 
different than present systems covered by Article 426 a new Part VI is proposed along with other 
changes specific to the conductive pavement applications.  Many of these requirements were taken 
from those existing in Article 426 and adapted to this new technology.

Background

Over the past decade several research projects have been undertaken to develop alternate methods 
for snow melting and deicing paved surfaces.  This includes sidewalks, steps to public buildings, 
bridges, bus stops, roadways and similar locations.  The primary driver behind seeking the alternatives 
is the environmental impact of using chemicals as well as the cost in labor and equipment to facilitate 
snow or ice removal.  Even with all the efforts from government and private entities, there are 
numerous minor to very serious injuries every year from slips and falls on icy or snow-covered 
walkways.  

These projects have ranged from University of Alaska, Anchorage to Iowa State University Department 
of Civil, Construction and Environmental Engineering among others.  There is also interest in 
implementing this technology by the FAA, transportation departments in Michigan, Colorado, Missouri 
and others as well as the US Department of Transportation.  A web search will identify a number of 
research papers and other literature promoting the concept of heated pavements using other than the 
traditional methods.  Many pavement materials, concrete or asphalt for example, have some level of 
conductivity.  Regular Portland Cement Concrete (PCC) is conductive and is recognized as such by 
the NEC, for example, its use in a concrete encased electrode, reference 250.52(A)(3) and as a 
grounded surface when considering working space in 110.26(A) and 110.34(A).  For further information 
on the research from Iowa State University, see the final report from October 2021 by Iowa State 
University at this web site:  

https://intrans.iastate.edu/research/completed/self-heating-electrically-conductive-concrete-
demonstration-project/
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System Operation

Controls are provided to sense the presence of snow or ice to activate the system and monitor proper 
operation.  When the control system senses snow or icing of the pavement, the system applies a 
voltage between the electrodes, for example 120 volts AC, and current then flows through the 
resistance of the conductive pavement generating heat.  The temperatures required are only high 
enough to melt any accumulated snow or ice and to keep ice from forming on the surface.  This is 
approximately 40°F.  The system only applies power to the electrodes when needed as determined by 
a snow switch and pavement temperature sensing units.  

Proposed NEC Sections Technical Discussion

A new definition for Conductive Pavement Heating System has been added to Article 100 for this new 
technology.  This has been recommended to be under the purview of CMP-17 and applicable to Article 
426 only.  This is to be considered under public input 3479. 

The scope of Article 426 has been modified to accommodate this technology and provide coverage for 
this system that has a combination of embedded and exposed elements.  Since this new technology is 
neither fully embedded nor fully exposed, a new item “(C)” has been added to incorporate systems that 
are a combination of embedded and exposed elements.  The electrodes for this system are fully 
embedded into the pavement but since the pavement itself is part of the heating circuit, that is 
obviously exposed.

A new listing requirement, 426.6, has been added specific to this technology.  The numbering and 
location are to comply with the NEC Style Manual.  The Iowa Department of Transportation has 
engaged UL Solutions in developing the listing requirements, either as a modification to an existing 
standard or development of a new standard.  That project is being conducted in parallel and 
coordinated with the proposed changes to the NEC as this Code cycle progresses.  

No changes are proposed to Parts II through V as these parts are specific with different concepts and 
unrelated technologies.  Due to the unique nature of this technology, it was determined a whole new 
part was needed, therefore the creation of the new Part VI and renumbering of the existing Part VI to 
Part VII.  This is consistent with other parts in Article 426 that address a specific type of equipment or 
system.

New Part VI

The new part is recommended to become Part VI and the existing Part VI to be renumbered to Part VII 
with applicable renumbering of the three affected sections.  The public input has made the applicable 
edits to the new Part VII and verified renumbering in cross references.  Many of the requirements in 
this part were extracted from previous parts and modified to fit this new technology.  The general 
sequence remained the same as in previous parts for consistency and usability.

A new general requirement is included to clarify what previous parts of Article 426 are to be included 
for installations of conductive pavement heating systems.  In addition to the listing requirements, the 
design and oversight of the installation of conductive pavement heating systems is required to be 
conducted by a registered professional engineer.  This is similar to existing NEC requirements found in 
371.14 and 691.6.  Having the design professional for the custom design of each system with the 
standardized specification and listing by a recognized testing laboratory provides the Authority Having 
Jurisdiction with a solid body of information to assist in the approval of the installation.  This aspect 
was strongly recommended by the AHJs that are part of the Iowa DOT team working on this project.  

There are clear documentation requirements for the initial design through the final installation to be 
provided to the Authority Having Jurisdiction for review and approval.  The manufacturer’s instructions, 
that will be part of the listing, and the specifications for the pavement batch mixing are required for the 
AHJ to evaluate conformance of the installation.  This is aided by the requirement that the design 
engineer oversee the installation and provide to the AHJ specific reports as part of the project.  One of 
these reports would be the testing results for the resistance or conductivity of the conductive pavement 
materials.  The testing specifics are in development but will likely include fresh “wet” testing as well as 
testing after a curing period.  
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The primary hazards are potential shock if there is sufficient voltage on the surface where someone 
can contact it and have current through the body.  This is considered for when both contact points are 
on the conductive pavement and when one is on the pavement and the is off the pavement on an 
adjacent surface.  Part of the research completed by Iowa State University has determined this 
condition to be mitigated to a safe level and further evaluation will be part of the UL Solutions project.  

The other hazard is from a surface becoming excessively hot.  The level of heat required is only to 
melt snow or prevent icing, which is about 40°F per the research completed.  The temperature limits 
set in the proposed requirements are 15°C or 60°F which are well below the 50°C or 122°F allowed in 
many UL standards for contact without burns.

Code sections have been included for physical location of electrodes within the pavement for coverage 
of the conductive pavement material over and under the electrodes.  In addition, requirements from 
transportation construction standards are provided to ensure a solid base under the pavement to 
mitigate ground movement.  An alternative is permitted where the listing allows a different base or 
supporting system.  Expansion and contraction are also covered to ensure that this action does not 
cause failures of the electrodes or associated equipment.  Structures such as bridges are going to 
have natural movement and flexing and this needs to be accounted for in the design and installation.

The power supply lead and all controls are to be installed in non-metallic conduit such as PVC or 
RTRC to ensure physical protection of the conductors as well as isolation of the conductive pavement, 
so the current is controlled on the proper paths.  

All the electrical components are required to be resistant to corrosion for the environment at the 
intended installation site.  The electrodes in the design are specified to be a corrosion resistant 
stainless-steel material.  The other metal electrical raceways and exposed components can have 
typical corrosion resistant construction or have supplemental corrosion protection if needed by the 
environmental conditions.  

As provided in 426.28 today, ground fault protection is installed on all the power circuits to the 
electrodes.  The ground fault trip levels would be the same as 426.28 in the 20 to 50 mA range.  The 
trip level for the listed system will be part of the listing evaluation and listing specification.  As with the 
other snow melting and deicing systems, Class A GFCI has a trip level such that the system would not 
remain in operation.  

Since the pavement itself is purposefully conductive and part of the circuit, grounding and bonding will 
need to accommodate this fact.  A means for a ground ring in the surrounding area where the 
conductive pavement is installed, similar to the equipotential deck for swimming pools and spas, is 
provided in the requirements.  The equipment grounding conductors would then attach to this ground 
ring conductor as there is no place to attach within the conductive pavement without affecting the 
proper operation and control of current flow.  This ring installation will provide a return path for any 
leakage from the electrically conductive pavement. 
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EXECUTIVE SUMMARY

Many transportation agencies allocate significant time and resources each year to remove ice and
snow from their paved surfaces to achieve a safe, accessible, and operational transportation
network. An electrically conductive concrete (ECON) heated pavement system (HPS) has been
shown to be a promising alternative to conventional snow removal operations using snowplows
and deicing chemicals, which are time-consuming, labor-intensive, and environmentally
unfriendly. An ECON HPS utilizes the inherent electrical resistance of concrete to maintain the
pavement surface above freezing and thus prevent snow and ice accumulation on the surface.
Such a sustainable concrete pavement system improves infrastructure resiliency by allowing it to
be safe, open, and accessible even during harsh winter storms. The primary objective of this
study was to demonstrate the full-scale implementation of 10 ECON HPS slabs at the Iowa
Department of Transportation (DOT) headquarters south parking lot in Ames, Iowa.

To identify the most electrically and thermally efficient type of electrode through experimental
testing and theoretical analysis, several laboratory and preconstruction investigations were
conducted regarding the influence of electrode size and geometry on the resistive heating
performance of an ECON HPS. In addition, a theoretical formulation showing the relationship
between thermal and electrical performance as well as the material properties in an ECON HPS
was developed for the first time. Testing electrodes in water as a conductive medium was also
found to be a quick, nondestructive, and cost-effective alternative method for monitoring the
thermal performance of electrodes.

The field demonstration study consisted of developing the system design and identifying
electrode and sensor instrumentation procedures for the construction of the ECON HPS, which
took place during October 2018. The system design included the ECON mix design, electrode
configuration design, sensor selection, and control system design using a programmable logic
controller (PLC) to remotely control, operate, and monitor the system. Electrode and sensor
instrumentation procedures included identifying suitability in terms of performance and finding
appropriate sensors for monitoring system behavior to compare and contrast different electrode
design configurations.

The heating performance of the remotely operated ECON slabs was evaluated during the 2018
through 2021 winter seasons using instrumented sensors located under the snow and ice. The
performance evaluation showed promising results in producing snow- and ice-free pavement
surfaces through several winter weather events.

Considering the variety of tested configurations, this study provides guidance on the design of
ECON HPSs for various weather conditions, and its key findings and recommendations are as
follows:

As the largest ECON HPS implementation project, 10 ECON HPS test slabs with various
electrode configurations were constructed in the south parking lot of the Iowa DOT
headquarters. All the test slabs exhibited promising snow- and ice-free capabilities through a
variety of winter weather events.
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The power density range for all the slabs was between 10.2 W/ft2 (109.8 W/m2) and 45.6
W/ft2 (491.5 W/m2), with an average of 24.6 W/ft2 (265.1 W/m2).

Increasing the electrode diameter in circular solid bars resulted in an increase in the power
density for all electrode spacings.

Based on the theory, the experimental study, and the finite element (FE) model, the
temperature increase rate of an electrode is influenced by its surface contact area (perimeter).

A theoretical formulation was developed to describe the ECON HPS thermal behavior.

An increase in electrode size resulted in an increase in energy conversion efficiency.

Falling weight deflectometer tests showed that the average heated pavement deflections were
about 10% lower than those of regular concrete pavement slabs, indicating that the heated
slabs are stiffer with a higher modulus.

The best operational practice for heated pavements is to turn the system on before the snow
event starts and/or before snow accumulation is initiated, and the operational time and
consequent operational cost will decrease if this is done.
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1. INTRODUCTION

Transportation networks often experience a significant reduction in mobilization capacity due to
delays, sometimes resulting in a complete shutdown of some parts of a network, due to snow and
ice accumulation during winter seasons (De Langhe et al. 2013). Departments of transportation
(DOTs) and airports annually spend millions of dollars to remove snow and ice from pavements
and maintain the safety of the transportation infrastructure . For example, US
freeways, including interstates, experience 5% to 40% average speed reduction and 12% to 27%
mobilization capacity reduction during snow and ice precipitation (FHWA 2017). Implementing
heated pavement technology, especially in supporting critical infrastructure (e.g., airports,
highways), can reduce these costs by increasing transportation network resiliency during the
winter season, particularly as climate change continues to make winter seasons harsher, resulting
in more extreme conditions in some regions (Nahvi et al. 2018).

Conventional methods for removing ice and snow include the use of snow-removal equipment
and anti-icing or deicing chemicals (Baskas 2011). In 2019, the US consumed 27 million tons
(24.5 million metric tons) of rock salt for roadway deicing purposes (Bolen 2020). Such methods
are time-consuming, labor-intensive, and negatively impact the environment (Arabzadeh et al.
2017a, Ceylan et al. 2014), because deicing chemicals contaminate soil, surface runoff, and
groundwater, thereby impacting the ecological system as a whole. It has been estimated that 50%
of the world arable land could be salinized by 2050, directly affecting the global food supply
(Jamil et al. 2011). Deicing with chemicals not only affects the ecosystem but also increases the
rate of corrosion of already aging infrastructure (Guo et al. 2019).

In Iowa, snow and ice removal are expensive components in winter road maintenance for the
state DOT as well as for counties and cities. The Iowa DOT, alone, is responsible for snow and
ice removal on more than 9,000 miles (14,000 km) of Iowa highways, uses approximately 900
snowplow trucks, and uses approximately 200,000 tons (181,000 metric tons) of rock salt each
year in snow and ice removal on Iowa roadways.

Several innovative techniques have been proposed for facilitating the removal of ice and snow
from surfaces by other than these conventional methods. These include hydronic-heated
pavement systems (HHPSs) (Habibzadeh-Bigdarvish et al. 2019, Thurston et al. 1995), phase-
change materials (PCMs) used in integrated pavement systems (Farnam et al. 2016), and
electrically conductive concrete (ECON) heated pavement systems (HPSs) (Abdualla et al. 2016,
Arabzadeh et al. 2018, Gomis et al. 2015, Sadati et al. 2017). An HHPS circulates heated glycol,
potentially toxic and harmful to the environment, especially if leakage occurs, within embedded
pipes to heat the pavement (Ceylan et al. 2014). PCM-integrated pavement systems utilize the
heat of fusion generated by phase transformation to increase the pavement temperature. This
technology has been found to have an adverse effect on both the dynamic elastic modulus and
the compressive strength of concrete, and it is not applicable in harsh climates (Farnam et al.
2016). The ECON HPS has gained increasing attention in recent years based on promising
results from full-scale field implementations at the Des Moines International Airport (DSM) in
2016 and the Iowa DOT headquarters in 2018 (Arabzadeh et al. 2017b, Ceylan et al. 2014,
Malakooti et al. 2020, Xi and Olsgard 2000).
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ECON, using regular portland cement concrete (PCC) combined with a conductive additive
material (e.g., carbon fiber, steel shaving), relies on resistive heating of the ECON when
embedded electrodes are subjected to an applied electric potential difference (voltage) (Abdualla
et al. 2016). To properly facilitate the flow of electricity, a minimum dosage of conductive
additive must be present in the mix (Gong et al. 2016,
Kim et al. 2016, Liang and Yang 2017, Ravindren et al. 2019, Ceylan et al. 2014); 1% by volume
has been found to be an adequate amount of carbon fiber for ECON HPS purposes (Notani et al.
2019, Sassani et al. 2018a).

The advantages of ECON HPS technology include electrification and automation of winter
maintenance operations, environmental-friendliness, extended pavement life through elimination
of deicing chemicals, and providing a safer platform for use by aircraft, vehicles, and pedestrians
(Abdualla et al. 2016). Another application of ECON HPS is self-sensing and dynamic
infrastructure monitoring using the operating conductivity range of ECON (Forintos and Czigany
2019, Nguyen et al. 2020, Tian et al. 2019, Zhang et al. 2020). Figure 1 is a conceptual diagram
of an ECON HPS in which a pair of electrodes connected to the electrical source establishes a
voltage gradient throughout the ECON material.

Sadati et al. 2020a, © 2020 Springer Ltd. All rights reserved., used with permission

Figure 1. Simplified ECON HPS concept

Given that weather conditions impact the performance of an ECON HPS, each specific region
needs a particular design for ensuring the best system performance (Sadati et al. 2018). The
design parameters for an ECON HPS include the thicknesses of the regular and conductive
concrete layers, joint spacing, electrode spacing, and electrode size and shape. Among these
parameters, electrode spacing and electrode size and shape are those unique to the ECON HPS
design and not required for conventional rigid pavement systems. Electrodes, which are essential
parts of the ECON HPS design, should exhibit an acceptable level of electrical conductivity to
convey electrical current from a power supply into the ECON to increase the surface temperature
to a value above the freezing point (41°F [5°C]) and melt accumulated ice and snow on the
ECON surface. Adequate bonding between the electrodes and the ECON is critical for achieving
satisfactory resistive heating for this system (Chen and Gao 2012, Hou et al. 2007, Tian and Hu
2012).
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The objective of this study was to construct, demonstrate, and monitor a full-scale
implementation of the largest-to-date operational ECON HPS using different electrode
configurations. Ten full-scale slabs were constructed at the south parking lot entrance of the
Iowa DOT headquarters in Ames, Iowa, as part of a reconstruction project. These slabs contained
various electrode configurations with different spacings, sizes, and shapes to evaluate their effect
on the energy and thermal performance of the ECON HPS. Along with the 10 ECON HPS slabs,
the test setup included standard concrete slabs as control sections to compare the structural
performance of the ECON HPS to standard rigid pavements.

1.1. Report Content Overview

The remainder of this report is structured as follows:

Chapter 2. Summary of First ECON HPS at a US Airport
Chapter 3. Preconstruction Investigations
Chapter 4. Description of System Design Elements
Chapter 5. Iowa DOT Full-Scale ECON HPS Construction Demonstration
Chapter 6. Iowa Dot ECON HPS Performance Evaluation
Chapter 7. Summary, Conclusions, and Recommendations
References
Appendix A. Draft Standard Specification for ECON HPS Construction at The Iowa DOT
South Parking Lot
Appendix B. ECON HPS Approval Process Summary
Appendix C. Draft User Manual for Iowa DOT ECON HPS
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2. SUMMARY OF FIRST ECON HPS AT A US AIRPORT

This chapter describes the experimental setup of the ECON HPS test slabs at the DSM and the
temperature and electric current values measured during selected previous snowfall events. Two
slabs were constructed at the DSM site in November 2016 (Figure 2) for evaluating the design
and construction processes of a carbon fiber-based ECON HPS and the testing system
performance in terms of its heating capacity and energy use. (The material and equipment used
for this project are reported in (Abdualla et al. 2018 and Sassani 2018b).

Figure 2. Construction of two ECON HPS test slabs at DSM

The constructed slabs were 149.6 in. (3.8 m) wide and 181.1 in. (4.6 m) in length, and the total
concrete thickness was 7.5 in. (19 cm), comprised of 3.5 in. (8.9 cm) ECON for the top layer and
4 in. (10.1 cm) standard concrete for the bottom layer (Figure 3).

Sadati et al. 2020a, © 2020 Springer Ltd. All rights reserved., used with permission

Figure 3. Pavement layers for ECON HPS test slabs at DSM

Table 1 shows the slab dimensions, thicknesses, and construction time.
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(a) (b)

Figure 6. ECON HPS slab performance: (a) melting snow and (b) infrared thermography
(°F = [°C × 1.8] + 32)
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3. PRECONSTRUCTION INVESTIGATIONS

3.1. Effects of Electrodes on Performance

A laboratory investigation was conducted to see the effects of electrode configuration on the
electrical and thermal performance of an HPS. Electrodes, which are essential parts of the ECON
HPS design, should exhibit an acceptable level of electrical conductivity to convey electrical
current from a power supply into the ECON to increase the surface temperature to above the
freezing point ( [5°C]) and melt accumulated ice and snow on the ECON surface.

Adequate bonding between the electrodes and the ECON is critical for achieving satisfactory
resistive heating for this system (Chen and Gao 2012, Hou et al. 2007, Tian and Hu 2012).
Different types of electrodes for resistive heating, including copper mesh, steel mesh, and
perforated galvanized steel bars, have been studied by other researchers (Gopalakrishnan et al.
2015, Wu et al. 2014). In perforated galvanized steel angles, perforations larger than the nominal
maximum aggregate size have been suggested because such perforations would help provide
satisfactory interlock between the electrode and ECON (Abdualla et al. 2017). Use of angle-
shaped electrodes, however, increases crack-formation potential in the concrete pavement due to
stress concentration at the angled edge, potentially resulting in durability issues during the
pavement lifetime (Abdualla 2018). Corrosion of steel bars has been found to negatively impact
temperature increase in an HPS because of weakened electrode-ECON contact (Heymsfield et al.
2013). While conductive adhesive on electrodes has also been used to ensure sufficient bonding
between the ECON and electrodes, this method was found to have limited cost-effectiveness
(Xie and Beaudoin 1995).

3.1.1. Theoretical Background

An ECON HPS relies on resistive heating, also known as Joule heating, by heat generation due
to resistivity of a material when exposed to an electric current. In the resistive heating
mechanism, electrical energy (E) is converted into thermal energy (Q) (Rao et al. 2019,
Malakooti et al. 2021). Steady-state conditions and negligible losses in electrical and thermal
performance is assumed here. Given this study is a comparative study under identical
environmental conditions, the assumption of negligible losses is a fair assumption. Electrical
energy can be calculated by multiplying power (P) by operational time ( ), as shown in
equation 1 (Rao et al. 2018).

(1)

where V is the applied voltage, and R is the electrical resistance of the material. R can be
calculated using resistivity ( ), a material property normalized by specimen dimensions
(Arabzadeh et al. 2019), as shown in equation 2.

(2)
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where L and A are the length and the conductive cross-sectional area in the direction of current
flow, respectively. Combining equations 1 and 2, electrical energy can be written as shown in
equation 3.

(3)

The thermal energy generated in a material can be calculated from the mass (m), the specific heat
capacity (C), and the temperature increase in the material ( ) using equation 4 (Sadati et al.
2018).

(4)

Equation 5 results from equating the electrical energy with the thermal energy (E = Q) in
equations 3 and 4 and rearranging as follows:

(5)

This equation determines the relationship between the temperature increase rate ( / ) and the
specimen dimensions, and the electrical and thermal properties of a material undergoing resistive
heating. It shows that the applied voltage has an exponential correlation with the temperature
increase rate, while the other properties have a linear correlation.

In addition, voltage and the conductive cross-sectional area have positive correlations, while
resistivity, length, mass, and specific heat capacity have negative correlations. Therefore, in
order to maximize the temperature increase rate in an ECON HPS, higher applied voltage (V),
larger ECON layer thickness with consideration to constant slab dimensions (A), lower ECON
resistivity ( ), and shorter electrode spacing (L) will result in better thermal performance. The
conductive cross-sectional area (A) in equation 5 can also be represented as the electrode surface
area given the first stage in which electricity is applied to the material is through the surface area
of the electrode where the current flows to the material. The temperature increase rate is
measured for different electrode sizes and geometries (different surface areas), and thermal and
electrical performance is discussed in the following sections.

3.1.2. Methodology

3.1.2.1. Electrode Types for Thermal Performance Evaluation

Stainless steel 316L, a chromium-nickel stainless steel containing molybdenum, was chosen as
the electrode material (ASTM A240/A240M 2017). This material is extremely corrosion-
resistant, especially to acid sulfates and alkaline chlorides (ASTM A240/A240M 2017), so it
would be expected to prolong the performance and durability of the concrete pavement system.
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increase within the water tank such that the performance of different electrodes in an ECON
matrix could be more accurately simulated (see Figure 9b).

(a) (b)
Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 9. Electrode thermal performance in water: (a) with 2% sodium chloride and
(b) without sodium chloride (°F = [°C × 1.8] + 32)

To compare the temperature increase measured in the tests performed in water with theoretical
temperature increase values, an FE model of the electrodes in water was developed using
ANSYS 2019 simulation software (Alimohammadi and Izadi Babokani 2019, ANSYS, Inc.
2018). The model was developed using eight-node SOLID5 elements capable of modeling
resistive heating. The maximum mesh size of 0.4 in. (1 cm) was found by incrementally refining
the mesh size until there were no significant changes in the model results. The final meshed
model for a pair of 1 in. (25 mm) outside diameter (OD) circular electrodes is shown in Figure
10.

Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 10. FE model mesh for a pair of 1 in. (25 mm) OD electrodes in water
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Given the water container was a thin-walled plastic container, its impact on the temperature
increase of the water and the heat transfer between the container wall and the surrounding air
were assumed to be negligible. The material properties included in the model were density, heat
capacity, electrical conductivity, and thermal conductivity; all except thermal conductivity were
measured and used in the model. The thermal conductivity of water was used to calibrate the
model. A trial value based on the literature was selected for the thermal conductivity of water,
and the value was modified to make the model results match the measurements. This calibration
was performed only for the model with the 1 in. (25 mm) OD circular pair of electrodes, and the
value obtained for the thermal conductivity of water was used for all other models, i.e., all
material properties were the same in all the models.

The material properties for the stainless-steel electrodes were obtained from existing data (Ho
and Chu 1977). Figure 11 shows the temperature increase profile and model validation for the 1
in. (25 mm) OD electrodes in the FE model and the experimental data.

(a) (b)

(c)
Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 11. Heat generation profile for 1 in. (25 mm) OD electrodes: (a) FE model,
(b) experimental results, and (c) model validation (°F = [°C × 1.8] + 32)

The profile shows a similar temperature increase for both the calibrated FE model and the
experimental results. The FE model for the ECON slabs is not included in the scope of this
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(a) (b)

(c) (d)
Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 13. Construction of ECON prototype slabs: (a) fabricate mold, (b) cast normal PCC
and roughen surface, (c) place temperature probe, and (d) cast and finish the ECON layer

First, a 1 in. (25 mm) PCC was cast with a temperature sensor placed at its center (4 in. [100
mm] below the slab surface). The PCC surface was then finished and tined, as shown in Figure
13b, to achieve a better bond between the standard concrete and the ECON layer. In the second
step, a 3.5 in. (89 mm) thick ECON layer was placed on top of the hardened PCC layer, with
sensors placed in the middle of the ECON layer 1.7 in. (44 mm) below the slab surface (Figure
13c). Consolidation was performed using a probe vibrator. The finished surface is depicted in
Figure 13d.

While the 1 in. (25 mm) normal PCC layer for all tested slabs was constructed and cast at one
time, the ECON layers were cast on separate days using the same process. The reason for this
approach was to improve the uniformity of carbon fiber dispersion in the ECON mix by mixing
in small batches. For larger batches, the mixing power of the drum mixer would have been
insufficient to achieve better fiber dispersal within the concrete mixture. All slabs were wet-
cured after casting for eight days using wet rags and were tested at the same age (eight days).
The ECON mixing proportions used for casting the slabs are given in Table 3.
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Table 3. ECON mix proportions

Components Type
Content,

kg/m3 (lb/yd3)

Basic

Coarse aggregate (3/4 in. [19 mm]) Limestone 1021 (606)
Intermediate aggregate (3/8 in. [9.5 mm]) Limestone 510 (303)
Fine aggregate River sand 1163 (690)
Fly ash Class C 165 (98)
Cement Holcim Type I/II 654 (388)
Water Tap water 297 (176)

Admixtures

Derex Corrosion Inhibitor (DCI) W. R. Grace & Co. DCI 44 (26)
Air-entraining agent
(designed for 6% air)

MasterAir AE 90
1 oz/cwt

(29.6 ml/cwt)
High-range water reducer (HRWR) MasterGlenium 7500 0.5% wt. cem.

Viscosity-modifying admixture VMA
80 oz/yd3

(3100 ml/m3)
Carbon fiber, 0.25 in. [6 mm] Synthetic carbon fiber 0.97 (% vol.)

cwt = hundredweight of cementitious materials
Source: Malakooti et al. 2021

This mix design is based on previous studies (Sassani et al. 2017, 2018b), with the one difference
being the inclusion of a viscosity-modifying admixture (VMA) to increase the mix viscosity for
improvement of ECON finishing while decreasing the possibility of segregation.

3.1.3. Results

The following section presents the results from the water, ECON prototype slab, and FE
modeling.

3.1.3.1. Water Test Thermal Performance and FE Model Results

Examples of thermal images taken during the electrode test in water are shown in Figure 14a.
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hourly durations, but it eventually reached a plateau because of the limitation of water ion
availability. The current was also found to increase linearly, with larger electrodes exhibiting
higher current values than smaller electrodes. Current is an important parameter in designing an
ECON HPS system, given it directly impacts the power demand requirements for slab heating
that also impacts operational costs. Temperature increase for all electrodes, similar to the one
shown in Figure 14b, was found to be linear with respect to the amount of time in the water.
Thus, the rates of temperature increase, i.e., the slopes of the plots of temperature versus time,
were calculated and compared to determine both the most and least favorable electrodes in terms
of the rate of temperature increase. Figure 15 shows the temperature increase rate for each
electrode type obtained from the experimental tests and the FE models.

Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 15. Temperature increase rate for electrodes in water (°F = [°C × 1.8] + 32)

The 1.5 in. (38.1 mm) OD smooth stainless-steel bar achieved the highest temperature increase,
about (0.26°C) per minute, while the 0.5 in. (12.7 mm) OD electrode had the lowest rate
among the electrodes tested. It should be noted that the greater heat generated by larger electrode
sizes can be attributed to the larger contact area with the water that allows a greater amount of
electric current to pass through. Note that in the case of the hollow bars, given the ends were
blocked to ensure that contact between electrode and water occurred only on the outer surface of
the electrodes, similar heat performance was observed between a 1 in. (25.4 mm) OD hollow
electrode with blocked ends and a 1 in. (25.4 mm) OD solid electrode (same surface area).

These findings can help in the future design of more efficient HPSs using ECON, given hollow
bars are less expensive and easier to transport. The results of the thermal performance tests also
showed that changing the orientation of the same flat bar in the water tank (vertically and
horizontally) produced no significant change in the rate of temperature increase. As shown in
Figure 15, the temperature increase obtained by the FE model follows a similar trend to that of
the experimental tests and the theory considered.
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(a)

(b)
Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 17. ECON prototype slab results: (a) average surface temperature versus time and
(b) corrected temperature increase per minute for electrodes (in. = mm/25.4, °F = [°C × 1.8]

+ 32)

The slope of the temperature versus time curve is plotted in Figure 17b. The greater the slope,
the greater the temperature increase rate associated with a specific electrode. The results show
that a 1.5 in. (38.1 mm) OD smooth electrode provided the highest temperature increase rate
among all the electrodes tested, in agreement with the electrode tests in the water, the FE model,
and the theory.

The current remained nearly constant during all test periods. Table 4 shows the average
measured current and the resistivity for each individual ECON prototype slab.
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Table 4. Current and resistivity of ECON prototype slabs

ECON
Prototype

Embedded electrode
Current,
A

Resistivity,
-in. ( -cm)

1 Flat bar (1 in. [25.4 mm] × 3/16 in. [4.7 mm]) 4.50 46.7 (118.5)
2 0.75 in. (19.0 mm) OD smooth solid circular bar 13.36 15.7 (39.9)
3 1 in. (25.4 mm) OD smooth solid circular bar 8.29 25.3 (64.3)
4 1 in. (25.4 mm) OD hollow circular bar 13.10 16.0(40.7)
5 1.5 in. (38.1 mm) OD smooth solid circular bar 13.76 15.3 (38.8)

Source: Malakooti et al. 2021

Despite similarities between the water tank and ECON experiments with respect to identifying
the best-performing electrode, there were some discrepancies in terms of ranking of the

the slab tests for the flat
bar and the 1 in. (25.4 mm) OD solid bar differed from those from the water test. This can be
ascribed to the higher resistivity of the concrete in these slabs (see Table 4) compared to the
other slabs due to the nonhomogeneous nature of the ECON layer. These two slabs, therefore,
exhibited poorer performance given their higher resistivity will resist current and result in a
lower rate of temperature increase (equation 5). Consequently, an adjustment to the temperature
increase rate was necessary to eliminate the effect of resistivity in electrode heating performance
for these two slabs. Given the temperature increase rate has a linear inverse correlation with
resistivity (Sadati et al. 2018), the temperature increase rate for the two slabs with higher
resistivities was adjusted by their respective resistivity values, as shown in Figure 17b.

The temperature increase rate for both the water and the ECON prototype slab tests is plotted
against the perimeter of each electrode (Figure 18), clearly showing the correlation between the
perimeter (electrode surface contact area) and the temperature increase rate.

Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 18. Temperature increase rate vs. perimeter for water and ECON tests (in. =
mm/25.4, °F = [°C × 1.8] + 32)
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The slope of the perimeter versus the temperature increase rate curve was found to be identical
for the water and the ECON prototype slab tests. This is an important finding that can help future
researchers, supporting the notion that water can be used for testing thermal performance as an
easier, less expensive, and nondestructive test method. The theory also showed that the electrode
surface contact area has a positive linear correlation, a similar result to the experimental and FE
model findings in both water and ECON prototype slabs.

3.1.4. Discussion of Practical Implications

3.1.4.1. Energy Conversion Efficiency

In resistive heating, not all the electrical energy is converted to thermal energy, and the energy
conversion efficiency (EF) is the efficiency of converting electrical energy (E) into thermal
energy (Q), and thereby, energy conversion efficiency can be calculated using equation 6.

(6)

Given both the thermal and electrical performance of the ECON prototype slabs were monitored
during this study, both can be calculated. The electrical energy is calculated using equation 1,
and thermal energy is calculated based on the thermal performance curves (see previous Figure
17a) and equation 4. Energy consumption and energy conversion efficiency calculations for all
the ECON prototype slabs are given in Table 5.
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Based on these calculations, among the electrodes tested, the 1.5 in. (38.1 mm) OD bar exhibited
the highest energy conversion efficiency, and the 0.75 in. (19.0 mm) OD bar the lowest. These
results show that conversion efficiency is increased by increasing electrode size (electrode
surface contact area) in the ECON prototype slab. The average energy conversion efficiency
calculated based on this study was found to be 55.4%.

3.1.4.2. Cost Analysis

The cost analysis in this section focuses only on the cost of electrodes, one component of an
ECON HPS, while also considering thermal performance of different electrodes. The bar plots
shown in Figure 19 of the temperature increase rate were taken from the water (see previous
Figure 15) and ECON prototype tests (see previous Figure 17b) and normalized by the average
initial cost of each electrode (see previous Table 2).

Malakooti et al. 2021, © 2021 Elsevier Ltd. All rights reserved, used with permission

Figure 19. Temperature increase rate per average initial cost of electrode (ft = m×3.281, in.
= mm/25.4, °F = [°C × 1.8] + 32)

This figure depicts the initial cost-effectiveness of each electrode, considering the temperature
increase rate capacity, with a higher value corresponding to greater cost-effectiveness of that
electrode. From this cost analysis, the flat bar was found to be the most cost-effective, and the
1.5 in. (38.1 mm) OD solid bar the least cost-effective electrode, with electrode cost-
effectiveness decreasing with an increase in electrode size due to the higher cost of the larger-
size electrodes relative to the temperature increase rate each can provide. This pattern was found
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to be similar for both water and ECON prototype slab tests. The average electrode cost of each
electrode is also plotted in the secondary vertical axis.

It is essential to note that the speed of ice and snow melting is important, and while larger
diameter electrodes can provide more heat more quickly than smaller electrodes, they may not be
as cost-effective, and larger electrodes also have slightly greater energy conversion efficiency.
This issue would be more critical in locations such as airports or critical infrastructure requiring
faster snow/ice clearing. This means that in choosing an electrode for ECON HPS design, the
speed of temperature increase and cost-effectiveness of the electrode type should both be taken
into consideration, so it is best when designing ECON HPSs for these types of infrastructure
systems to continue using the most cost-effective electrode but at a higher voltage to achieve
faster snow and ice melting.

3.2. Energy Requirements for Snow Melting in Ames, Iowa

Based on the methodology provided by the American Society of Heating, Refrigerating and Air-
Conditioning Engineers (ASHRAE) handbook section on snow melting and freeze protection
(ASHRAE 2009), the heat flux requirement for heated pavements at Ames, Iowa, were
calculated. These calculations were based on the weather conditions. Weather conditions for
Ames, Iowa, were downloaded from available data through the Iowa Environmental Mesonet
website (IEM 2019). These weather data included air temperature, wind speed, snow
precipitation rate, and dew point temperature. Figure 20 shows the resulting required heat flux
for melting snow considering the snow events in Ames, Iowa, from 1996 to 2019.

Figure 20. Required heat flux for snow events at Ames, Iowa, from 1996 to 2019 (W/ft2 =
W/m2 ÷ 10.76)
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The median of the required heat flux is less than 27.9 W/ft2 (300 W/m2) for all these years except
2015. Therefore, the Iowa State University (ISU) team targeted a heat flux of 27.9 W/ft2 (300
W/m2) to 37.2 W/ft2 (400 W/m2) for the ECON HPS developed for this project.

It should be noted that more than 70% of the snow events in Ames, Iowa, occurred in
temperatures higher than [-5°C] (see Figure 21). The snow events occurring in colder
temperatures would require a higher energy for snow melting.

Figure 21. Snow event histogram in Ames, Iowa, in different temperatures (°F = [°C ×
1.8] + 32)
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4. DESCRIPTION OF SYSTEM DESIGN ELEMENTS

This chapter compares and contrasts system design elements between two ECON HPSs that were
constructed, one at the general aviation area at the DSM and 10 ECON HPS slabs at the south
parking lot entrance of the Iowa DOT headquarters in Ames, Iowa. The draft standard
specification for the Iowa DOT project can be seen in Appendix A.

Table 6 shows the slabs dimensions, thicknesses, and construction time for both locations. The
Iowa DOT construction was five times larger than the DSM project, and this led to construction
difficulties that are explained in Chapter 5.

Table 6. DSM and Iowa DOT concrete pavement system information

Items DSM Iowa DOT
Slab dimensions 12.5 ft (3.8 m) × 15 ft (4.6 m) 12 ft (3.6 m) × 15 ft (4.6 m)
Number of slabs 2 10
ECON thickness 3.5 in. (8.9 cm) 7.6 cm (3 in.)
PCC thickness 4 in. (10.1 cm) 7 in. (17.8 cm)
Electrode type Angle Circular and flat bar
Electrode spacing 36 in. (91.4 cm) 20 in. (50.8 cm), 25.5 in. (64.8 cm),

and 36 in. (91.4 cm)
Construction time November 2016 October 2018

4.1. ECON Mix Design

The ECON mix design was similar to standard PCC mix design with carbon fiber added as a
conductive agent. Table 7 gives a side-by-side comparison of the DSM and Iowa DOT ECON
mix proportions.

Note that Table 7 information was gathered through experimental studies conducted during
numerous laboratory investigations before it was chosen to be used in the field investigation
(Abdualla et al. 2018; Malakooti et al. 2020; Sassani et al. 2017, 2018b).

The water/cementitious materials ratio for both mixes was set to 0.42, and aggregate gradation
and proportion were similar for both mixes. The research team encountered loss of workability
(flash set) during construction at the DSM because of both the long distance from the concrete
plant to the construction site and incompatibility between some of the admixtures used. It was,
therefore, decided to use 20% fly ash Class C replacement by weight for the Iowa DOT project
and to eliminate methylcellulose and DCI admixtures from the ECON mix to solve the flash set
problem, resulting in an ECON slump of 4 in. (10 cm). The carbon fiber content also increased
from 1% to 1.25% because of the elimination of the fiber-dispersive agent (methylcellulose),
reducing the risks of poor carbon fiber dispersion within the mix and insufficient carbon fiber at
every location. This elimination also helped simplify the ECON mix design and make it easier to
reproduce at any ready mixed concrete plant.
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Table 7. ECON mix proportions for DSM and Iowa DOT projects

Components Type
DSM

lb/yd3 (Kg/m3)
Iowa DOT

lb/yd3 (Kg/m3)

Basic

Coarse aggregate
0.75 in. (1.9 cm)
concrete stone

1,001 (594) 986 (585)

Intermediate
aggregate

3/8 in. (0.95 cm)
chips

499 (296) 507 (301)

Fine aggregate Concrete sand 1,134 (673) 1078 (640)
Cement Holcim type I/II 800 (475) 634 (376)
Fly ash Class C -- 163 (97)
Water Potable water 337 (200) 337 (200)
Carbon fiber, 0.25 in.
(0.64 cm)

Synthetic carbon
fiber

1.00 (% vol.)
1.25

(% vol.)

Admixtures

Air entrainment EUCON AEA-92 --
3 oz/cwt
(89 ml/cwt)

Water reducer EUCON WR 91 --
7.5 oz/cwt
(222 ml/cwt)

Methylcellulose
Fiber dispersive
agent

1.6 (0.95) --

DCI admixture
Corrosion inhibitor
and conductivity
agent

42.1 (25) --

Sources: Abdualla et al. 2018; Malakooti et al. 2020; Sassani et al. 2017, 2018b

4.2. Voltage Selection

The applied voltage is directly correlated with snow/ice melting speed and the power
consumption of the ECON HPS, i.e., the higher the voltage, the faster the snow melting and the
higher the power consumed.

While the DSM project can only operate at 208 VAC, the Iowa DOT project can be operated
using either 120 or 208 VAC. This flexibility of using two different voltages provides the ability
to adjust the speed of melting to meet specific needs. For example, snow events started during
busy weekdays can use 208 VAC, while snow precipitating during a weekend can be managed
using 120 VAC.

4.3. Control System Design

The ECON HPS control system turns the system on and off using electrical switches. Arduino
board microcontrollers were used in the DSM project, which are low-cost and easy-to-program
control systems (Sadati et al. 2020b). Conversely, the disadvantage of the Arduino controller was
that it required connection to a computer to control turning it on and off using its software, and it
was also not capable of automatic system turn on/off based on pavement surface temperature to
save energy. Therefore, a programmable logic controller (PLC) was chosen as the standard





30

4.4. Electrode Configuration Design

4.4.1. Electrode Type

As previously shown in Table 6, the DSM project was constructed only with stainless-steel angle
electrodes with fixed spacing, while the Iowa DOT project used various types of stainless-steel
electrodes and spacings for 10 test slabs. Given the sharp edges of the angle electrodes produce
stress concentration, creating a potential for cracking during the service life of the pavement, the
research team decided to reinforce the DSM ECON structure with perpendicular fiberglass bars
to eliminate this cracking potential (see Figure 23a). However, given that circular (i.e., smooth
solid circular and hollow circular) and flat bar electrode shapes were chosen for the Iowa DOT
project, their shape eliminated premature cracking and the need for fiberglass reinforcement
during construction to save cost and time (see Figure 23b).
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(a)

(b)

Figure 23. Electrode setup: (a) perpendicularly reinforced with fiberglass bar at DSM and
(b) without fiberglass bar reinforcement at Iowa DOT

4.4.2. Numerical Analysis for Electrode Configuration Options

A numerical analysis was conducted by using an FE model to evaluate and identify electrode
configuration options of each test slab (i.e., 10 test slabs in total) before the construction of the
Iowa DOT project. The physical phenomenon underlying the heating process used in an ECON
HPS is Joule heating (Sadati et al. 2018) based on a voltage gradient between the two ends of a
conductive material. Assuming constant resistance ( ), the higher the voltage gradient ( ), the
higher the power of heat generation ( ), as reflected by equation 7.

(7)



32

Figure 24 depicts the constant voltage lines for the three different studied electrode shapes.

Sadati et al. 2020a, © 2020 Springer Ltd. All rights reserved., used with permission

Figure 24. Voltage lines developed by different electrodes: (a) smooth solid circular bar,
(b) hollow circular bar, and (c) flat bar

The distribution of these lines depends on the geometry of the concrete material and electrodes
and the distance between the two electrodes. The closer the outer surfaces of the electrodes, the
higher the voltage gradient in the material.

An FE model was developed in ANSYS (ANSYS, Inc. 2018) and validated with experimental
data, as described in studies by Sadati et al. (2017, 2018), and the modeled loads and boundary
conditions used are shown in Figure 25.

Sadati et al. 2020a, © 2020 Springer Ltd. All rights reserved., used with permission

Figure 25. FE model developed to simulate all pavement layers and the interaction between
the surface and the environment
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ECON HPS heating is based on a Joule heating (or resistive heating) process, and the governing
equations for this process are (Liu 2017) as follows:

(8a)

(8b)

(8c)

where is electric field (V/in.), is the electric potential (V), is the electric current density
(A/in.2), and is the electrical resistivity ( -in.). Transit thermal analysis for simulating the
heating process that produces temperature variation by time is based on the following equations
(Liu 2017):

(9a)

(9b)

(9c)

where is the heat flux (W/in.2), is the thermal conductivity (W/in.°F), is the temperature
( ), is the heat generation by Joule heating (W/in.3), is the mass density (lb/in.3), is the
specific heat (J/ ), and is time (s).

In the FE model, given that the temperature ( ) varies in both space and time (ANSYS, Inc.
2018), the temperature at each node is considered to be dependent on time, and can be
calculated by multiplying element shape functions to the nodal temperature vectors of equation
10, given as follows:

(10)

where is a space-dependent element shape function vector and is the time-dependent
nodal temperature vector.

For a transient solution, given variation of with time is sought for applied voltage assumed to
be constant, the FE equation for this problem can be written as follows:

(11)
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where is the electric current, is the heat flux, is the specific heat coefficient, is the
thermal conductivity, and is the electrical conductivity. The time derivatives of can be
written as follows:

(12)

Because of the symmetry of the model, to study the impact of electrode size and shape on
thermal and energy performance, a two-dimensional (2D) FE model using shell elements was
developed using the methodology described in (Sadati et al. 2018). Ten different configurations
with various electrode spacings and electrode shapes were then modeled, and their performance
were compared. FE elements for all pavement layers in the model, for a configuration including
eight smooth solid circular electrodes with 8,150 elements, are shown in Figure 26.

Sadati et al. 2020a, © 2020 Springer Ltd. All rights reserved., used with permission

Figure 26. FE model of ECON HPS configuration with eight solid circular electrodes

The time step used for the transient analysis was five minutes. Both the number of elements and
the time step were checked to assure the convergence of results.

A total time of 120 minutes was used in performing the FE simulation to evaluate and identify
electrode configuration options for the 10 test sections at the Iowa DOT site. Contour plots of the
temperature distribution for test sections 1, 8, and 10 are shown in Figure 27 as sample
configurations with 10, 8, and 6 embedded electrodes, respectively.

Electrode
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Sadati et al. 2020a, © 2020 Springer Ltd. All rights reserved., used with permission

Figure 27. Temperature distribution of three design configurations: with 10 (Test
Section 1), 8 (Test Section 8), and 6 (Test Section 10) electrodes

Note for Figure 27 that the electrodes used Test Section 1 are smooth solid circular bars. with a
0.75 in. (20 mm) diameter; the electrodes for Test Section 8 are flat bars with a 1 in. (25 mm)
thickness; and the electrodes for Test Section 10 are smooth solid circular bars with a 1 in. (25
mm) in diameter.

Other configurations exhibited similar temperature patterns with different temperature values.
The temperature distribution and power input obtained for each design configuration are given in
Figure 28 and Figure 29, respectively.

Test Section 1: 10S-0.75

Test Section 10: 6S-1.0

Test Section 8: 8F-1.0
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As shown in both these figures, both thermal and energy performance changed significantly with
changes in electrode spacing. It was also observed that the inclusion of more electrodes increases
the power input to the slabs and the resulting energy consumption. It should be noted that in
order to adjust this energy consumption, the voltage applied to each pair of electrodes could also
be adjusted; however, this was not within the scope of evaluation of this project.

4.5. Sensor Selection

Sensor instrumentation for monitoring or controlling the pavement surface temperature not to
prevent system overheating is a part of the construction of any ECON HPS. The presence of
carbon fiber makes ECON act as a semiconductor that can conduct a significant current between
its electrodes (cathode and anode), and sensors can measure the current passing through the
ECON. For example, given most sensors for measuring temperature (e.g., thermocouples) use
two conductors that produce a temperature-dependent voltage to be measured and correlated with
temperature, thermocouples or other sensors that use electrical readings must be protected by an
insulation of both the measuring tip and the cable. The cable must also withstand the ECON
operational temperature that can range from - (- ( ) and be protected for
temperature-related measurements.

The research team tested the Arduino temperature sensor at the DSM site and found that some of
them ceased to measure the temperature while the ECON HPS was operating and resumed
measurement when the system stopped operating. Consequently, the research team decided to
use Campbell Scientific thermocouples (Type E) for the Iowa DOT; they are electrically
insulated and can operate in the ECON operational temperatures at both the measuring tip and in
the cable, allowing continuous temperature measurement even when the system was turned on.
In summary, it was found best to first test different types of sensors in small ECON prototype
slabs prior to use in field construction.

4.6. Cross Slope Design

The cross slope for allowing water to run off the road surface is a geometrically necessary
feature of each pavement. If the cross slope is insufficient, the water will stay on top of the
heated section and potentially freeze after the system is not operational, so this feature is
essential for designing ECON HPS technology. It becomes even more important when some part
of the area is heated, while other parts are not. In that scenario, the designer should design a
heated pass for the water to a drainage outlet point so that water resulting from snow/ice melting
does not refreeze.

During the performance evaluation of the two slabs at DSM, the research team encountered ice
accumulation between the heated slab and the regular slab, so special attention was given at the
Iowa DOT site to allow water to drain faster from the heated sections.
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demand estimation. The layer thicknesses for the Iowa DOT ECON HPS project were designed
based on a heavy traffic volume. Figure 30b shows the plan view of the construction site, which
includes the 10 slabs, location of conduits, shed, and power supply.

All the electrical wiring from the electrodes to the power supply and the sensor wiring in each
test section went through trenches to the shed. The control system and the data acquisition
system were placed in the shed.

Figure 30c illustrates the cross-sectional view of different structural layers, which include a 9 in.
(22.9 cm) special backfill base layer, 7 in. (17.8 cm) C-3WR-C20 regular PCC layer specified in
the Iowa DOT Standard Specifications, which is explained in detail in Section 3.1 (Iowa DOT
n.d.), and a 3 in. (7.6 cm) ECON layer. The electrodes were placed on top of the PCC layer,
ensuring a 2 in. (5 cm) concrete cover on top of the electrodes.

The 10 constructed ECON slabs each have different electrode configurations. This was designed
to monitor the performance of different electrode configurations in real pavement and
environmental conditions. The electrode configuration for each test section is shown in Table 8.

Table 8. Electrode configuration in each slab

Test
section

Section
ID

No. of electrodes
(spacing)

Size of
electrodes,
in. (cm) Electrode type and shape

1 10S-0.75 10 (20.0 in./50.8 cm) 0.75 (1.9) Smooth solid circular bar
2 10S-1.0 10 (20.0 in./50.8 cm) 1.00 (2.5) Smooth solid circular bar
3 10F-1.0 10 (20.0 in./50.8 cm) 1.00 (2.5) Flat bar
4 10H-1.0 10 (20.0 in./50.8 cm) 1.00 (2.5) Hollow circular bar
5 6S-0.75 8 (25.5 in./64.8 cm) 0.75 (1.9) Smooth solid circular bar
6 8S-0.75 8 (25.5 in./64.8 cm) 0.75 (1.9) Smooth solid circular bar
7 8S-1.0 8 (25.5 in./64.8 cm) 1.00 (2.5) Smooth solid circular bar
8 8F-1.0 8 (25.5 in./64.8 cm) 1.00 (2.5) Flat bar
9 8H-1.0 6 (36.0 in./91.4 cm) 1.00 (2.5) Hollow circular bar
10 6S-1.0 6 (36.0 in./91.4 cm) 1.00 (2.5) Smooth solid circular bar

The electrodes chosen for field implementation were based on laboratory investigations and a
numerical analysis conducted before the construction (Malakooti et al. 2019), and they are as
follows:

Smooth solid circular bars measuring 0.75 in. (1.9 cm) or 1.0 in. (2.5 cm)
Hollow circular bars measuring 1.0 in. (2.5 cm) OD with 1/8 in. (0.3 cm) wall thickness
Flat bars measuring 1.0 in. (2.5 cm) 3/16 in. (0.4 cm)
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Four slabs were designed with 10 electrodes (20.0 in. [50.8 cm] spacing), four slabs were
designed with eight electrodes (25.5 in. [64.8 cm] spacing), and two slabs were designed with six
electrodes (36.0 in. [91.4 cm] spacing).

Each test section was given a section ID, where the first number represents the number of
electrodes in the test section (6, 8, or 10), followed by a letter representing the type of electrode
(S for smooth circular solid bar, H for hollow circular bar, or F for flat bar), and it ends with a
number indicating the size of the electrode in inches that has been used (0.75 or 1.0). As an
example, a slab with an ID number of 10S-0.75 has 10 smooth solid circular bars with 0.75 in.
(1.9 cm) outer diameter. The location of each constructed slab can be seen in the previously
given Figure 30b.

5.4. Description of Materials

5.4.1. ECON and PCC Layer Mix Design

The ECON mix design was developed based on numerous trial batches in the laboratory
(Malakooti et al. 2019) and the prior full-scale demonstration experience at DSM in 2016
(Sassani et al. 2018b).

First, the research team obtained samples from aggregate, cement, fly ash, and all the admixtures
from the concrete plant. Second, numerous trial batches were made in the laboratory in order to
attain a balanced ECON mix design to meet workability and mechanical property requirements
in accordance with the Iowa DOT specifications as well as ensuring good electrical conductivity.
Third, the concrete supplier was asked to batch 3 yd3 (2.3 m3) of the ECON mix design from the
laboratory phase for laboratory testing. This step was taken as a precaution step before
construction to ensure that the mixture from the batch plant was consistent with the construction
specifications. It was found in the trial batch that the ECON was highly workable, but on the
other hand, its electrical resistivity was high. Therefore, adjustments were made to the carbon
fiber content and the admixture dosages to reduce the workability and resistivity. It was also
found during the laboratory phase that (1) adding carbon fibers withholding moisture reduces the
fiber loss during ECON production and (2) mixing fibers with aggregate before the presence of
cementitious materials helped with achieving a better, more uniform fiber dispersion. Therefore,
these suggestions were incorporated into the construction phase.

The finalized ECON mix design is shown in Table 9.
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Table 9. ECON mix proportions for the Iowa DOT field implementation

Components Type
Content lb/yd3

(Kg/m3)

Basic

Coarse aggregate 0.75 in. (1.9 cm) limestone 986.1 (585.0)
Intermediate
aggregate

0.375 in. (0.9 cm) chips 508.2 (301.5)

Fine aggregate Concrete river sand 1,079.2 (640.3)
Cement Holcim type I/II 632.7 (375.4)
Fly ash Class C 162.5 (96.4)
Water Potable water 336.9 (199.9)
Carbon fiber 0.25 in. (0.63 cm) in length 1.25 (% vol.)

Admixtures
Air entrainment EUCON AEA-92 3.0 oz/cwt (0.9 l/m3)
Water reducer EUCON WR 91 7.5 oz/cwt (2.3 l/m3)

The mixture contained 1.25% carbon fiber by volume and 20% fly ash replacement. The
significant differences between this mixture and its predecessors (Sassani et al. 2017, 2018a,
2018b) were the addition of 20% fly ash to increase workability and durability and the
elimination of methylcellulose fiber dispersion agent and corrosion inhibitor admixtures in order
to decrease the possibility of unwanted chemical reactions between the admixtures. In addition,
the carbon fiber content was increased from 1% to 1.25% by volume to account for any potential
carbon fiber losses that may take place during batching and placing. The standard PCC layer
(bottom layer) mix design was C-3WR-C20, and it is composed of 45% fine and 55% coarse
aggregate with 20% Class C fly ash. It is worth mentioning that the typical electrical resistivity
of a standard concrete is about 3.54×105 -in. (9×105 -cm) (Malakooti 2017, Malakooti et al.
2018, Melugiri-Shankaramurthy et al. 2019), while achieved electrical resistivity for ECON was
512 -in. ( -cm) due to the addition of 1.25% carbon fiber into the mixture.

5.4.2. Electrodes

Electrodes in an ECON HPS have the role of applying the electricity to the ECON layer due to
their high electrical conductivity properties. All the electrodes chosen were 316L grade stainless
steel, which has promising resistance to corrosion. Therefore, the electrodes are better suited to
withstand degradation and cracking, which will lead to system efficiency reduction and electrode
debonding from ECON.

Circular and flat bar electrode geometries were chosen rather than angled electrodes, which have
been used in predecessor projects (Abdualla et al. 2018) to minimize stress concentrations and
thus reduce cracking potential. In addition, the chosen electrode geometries also eliminated using
fiberglass bars perpendicular to the electrodes, which have been used in other projects to
minimize the possible cracking (Abdualla et al. 2018).

All the electrodes were anchored to the PCC layer to secure them and minimize their movements
during the pavement construction. The wires that were used to connect the electrodes to the
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power supply were specially selected for 208 VAC, 600 A usage. The wires were also designed
for use in a rough environment, such as a construction project, and had a special insulation layer.

5.4.3. Sensors and Data Acquisition System

Both wired and wireless sensors were utilized in the demonstration project. Table 10 and Table
11 summarize the types and numbers of sensors instrumented on 10 ECON slabs and 1 PCC slab
(a control slab).

Table 10. Types and numbers of sensors instrumented on 10 ECON slabs

Sensor type Sensor location

Sensors per
single test
section

Number of
test

sections

Sensors for
total test
sections

Thermocouples1
ECON, PCC, base,
subgrade

6 10 60

Strain gauges1 ECON 8 3 24

Current sensors
Electrical power
supply panel

1 10 10

Voltage sensors
Electrical power
supply panel

1 10 10

Extra wireless
temperature sensors2

Outside ECON HPS 2

1 To be connected into data acquisition system for recording measurements; 2several sensor trees using 15 wireless
sensors that can be located far enough from the ECON slabs to be used as a reference

Table 11. Types and numbers of sensors instrumented on one PCC slab

Sensor type Sensor location

Sensors
per single
test section

Number of
test

sections

Sensors for
total test
sections

Thermocouples1
PCC, base,
subgrade

6 1 6

Strain Gauges1 PCC 8 1 8
1 To be connected into data acquisition system for recording measurements

A total of 66 Campbell Scientific thermocouples (Type E), 32 GEOKON strain gauges, 10
wireless Monnit voltage sensors, and 10 wireless Monnit current sensors were installed.
Thermocouples were embedded within each layer in the 10 ECON slabs and 1 PCC slab. Strain
gauges were embedded within the ECON layer and PCC layer in the 10 ECON slabs and
embedded within the PCC layers in the 1 PCC slab. Voltage and current wireless sensors were
installed in the power distribution box within the shed to monitor the electrical consumption of
each test section.
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All the sensors were tested in the laboratory prior to the field installation. In order to gather all
the data, two Campbell Scientific CR6 data loggers and five Campbell Scientific AM16/32B
Multiplexers were installed in the shed. The Monnit voltage and current sensors transmit the
readings to a gateway before being transferred to a cloud-based real-time monitoring system. All
other sensors were connected to a laptop in the shed, which can be accessed remotely through a
wireless hotspot provided in the shed. Therefore, system operation tasks, including turning the
slabs on/off, data collection, and real-time monitoring can easily be conducted remotely.

5.4.4. Control System

The research team had selected a robust control system for this project. A PLC is an industrial
standard control system. The PLC is a modular system comprising of a CPU, analog temperature
input module, digital output module, and relays. In addition, the modular design will allow for
expansion if the research team deems necessary in the future. One embedded thermocouple
sensor in the center of each slab, 0.5 in. (1.3 cm) from the pavement surface, was linked to the
PLC system. This enables the control system to monitor the pavement surface temperature. Once
the pavement surface temperature drops below a predetermined temperature ( [ ]), the
control system activates the 120/208 VAC power source using the relays to generate heat within
the ECON layer. The ECON system can melt ice and snow much quicker with 208 VAC
compared to 120 VAC and can be used in times when the winter weather conditions are
particularly harsh (e.g., snow/ice storms during a polar vortex), and the road serviceability needs
to be maintained continuously under such harsh conditions.

5.5. Instrumentation and Installation Methods

The instrumentation plan for the ECON HPS consists of steps that were taken for installing
electrodes, sensors, data acquisition system, and a power supply system. These steps have been
developed based on extensive previous experiences during both field and laboratory experiments.

Figure 31 depicts the installation procedures for different components during the construction
phase.
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(a) (b)

(c) (d)

(e) (f)
Malakooti et al. 2020, © 2020 Elsevier Ltd. All rights reserved., used with permission

Figure 31. Electrode and sensor wiring and instrumentation: (a) anchor electrode to PCC
layer, (b) wire electrodes, (c) install thermocouple sensor tree, (d) place thermocouple

sensors, (e) install strain gauges, and (f) wire shed and sensors in shed
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5.5.1. Installation of Electrodes

The location of each stainless-steel electrode was marked on each slab, and the electrodes were
fixed using steel straps, as shown in Figure 31a. A drill was used to make the holes and secure
the straps to the PCC layer. After anchoring the electrodes, all the electrodes were connected to
electric wires using gauge-ring wire connectors for flat bars and hose clamps for circular bars
(see Figure 31b).

5.5.2. Sensors Instrumentation

Sensors and a surveillance camera were installed to monitor the ECON HPS operation
performance. The sensor types for this purpose include temperature sensors (i.e., wired
thermocouples and wireless temperature sensors manufactured by Monnit), strain gauges, current
sensors, and voltage sensors. Temperature sensors (i.e., wired thermocouples and wireless
temperature sensors) can be utilized to continuously monitor ECON HPS temperature responses
for activating and deactivating the ECON HPS operations. Strain gauges can be installed as well
to capture the strain behavior of the ECON slabs under diurnal and seasonal environmental
loads, the electric heating process, as well as passing vehicles. Furthermore, current sensors and
voltage sensors (e.g., wireless electricity monitoring sensors manufactured by Monnit) can also
be employed to monitor electric properties for estimating power consumption and operation cost.

Sensor instrumentation locations were chosen based on the critical response locations within a
slab with regard to the temperature and strain variations. The temperature trees were mounted on
a 0.25 in. (0.6 cm) fiberglass bar in order to eliminate temperature and electricity gradients in
different layers. A hole was first drilled in the PCC layer at the center of each slab (see Figure
31c), and the temperature trees were installed inside and secured with cement grout (see Figure
31d). Each temperature tree consisted of six thermocouples in the following locations: top and
bottom of the ECON layer, the middle and bottom of the PCC layer, the middle of the base layer,
and one sensor in the subgrade layer. The detailed instrumentation processes of the temperature
sensors are given in the following steps:

Step 1: Mark sensor location after base PCC layer hardens
Step 2: Drill holes at these predetermined locations at desired depth
Step 3: Pull sensor cables through PVC conduits
Step 4: Make sensor trees by mounting sensors at a predetermined height on the rods
Step 5: Insert sensor trees into these holes
Step 6: Check depth of sensors
Step 7: Organize sensor cables
Step 8: Connect sensors to data acquisition system and check sensor survivability

Strain gauges were mounted on the PCC layer using two plastic chairs and steel straps (see
Figure 31e). The steel straps were screwed to the PCC layer to secure them. In the case where
two strain gauges needed to be placed at different depths, two 0.25 in. (0.6 cm) fiberglass bars
were used to place and secure the strain gauges. The chosen locations of strain gauges were the
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center, edge, corner in the wheel path direction, and corner in a diagonal direction. The strain
gauges were installed both in the ECON layer and PCC layer. The strain gauge configuration
was chosen to measure the strain in both layers to monitor the effect of heating in the ECON
layer. The detailed instrumentation processes of strain gauges are given in the following steps:

Step 1: Mark sensor location after base PCC layer hardens
Step 2: Pull sensor cables through PVC conduits
Step 3: Set up strain gauges by using plastic chairs
Step 4: Check strain gauges height
Step 5: Use the concrete anchor to fix the location of strain gauges
Step 6: Organize sensor cables
Step 7: Connect sensors to data acquisition system and check sensor survivability

Sensors wires were guided to a separate PVC pipe to the shed (see Figure 31f). The PVC pipe for
electrical wiring was not chosen to host the sensors wires to prevent possible interferences in the
sensor signals and for safety purposes.

5.5.3. Integration of Power Supply and Control System

There was no existing power supply source close to the construction site; therefore, a new 45-1
pole with 3-100kVA XFMRS was placed at the southwest corner of the site. A meter was
installed on the pole to measure electrical power usage, and a power line trench was excavated
from the pole to the shed. This enabled powering the ECON HPS test area using either a three-
phase 208 VAC or a single phase 120 VAC, both with a maximum of 600 A source.

Two three-phase double pole power panels were installed in the shed with two circuit breakers.
Each circuit breaker can feed five slabs with 120/208 VAC. The three-phase 208 VAC was
achieved by using two lines, one for each phase, while the 120 VAC was carried in each single
line. The 120 VAC was achieved using one line and the neutral. The different electrode
configuration design caused each slab to draw a different amount of current compared to the
other slabs. Thus, the research team with the assistance of the Iowa DOT and/contractor
conducted a series of tests and simulations and grouped the slabs in a way to distribute the power
load evenly within each phase and to eliminate overloading on one phase.

Another added feature of using a PLC as a control system is the electrode-based control. The
electrode-based control feature gave the research team an extra degree of control to create
different electrode configurations (spacing) within one slab by being able to turn on/off
individual electrodes. Therefore, the research team added more relays for the test slabs with 10
electrodes (4 slabs) to incorporate this feature. The electrode wiring diagram for the 10 electrode
slabs is shown in Figure 32a.
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The other six slabs were designed using slab-based control, which only turned on and off all of
the electrodes in each slab at once (Figure 32b). The PLC system and its wiring are shown in
Figure 32c.

The electrical work mainly conducted by the ISU research team was as follows:

Prepare the design and programming of the PLC system
Develop the PLC system hardware
Test the developed PLC system in the laboratory to ensure the system worked as intended
two weeks before installation
Run initial tests to ensure the system was working properly

The Iowa DOT and/or contractor involved efforts on the electrical work were as follows:

Confirm power source availability for the ECON HPS construction at least one month prior
to construction (Iowa DOT)
Provide the specification and location of the electric power supply panel at least one month
prior to construction (Iowa DOT)
Provide power outlets near the decided location to power the PLC system and connected
laptop (Iowa DOT)
Decide on the appropriate wire type (American wire gauge [AWG], strand, insulation, etc.)
for a source to the electrode connections (Iowa DOT or contractor)
Connect electrodes to ground conduit and wires to the PLC system (Iowa DOT or contractor)
Install the PLC hardware into the electrical power supply panel based on the guidelines (Iowa
DOT or contractor)
Connect signal wires from the PLC output module to relays (Iowa DOT or contractor)
Connect wires from source and wires from electrodes to relays (Iowa DOT or contractor)
Check the connections of the PLC system to be safe and meet safety protocols (Iowa DOT or
contractor)

5.5.4. Managing the Heat Dissipation by Relays

The solid-state relays generate heat, and this heat should be dissipated carefully to protect the
relays for ensuring safe ECON HPS operation. To improve the heat transfer for dissipating the
generated heat by the relays, the following steps (see Figure 33) were taken:

Install relays on steel plates to allow for a higher rate of heat transfer through the backside of
the relays
Install cooling fans on the box covers to constantly blow on the relays
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Figure 33. Cooling fans installed on the relays

Laboratory tests showed that the maximum measured temperature reached by the relays is about
55°C), while the allowable working temperature for these relays is (90°C). The

detailed approval procedures for operating the ECON HPS are presented in Appendix B.

5.6. Construction Procedure

Construction started on October 11, 2018 and lasted for four weeks due to the weather
conditions. The existing pavement was a 40-year-old PCC pavement with numerous cracks at the
joints and midspan. The pavement had also been rehabilitated at several spots because of
extensive damages. This parking lot section experiences a high amount of heavily loaded traffic,
including 18-wheeler tractors and trailers, the entrance of the Iowa DOT
receiving station. The full-scale demonstration project was a reconstruction project, and the first
task was to remove the existing 6 in. (15.2 cm) concrete pavement. The existing pavement did
not have a base layer, and it lacked any drainage system; therefore, a geofabric system was
utilized on top of the subgrade, and a 9 in. (22.9 cm) special backfill layer was compacted for the
base layer.

The ECON HPS was designed with two layers: 7 in. (17.8 cm) standard PCC layer (bottom
layer) and 3 in. (7.6 cm) ECON layer (top layer). The construction steps in sequence are shown
in Figure 34.
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(a) (b)

(c) (d)

(e) (f)

(g) (h)

Malakooti et al. 2020, © 2020 Elsevier Ltd. All rights reserved., used with permission

Figure 34. ECON HPS construction steps: (a) place C-3WR-C20 PCC placement,
(b) screed PCC layer, (c) install electrodes, (d) place PVC conduit, (e) clean surface,
(f) inspect ECON layer, (g) place and compact ECON layer with vibrating screed, and

(h) spray curing compound on surface
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Dowel bars (0.75 in. [1.9 cm] in diameter) were used for proper load transfer between the
adjacent slabs at sawn joints. A joint spacing of 15 ft (4.57 m) was designed, and the joints were
matched with the surrounding concrete slabs. A vibrating screed was used to compact the PCC
layer (Figure 34a). A broom was used perpendicular to the traffic flow after finishing the PCC
layer to roughen the surface and increase the bond between the bottom PCC layer and the top
ECON layer (Figure 34b). A curing compound was not suggested for curing the PCC layer due
to its potential adverse impact on the bond between the two layers; therefore, wet curing using
curing blankets was chosen for the bottom PCC layer.

The research team started mounting the electrodes on top of the PCC layer (Figure 34c). The
electrodes were first washed and then dried in order to remove any debris or possible oil on their
surface. This was an essential step to ensure a good bond between each electrode and the ECON
layer. The perimeter of the ECON test sections, where it meets the standard concrete sections,
were isolated using expansion joints to minimize any interaction and potential strain build-up
with other unheated standard concrete slabs. The strain gauge and thermocouple trees were
installed, and their wires were guided to their designated PVC conduits (Figure 34d). The surface
of the PCC layer got cleaned using an air blower and damped to ensure a good bond between the
two lifts (Figure 34e). A white flag was installed at each sensor location so that the sensors did
not get stepped on during the ECON placing (Figure 34f).

The ECON layer was placed on October 25, 2018, and a vibrating screed was used to compact
this layer (Figure 34g). After the ECON layer was placed, a curing compound was sprayed on
top of the test section (Figure 34h) to prevent moisture loss. The shed was placed in the
southwest corner of the test section, and the wires were installed to connect the electrodes to the
power supply source. Meanwhile, the joints were cut full depth through the ECON layer to
match those in the bottom PCC layer. The last step in the construction phase was to fill the
trenches that hold the electrical and sensor PVC conduits with 6 in. (15.2 cm) hot-mix asphalt.
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6. IOWA DOT ECON HPS PERFORMANCE EVALUATION

6.1. State of Practice

The current winter maintenance operation conducted by the Iowa DOT ground crew for their
parking lot uses eight crews with eight units of snow-removal equipment. It takes the ground
crew an average of five hours to remove snow from the entire Iowa DOT parking lot in a typical
2 in. (5 cm) snow event. The ground crew used 10 tons (9 metric tons) of deicing chemicals and
sand between January 1, 2019, and February 20, 2019. The ground crew process is to first plow
and gather the snow in several designated areas in the parking lot and then apply deicing
chemicals and sand to the snow remaining on the pavement. Then, the crew hauls the gathered
snow from the designated locations and transfers it to the Iowa DOT south parking lot to
ultimately be melted by the sun. The Iowa DOT staff sends several emails to its employees
before each snow event asking them to move both personal and Iowa DOT-owned vehicles from
the south parking lot to facilitate the winter snow-removal operation.

Throughout the winter season, deicing chemicals usually get transferred to grassy areas, resulting
in the surrounding vegetation being killed, and the sand accumulates. Thus, these processes
require the ground crew each spring and summer to plant new grasses, especially near the
parking lot, and gather the sand that was spread.

This current state of practice for removing ice and snow is time-consuming, labor-intensive, and
environmentally unfriendly due to the usage of deicing chemicals.

6.2. First Seasonal Evaluation (2019)

Figure 35 depicts the ECON HPS system performance during February and March 2019.

The resistive heating performance of the ECON HPS was capable of maintaining a snow- and
ice-free surface, while the remaining parking lot area was covered with about 2 in. (5 cm) of
snow. The depicted snow event in Figure 35 began at 8 p.m. on February 11, 2019, and lasted
until 2 a.m. the next day (6 hours), and the average air temperature and relative humidity in this
period were 17°F (- ly. The system began operating at 8 p.m. and was
capable of melting all the snow by 11 p.m. (3 hours) and maintaining a snow-free surface until
the snow event ended. Appendix C was developed to show the step-by-step procedure of how to
use the PLC program to operate the ECON HPS system.

The power density (P) is the amount of energy consumed by each slab per unit area, and it was
calculated using the average current usage (I) and the voltage applied to the slabs during a snow
event. The applied voltage for the operation was chosen to be 120 VAC for the ECON HPS
performance evaluation. The power density range for all the slabs was between 10.2 W/ft2 (109.8
W/m2) and 45.6 W/ft2 (491.5 W/m2), with an average of 24.6 W/ft2 (265.1 W/m2).
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(a) (b)

(c) (d)
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Figure 35. ECON HPS heating performance: (a) southside slabs performance, (b) 2 in.
(5 cm) of snow accumulation on surrounding slabs, (c) northside slab performance, and

(d) infrared thermography (°F = [°C × 1.8] + 32)

Given resistivity variation due to carbon fiber dispersion within each test section was observed
among the slabs, to compare the power demand for each electrode configuration independent of
slab electrical resistivity, the power density was normalized by the resistivity measurement for
each slab. This normalization was necessary given the effect of resistivity is the linear inverse of
that of power density, meaning that a slab with higher resistivity has a lower power density and
vice versa. This normalization was essential to determine only the effect of electrode
configuration and eliminate the effect of ECON resistivity on the analysis. The normalized
power density for each test section and slab surface temperatures while in operation are shown in
Figure 36 and Figure 37, respectively.
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As shown in Figure 37, the electrode configuration directly affects the power density. In all
cases, a flat bar, a 1.0 in. (2.5 cm) hollow bar, a 1.0 in. (2.5 cm) solid bar, and a 0.75 in. (1.9 cm)
solid bar have the same trend that power density decreases when the number of electrodes
increases. However, the flat bar has the highest and the 0.75 in. (1.9 cm) solid bar the lowest
power density. It was also found that by increasing the electrode diameter in circular solid bars
from 0.75 in. (1.9 cm) to 1.0 in. (2.5 cm), the power density increased in all different spacing
options, due to the increase in the contact area between the electrode and the ECON layer. The
power density was also decreased for the flat bar and the 1.0 in. (2.5 cm) circular solid bar by
decreasing the spacing (increasing the number of electrodes within a slab).

Figure 37 shows the thermal performance of each slab and air temperature versus time. These
data were gathered from thermocouples placed 0.5 in. (1.3 cm) below the pavement surface. The
temperature in each slab increased after the slab was energized, but after some time, the slab
temperature stayed constant due to melting snow on the surface (phase change). The 10H-1.0
slab exhibited the highest temperature increase (13.3°F [ ] in two hours), while the 8S-0.75
slab exhibited the lowest. The average temperature rise for all the slabs was 9°F ( ) in two
hours. The slabs with 8 electrodes exhibited inferior heating performance compared to those with
10 electrodes.

6.3. Second Seasonal Evaluation (2020)

The ECON HPS slabs thermal performance was evaluated during the 2019 2020 winter season,
and the results are depicted in Figure 38.

Figure 38. Thermal performance of ECON HPS slabs in the second seasonal evaluation
(°F = [°C × 1.8] + 32)

Figure 39 depicts current measurements drawn from each slab during the second seasonal
evaluation.
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Figure 39. Second year current measurements of each slab

These data were used to calculate the power density for each slab shown in Figure 40, with
higher power density translating to higher thermal performance.

Figure 40. Second year power density measurements of each slab
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Slab 10H-1 exhibited the highest and best thermal performance, while slab 8S-0.75 exhibited the
poorest thermal performance among the 10 different design configurations. Figure 41 shows the
measured resistivity of the 10 slabs during this seasonal evaluation.

Figure 41. Second year slab resistivity measurements

Comparing the resistivity and power density data shows a clear relationship between resistivity
and power density. Slabs with higher resistivity generated less power density and lower thermal
performance, and vice versa.

6.4. Third Seasonal Evaluation (2021)

The ECON HPS slabs thermal performance, also evaluated during the 2020 2021 winter
season, are depicted in Figure 42.
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Figure 42. Thermal performance of ECON HPS slabs in the third seasonal evaluation (°F =
[°C × 1.8] + 32)

Figure 43 depicts current measurements drawn from each slab during the third seasonal
evaluation.
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Figure 43. Third year current measurements of each slab

These data were used to calculate the power density shown in Figure 44 for each slab, with
higher power density translating to higher thermal performance.

Figure 44. Third year power density measurements of each slab
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Similar to observations from the second seasonal evaluation, slab 10H-1 exhibited the highest
and best thermal performance while slab 8S-0.75 exhibited the poorest thermal performance slab
among the 10 different design configurations. Figure 45 shows the measured resistivity of the 10
slabs in the third seasonal evaluation.

Figure 45. Third year resistivity measurements of each slab

Comparing the resistivity and power density data shows a clear relationship between resistivity
and power density. Slabs with higher resistivity generated less power density and lower thermal
performance, and vice versa.

6.5. Structural Evaluation

A structural evaluation of both the control and heated sections at the Iowa DOT test site was
performed on September 30, 2019, using falling weight deflectometer (FWD) testing. An Iowa
DOT FWD vehicle was used to perform the FWD testing with assistance from the Iowa DOT s
special investigations section, as shown in Figure 46.
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Figure 46. Iowa DOT FWD vehicle

The FWD load levels were 9 kips (40 kN), 12 kips (53.4 kN), and 15 kips (66.7 kN), with the
loads applied both at the slab centers and at joints. The average FWD deflection plot for both the
control and heated slabs is shown in Figure 47.

Figure 47. Average FWD deflection plot for both the control and heated slabs

The average heated-slab deflection is about 10% lower than for the control slabs, indicating that
the heated slabs are stiffer with a higher modulus. BAKFAA 3.3.0 software (FAA 2020) was
used for back-calculation, and the average back-calculated modulus values for the heated and
control slabs were 5.5 million psi (38,000 million Pa) and 4.1 million psi (28,000 million Pa),
respectively.
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The average load transfer efficiency (LTE) was about 90% for both the heated and control slabs.
It is worth mentioning that while the control slabs had 1.5 in. (3.81 cm) diameter dowel bars and
the heated slabs had ¾ in. (1.9 cm) diameter dowel bars, this difference in dowel bar thickness
did not result in any significant changes in the slab LTE value. In addition, no cracking was
observed in the ECON HPS slabs after 3 years of monitoring. However, a crack was generated
on a standard concrete pavement on the south side of the ECON HPS slabs after 1 year of
construction. The ECON HPS slabs were located in a heavy loading area due to close proximity
to the distribution center receiving line at the Iowa DOT.
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7. SUMMARY, CONCLUSIONS, AND RECOMMENDATIONS

7.1. Conclusions

The objective of this study was to demonstrate the design, full-scale demonstration, and
performance monitoring of the largest operational ECON HPS. Ten ECON HPS test slabs were
designed and constructed at the south parking lot of the Iowa DOT headquarters in Ames, Iowa,
during October 2018. A PLC system and slab instrumentation using temperature sensors were
designed and implemented for remote-control operation and system performance monitoring.
Deicing and anti-icing ECON HPS performance was evaluated during the 2018 2021 winter
seasons.

The summarized findings of this study are as follows:

Ten ECON HPS test slabs with various electrode configurations were constructed in the
south parking lot of the Iowa DOT headquarters as the largest ECON HPS implementation
project. All the test slabs showed promising snow- and ice-free capabilities during various
winter weather events.

Each ECON HPS test slab had a different electrode configuration in terms of electrode shape,
size, and spacing. The flat bar, the 1.0 in. (2.5 cm) hollow bar, the 1.0 in. (2.5 cm) solid bar,
and the 0.75 in. (1.9 cm) solid bar have the same trend that power density decreases when the
number of electrodes increases. However, the flat bar has the highest and the 0.75 in. (1.9
cm) solid bar has the lowest power density among all the different spacing options.

The power density range for all the slabs was between 10.2 W/ft2 (109.8 W/m2) and 45.6
W/ft2 (491.5 W/m2), with an average of 24.6 W/ft2 (265.1 W/m2). The power density
normalized to the resistivity of each ECON HPS slab ranged between 0.42 W/ft2 (4.6 W/m2)
(slab 8S-0.75) and 8.6 W/ft2 (93.1 W/m2) (slab 8F-1).

Increasing the electrode diameter in circular solid bars resulted in an increase in power
density in all electrode spacing.

The power density was decreased in the flat bar and 1.0 in. (2.5 cm) circular solid bar slabs
by decreasing the electrode spacing (increasing the number of the electrodes used in each
slab).

Based on the theory, the laboratory studies, and the FE models, the temperature increase rate
of an electrode is influenced by its surface contact area (perimeter).

A theoretical formulation was developed to describe the ECON HPS thermal behavior.

An increase in electrode size resulted in an increase in energy conversion efficiency.
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FWD testing showed that the average heated pavement deflections were about 10% lower
than those of regular concrete pavement slabs, indicating that the heated slabs were stiffer
with a higher modulus.

The slope of the temperature increase rate versus the perimeter curve for different electrodes
was found to be identical in both water and ECON prototype slab tests.

Flat-bar orientation (vertical versus horizontal) did not significantly change the heating
performance of the electrodes according to water tests.

The PLC exhibited better control flexibility than Arduino board microcontrollers in terms of
autonomous control, expandability, and control capability.

7.2. Recommendations for Implementation and Future Research Directions

The findings of this study facilitate the design of an ECON HPS and provide detailed
information on the construction steps. The following recommendations have been drawn from
this study to facilitate the design and construction of future ECON HPS implementations:

A designed, programmed, and implemented PLC system was found to be a promising and
robust remote-control system to be used in ECON HPS technology.

Testing electrodes in water for monitoring the temperature increase rate is a faster,
repeatable, nondestructive, and cost-effective method for identifying favorable electrode
sizes and comparing electrode performance for an ECON HPS.

Considering initial costs of the electrodes, flat-bar and smaller-diameter electrodes were
found to be more cost-effective than the larger electrodes due to the lower cost of smaller-
sized electrodes relative to the temperature increase rates associated with them.

Use of 20% fly ash Class C replacement and removal of methylcellulose and DCI admixtures
helped improve the slump to 3.9 in. (10 cm) during the Iowa DOT project ECON placement.

If sensors are to be incorporated into the ECON HPS design, their tips and cables must be
electrically insulated and thermally operational.

Using multiple voltages with the PLC control device gave ECON HPS users control over
snow- and ice-melting speed.

Premature cracking due to the use of an angle-shaped electrode can be eliminated by
incorporating circular or flat-bar electrode shapes.
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The paths followed by water produced as the result of melting ice and snow from the heated
slabs to the drainage outlet must be heated to eliminate ice formation near the heated slabs.

The best operational practice of heated pavements is to turn the system on before the snow
event starts so that snow accumulation will not occur and operation time and consequent
operation cost will decrease.

Other applications and the rationale for prioritization among critical areas of Iowa transportation
infrastructure systems for ECON HPS implementations, identified as being of interest to the
Iowa DOT and Iowa county and city engineers, are discussed as follows:

Bridge decks
Bridges are the first locations in a highway system to freeze during the winter season.
Thin layers of black ice and frost form on top of the bridge deck, potentially resulting in
vehicles sliding off the bridge and causing fatal crashes. Many highway agencies dedicate
portions of their winter maintenance budget to deicing these locations (so-called frost-run
operations) that help mitigate this hazard. Entrance and exit ramps on the highway system
are also potential winter hazards due to higher vehicle speeds and the potential to slide
off the ramp.

Given these frost-run operations are typically on bridges located over a body of water,
resulting in a direct chloride load into the water system, heated-bridge technology can
mitigate direct chloride load into nearby water bodies.

During this study, several highway agencies, such as those in Iowa and Wisconsin, have
expressed strong interest in implementation of heated-bridge technology.

Rest areas
Rest areas, specifically on interstate highway systems, experience high foot traffic
throughout the year, and they are typically located in areas that would not be easily
accessible to winter maintenance crews to clear the snow and ice in a timely manner.

ECON HPS technology is in full compliance with the Americans with Disabilities Act
(ADA) mission to ease the commute of individuals with disabilities, especially during the
winter season. Based on data from the U.S. Bureau of Labor Statistics, about 25% of ice-
and snow-related falls occur in parking lots. Snow and ice can cause significant hardship
for individuals with disabilities, and implementing heated pavement on parking lots and
ramps could be a way to mitigate this hardship. In addition, the Iowa DOT has received
dedicated funding for ADA-compliance projects that can be used to further implement
ECON HPS, facilitating the contribution of people with disabilities to our society.

The versatility of the ECON HPS technology demonstrated for roadway application in this study
is such that it can be custom-designed and optimized for each specific transportation
infrastructure application depending on need and interest. This versatility stems from the fact that
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the ECON HPS technology can be implemented as either a conductive concrete surface for a
new construction project or a conductive concrete overlay on top of an existing structure for a
rehabilitation project. However, the ECON HPS design requirements and considerations are
somewhat different for each specific application, warranting detailed research investigations
before being fully implemented in each situation. Therefore, pursuit of future research directions
from this study is recommended to develop and implement custom-designed and optimized
ECON HPS technology for each prioritized application area identified (i.e., bridge decks and rest
areas).
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reinforced or non-reinforced concrete of the class specified in the contract documents.
Reinforce as shown in the contract documents. Place, consolidate, and finish without the use
of fixed forms.

C. ECON
ECON is a cementitious mixture containing a certain amount of electrically conductive
components in standard concrete, which is designed for pavement to serve as the heat source
when electrical energy is applied. The general constituents of ECON are cement, aggregates,
water, electrically conductive additives (ECAs), and possibly admixtures. ECON can be
utilized as a top layer in an ECON HPS. An ECON layer requires the installation of
electrodes to provide electric power to the ECON HPS for generating heat. In addition to
electrodes, it may be reinforced or non-reinforced using fiberglass reinforcing steel bars or
alternatives. Place, consolidate, and finish with the use of fixed forms or slip form.
Reinforcement and paving type (i.e., fixed form or slip form) as are applied shown in the
contract documents. Additional details on the pavement materials are given as follows:

A.2. Pavement Materials

A. PCC Layer (Bottom Layer)

the Iowa DOT Standard
Specifications.

B. ECON Layer (Top Surface Layer)

1. General

the Iowa DOT Standard Specifications unless items are specified
by the engineer. Given the consistency and workability of carbon fiber-reinforced
concrete is different from an equivalent standard concrete, adjustments to aggregate
gradations and cement paste to aggregate ratio are required to obtain desirable fresh and
hardened properties.

2. Electrically Conductive Additives (ECAs)
Carbon fiber with a nominal length of 0.25 in. (6 mm) and a diameter of 7 µm in dosages
less than 1.25% by total volume of concrete can be used as an ECA.

3. Combined Fine and Coarse Aggregate
Fine and coarse aggregate proportions are determined to obtain required concrete

Section
41 the Iowa DOT Standard Specifications.
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4. Water, Consistency, and Batch Yield
Water/cementitious materials ratio, consistency, and batch yield should conform to

the Iowa DOT Standard
Specifications.

5. Entrained-Air Content
Conformance with the entrained-

the Iowa DOT Standard Specifications.

6. Admixtures
Air entraining, water-reducing admixture, and set-retarding admixtures were used in
accordance to Liquid Admixtures for Portland Cement Concrete

the Iowa DOT Standard Specifications.
Corrosion inhibitor admixture (e.g., DCI admixture manufactured by GCP Applied
Technologies) can only be used as a conductivity-enhancing agent based on its
compatibility with other admixtures.

7. Use of Supplementary Cementitious Materials
Class F fly ash th Section 4108. Supplementary

the Iowa DOT
Standard Specifications.

8. Proportioning and Mixing of Concrete Materials

a. Storage and Handling of Aggregates
Should be

the Iowa DOT Standard Specifications.

b. Storage and Handling of Cement and Fly Ash

the Iowa DOT Standard Specifications.

c. Measurement of Materials
Should conform practice in
the Iowa DOT Standard Specifications. In addition, the engineer independently tested
the materials and verified the results given by the contractor two weeks prior to
concrete placement.

d. Mixing of Materials
Carbon fiber should be fed into the concrete mixer along with fine and coarse
aggregate and dry-mixed for 30 seconds before addition of water and cement. A
portion of the water (10 20 gallons) should be added at the job site and mixed for an
adequate length of time. To prevent excessive fiber wear by aggregates, the entire
mixing procedure (the sum of the mixing time in the concrete plant and truck mixer)
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should not take longer than 15 minutes. Preconstruction training and pretrial quality
control tests of an ECON trial batch produced from the concrete plant is
recommended at least 14 days before paving at the job site.

A.3. Construction

When the contract allows for either standard or slip-form pavement, the method used is the
-

form is specified, small or irregular areas may be constructed with fixed forms. Irregularly
shaped areas of either type of pavement may be formed and finished by hand methods. The
construction steps are given as follows:

A. General: Construction Procedures
Part of the construction procedure of the ECON slabs is shown in Figure A-2.

Figure A-2. ECON construction procedure

The construction sequence of the ECON HPS involves the following major steps:

Step 1: Prepare the subgrade and base layer
Step 2: Install dowel baskets and tie bars
Step 3: Place polyvinyl chloride (PVC) conduits to house wires for sensors and power
lines for electrodes
Step 3: Place PCC layer as the bottom layer
Step 4: Place electrode and sensor systems
Step 5: Connect electrical wires for electrodes to an alternating current (AC) power
supply and connect sensor wires to data acquisition systems
Step 6: Place fiberglass on top of the electrodes
Step 5: Clean the surface of the PCC layer and the electrodes
Step 6: Place ECON layer as the top surface layer
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B. Base and Subgrade Preparation
Meet the requirements for the respective
Subbases; ;

the Iowa DOT Standard Specifications.

C. Install Dowel Baskets and Tie Bars
Meet the requirements for these

The dowel baskets and tie bars should also
be covered by a PCC layer (bottom layer) so that electrodes can be easily installed on top of
the surface of the PCC layer.

D. PVC Conduit Installation
Installation s the Iowa
DOT Standard Specifications. PVC conduits should be used to protect and house the wires
for electrodes and sensors. To prevent interference between sensor signals, the electrical
wires of the electrodes should be placed into separate conduits. PVC conduits and junction
boxes should be installed to support placing wires through the conduits.

E. PCC Layer (Bottom Layer)
Meet the requirements for the PCC layer

the Iowa DOT Standard Specifications. In addition, the surface of the PCC
layer should be screeded or roughened using brooms to create a rough surface or grooved to
enhance the bond between the hardened PCC layer (bottom layer) and the later-placed ECON
layer (top layer) (Figure A-3).

Figure A-3. Broom or screed PCC surface

F. ECON Layer (Top Surface Layer)
Meet the requirements for the ECON layer

the Iowa DOT Standard Specifications. These items include electrode
installation, sensor installation, electrical connections for electrodes, fiberglass installation (if
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Standard Specifications. Electrodes should be connected to the AC power source. The
ECON electric power supply system should be tested to check the wiring connections to
the electrodes before placing the ECON layer. The electrical works required are

4. Clean the Surface of the PCC Layer
The contractor should thoroughly clean the surface of the bottom PCC layer and the
electrodes, using an air blower, brooms, and a pressure washer to provide sufficient
bonding between the electrodes and the ECON layer.

5. Placing ECON Layer
Meet the requirements for the ECON layer

the Iowa DOT Standard Specifications. In addition, caution should be taken
during the placement of the ECON layer to prevent damage to the electrode and sensor
systems.

A.4. Electrical Works for Power Supply Management and Operation Control Systems

The following steps describe the required power supply and operation control management:

A. Design of Power Supply Management and Operation Control Systems
An electrical power source should be identified for designing power supply management and
operation control systems. Assuming construction and operation of 10 ECON slabs, three-
phase 208 volt alternating current (VAC) would be appropriate. The 10 ECON slabs are
grouped into three separate zones, each tied to a single phase of the source to better distribute
the power going through the slabs. An industrial-standard programmable logic controller
(PLC) system can be used as the control system. The PLC central processing unit (CPU)
(Automation Direct D4-440) requires a conveniently available 120 240 VAC source (a
common household power outlet has a rating of 110 V), because it has low power
consumption, allowing the CPU to tap power from the source intended primarily for the
ECON slabs as an option if necessary. The cost of this model is another advantage; the
alternative CPU requires a volt direct current (VDC) source and is more expensive.

In addition to the CPU, other peripherals and parts required for the system to be functional
are as follows:

Electrically erasable programmable read-only memory (EEPROM) cartridge to store
ladder logic (programming codes)
Output module to send on/off signals to relays
Relays (one for each slab) to control connections between sources and wires to electrodes
based on signals from the output module
Input/Output (I/O) base to hook onto the modules
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Communication module to connect the PLC system to the internet for remote-access
purposes

In addition to the parts mentioned previously, several other accessories are also needed
including the following:

Programming cable
Serial adapter
Pin connectors

The PLC system functions by sending signals to the relays. There are two sides of each relay:
INPUT and LOAD. The INPUT pins are connected to the output module and common of the
same module. The INPUT side detects the type of signal sent, either high (1) or low (0), and
controls the connector built into the LOAD side. The LOAD pins are connected to the
sources and the wires to the electrodes embedded into the ECON slabs. When INPUT detects
a high signal, the LOAD is connected and current can flow from the source to the electrodes,
then through the conductive ECON slabs into the grounded alternate electrodes (connected to
neutral line of the source) to form a complete circuit.

B. Electrical Works Procedures

Step 1*: Connect alternate electrodes into a ground conduit to be connected to the neutral
line of the power source

Step 2*: Connect remaining electrodes to wires pulled to the designated PLC system setup
location

Step 3: Install PLC hardware into panel with clear and consistent labeling for relays

Step 4: Connect PLC hardware together based on user manual from the manufacturer

Step 5: Connect output module and common pins from PLC to INPUT pins on relays

Step 6: Connect source and wires to electrodes to LOAD pins on relays

Step 7: Conduct safety check on PLC system

Step 8: System startup and upload programming code

Step 9: Run initial test

* These steps should be done before placing the ECON layer
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APPENDIX B. ECON HPS APPROVAL PROCESS SUMMARY

The approval process for the electrically conductive concrete (ECON) heated pavement system
(HPS) in this project consisted of two parts: (1) wiring from the utility line to circuit breakers
that had been wired by the Iowa Department of Transportation (DOT) electricians and (2) control
system and wire distribution to each slab performed by the Iowa State University (ISU) research
team. The first part approval was granted to the project but only conditional operation was
granted for the second part.

On February 02, 2019, the slabs were turned on in the presence of a state electrical inspector,
electrical safety tests were performed on the slabs, and the slabs were found to be in a safe
condition. Some of the slabs relays were experiencing overheating due to high conductivity of
the slabs, and the state electrical inspector allowed the ISU team to turn on the slabs to fix any
possible bugs in the system.

After the first visit by the state inspector, the ISU research team made the following list of
modifications in the electrical system, and they were completed by November 2019:

To address the unbalanced load on the circuit breakers, the 208 volt alternating current
(VAC) source was changed to 120 VAC:
The system worked with 120 VAC, and the maximum current through each breaker was
less than 40 Amps

To provide better heat transfer and dissipate heat from the relays:
Relays were removed from wooden plates and installed on steel plates (The heated
wooden plates smelled , so they were replaced by steel plates)
Cooling fans were installed on the box covers to constantly blow on the relays
The maximum temperature reached by the relays is currently about 55°C] (The
allowable working temperature for these relays is 90°C])
Figure B-1 shows the modified boxes and the installed fans on the relays

A surveillance camera was installed, which allowed monitoring the system continuously
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Figure B-1. Modification to address the overheating of relays

On November 14, 2019, Dave Millard, a professional engineer (PE) in electrical engineering
from the Millard Engineering firm, visited the heated pavement site at the Iowa DOT
headquarters and provided a letter regarding the wiring of the second part of the project,
performed by the ISU research team (Figure B-2), stating that
accordance with the National Electrical Code.
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Figure B-2. Letter from a PE in electrical engineering regarding the wiring at Iowa DOT
ECON HPS
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APPENDIX C. DRAFT USER MANUAL FOR IOWA DOT ECON HPS

This is a step-by-step set of instructions for running the electrically conductive concrete (ECON)
heated pavement system (HPS) system at the Iowa Department of Transportation (DOT). The
seven steps are as follows:

Step 1: Place the status mode on the programmable logic controller (PLC) device itself to TERM
and connect the USB cable to the computer.

Step 2: Left double click on DSLaunch 6 software.

Figure C-1. Step 2 screenshot

Step 3: Left double click on ia_dot_dual.prj in DSLaunch.

Figure C-2. Step 3 screenshot
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Step 4: Left click on Mode in DirectSOFT 6 Programming - ia_dot_dual.

Figure C-3. Step 4 screenshot

Step 5: The PLC Modes windows will appear.

Figure C-4. Step 5 screenshot

Step 6: Choose Run mode, and click the OK button.
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Figure C-5. Step 6 screenshot

Step 7: Left double click the ON button for the C101. This initiates automatic operation of the
system. In order to end the operation, click the on/off button.

Figure C-6. Step 7 screenshot
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New definition in Article 100 

Conductive Pavement Heating System.  A system in which heat is generated by 
passing current between electrodes embedded within the pavement material and 
through the pavement material.  The pavement material may be primarily of concrete, or 
asphalt, or the like, and is typically constructed as bridge structures, walks, steps, roads 
or parking areas. 
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Article 426 Fixed Outdoor Electric Deicing and Snow-Melting 
Equipment 

Part I. General 

426.1 Scope.  This article covers fixed outdoor electric deicing and snow-melting 
equipment and the installation of these systems.   

(A) Embedded.  Embedded in driveways, walks, steps, roads, and other areas. 

(B) Exposed.  Exposed on drainage systems, bridge structures, roofs, roads, and other 
structures. 

Informational Note: See ANSI/IEEE 515.1-2012, Standard for the Testing, Design, 
Installation and Maintenance of Electrical Resistance Trace Heating for Commercial 
Applications, for further information. See IEEE 844/CSA 293 series of standards for 
fixed outdoor electric deicing and snow-melting equipment. 

(C) Combination.  Combinations of embedded and exposed equipment in driveways, 
walks, steps, roads, bridge structures and similar locations. 

426.3 Other Articles.  Cord-and-plug-connected fixed outdoor electric deicing and snow-
melting equipment shall additionally comply with Table 426.3. 

Table 426.3 Other Articles 

Equipment Article 

Appliances 422 (Parts I, II, III, IV, V) 

426.4 Continuous Load.  Fixed outdoor electric deicing and snow-melting equipment 
shall be considered a continuous load. 

426.6 Listing.  A conductive pavement heating system shall be listed and installed in 
accordance with the installation instructions and conductive pavement mixture 
specifications.   

Part II. Installation 

426.10 General.  Equipment for outdoor electric deicing and snow melting shall be 
identified as suitable for the environment and installed in accordance with the 
manufacturer’s instructions. 

426.11 Use.  Electric heating equipment shall be installed in such a manner as to be 
afforded protection from physical damage.   

426.12 Thermal Protection.  External surfaces of outdoor electric deicing and snow-
melting equipment that operate at temperatures exceeding 60°C (140°F) shall be 
physically guarded, isolated, or thermally insulated to protect against contact by 
personnel in the area. 



Page 3 
 

426.13 Identification.  The presence of outdoor electric deicing and snow-melting 
equipment shall be evident by the posting of appropriate caution signs or markings 
where clearly visible. 

 

Part III. Resistance Heating Elements 

426.20 Embedded Deicing and Snow-Melting Equipment. 

(A) Watt Density.  Panels or units shall not exceed 1300 watts/m2 (120 watts/ft2) of 
heated area. 

(B) Spacing.  The spacing between adjacent cable runs is dependent upon the rating of 
the cable and shall be not less than 25 mm (1 in.) on centers. 

(C) Cover.  Units, panels, or cables shall be installed as follows: 

(1)  On a substantial concrete, masonry, or asphalt base at least 50 mm (2 in.) thick and 
have at least 38 mm (11⁄2 in.) of concrete, masonry, or asphalt applied over the units, 
panels, or cables; or 

(2)  They shall be permitted to be installed over other identified bases and embedded 
within 90 mm (31⁄2 in.) of concrete, masonry, or asphalt but not less than 38 mm (11⁄2 
in.) from the top surface; or 

(3)  Equipment that has been listed for other forms of installation shall be installed only 
in the manner for which it has been identified. 

(D) Secured.  Cables, units, and panels shall be secured in place by frames or 
spreaders or other approved means while the concrete, masonry, or asphalt finish is 
applied. 

(E) Expansion and Contraction.  Cables, units, and panels shall not be installed where 
they bridge expansion joints unless provision is made for expansion and contraction. 

426.21 Exposed Deicing and Snow-Melting Equipment. 

(A) Secured.  Heating element assemblies shall be secured to the surface being heated 
by identified means. 

(B) Overtemperature.  Where the heating element is not in direct contact with the 
surface being heated, the design of the heater assembly shall be such that its 
temperature limitations shall not be exceeded. 

(C) Expansion and Contraction.  Heating elements and assemblies shall not be installed 
where they bridge expansion joints unless provision is made for expansion and 
contraction. 

(D) Flexural Capability.  Where installed on flexible structures, the heating elements and 
assemblies shall have a flexural capability that is compatible with the structure. 
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426.22 Installation of Nonheating Leads for Embedded Equipment. 

(A) Grounding Sheath or Braid.  Except as permitted under 426.22(B), nonheating leads 
installed in concrete, masonry, or asphalt shall be provided with a grounding sheath or 
braid in accordance with 426.27 or shall be enclosed in rigid metal conduit, electrical 
metallic tubing, intermediate metal conduit, or other metal raceways. 

(B) Splice Connections.  The splice connection between the nonheating lead and 
heating element, within concrete, masonry, or asphalt, shall be located no less than 25 
mm (1 in.) and no more than 150 mm (6 in.) from the metal raceway. The length of the 
nonheating lead from the metal raceway to the splice assembly shall be permitted to be 
provided without a grounding sheath or braid. Grounding continuity shall be maintained. 

(C) Bushings.  Insulating bushings shall be used in the concrete, masonry, or asphalt 
where the leads enter a metal raceway. 

(D) Expansion and Contraction.  Leads shall be protected in expansion joints in 
accordance with 300.4(H) or installed in accordance with the manufacturer’s 
instructions. 

(E) Emerging from Grade.  Exposed nonheating leads shall be protected by raceways 
or other identified means. 

(F) Leads in Junction Boxes.  Not less than 150 mm (6 in.) of free nonheating lead shall 
be within the junction box. 

426.23 Installation of Nonheating Leads for Exposed Equipment. 

(A) Nonheating Leads.  Power supply nonheating leads (cold leads) for resistance 
elements shall be identified for the temperature encountered. Not less than 150 mm (6 
in.) of nonheating leads shall be provided within the junction box. Preassembled factory-
supplied and field-assembled nonheating leads on approved heaters shall be permitted 
to be shortened if the markings specified in 426.25 are retained. 

(B) Protection.  Nonheating power supply leads shall be enclosed in a rigid conduit, 
intermediate metal conduit, electrical metallic tubing, or other approved means. 

426.24 Electrical Connection. 

(A) Heating Element Connections.  Electrical connections, other than factory 
connections of heating elements to nonheating elements embedded in concrete, 
masonry, or asphalt or on exposed surfaces, shall be made with insulated connectors 
identified for the use. 

(B) Circuit Connections.  Splices and terminations at the end of the nonheating leads, 
other than the heating element end, shall be installed in a box or fitting in accordance 
with 110.14 and 300.15. 

426.25 Marking.  Each factory-assembled heating unit shall be legibly marked within 75 
mm (3 in.) of each end of the nonheating leads with the permanent identification 
symbol, catalog number, and ratings in volts and watts or in volts and amperes. 
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426.26 Corrosion Protection.  Ferrous and nonferrous metal raceways, cable armor, 
cable sheaths, boxes, fittings, supports, and support hardware shall be permitted to be 
installed in concrete or in direct contact with the earth, or in areas subject to severe 
corrosive influences, where made of material suitable for the condition, or where 
provided with corrosion protection identified as suitable for the condition. 

426.27 Grounding Braid or Sheath.  Grounding means, such as copper braid, metal 
sheath, or other approved means, shall be provided as part of the heated section of the 
cable, panel, or unit. 

426.28 Ground-Fault Protection.  Ground-fault protection shall be provided for fixed 
outdoor electric deicing and snow-melting equipment. The trip level of ground-fault 
protection shall be as specified by the manufacturer. 

Part IV. Impedance Heating 

426.30 Personnel Protection.  Exposed elements of impedance heating systems shall 
be physically guarded, isolated, or thermally insulated with a weatherproof jacket to 
protect against contact by personnel in the area. 

426.31 Isolation Transformer.  An isolation transformer with a grounded shield between 
the primary and secondary windings shall be used to isolate the distribution system from 
the heating system. 

426.32 Voltage Limitations.  The secondary winding of the isolation transformer 
connected to the impedance heating elements shall not have an output voltage greater 
than 30 volts ac. 

426.33 Induced Currents.  All current-carrying components shall be installed in 
accordance with 300.20. 

Part V. Skin-Effect Heating 

426.40 Conductor Ampacity.  The current through the electrically insulated conductor 
inside the ferromagnetic envelope shall be permitted to exceed the ampacity values 
shown in Table 310.16, provided it is identified as suitable for this use. 

426.41 Pull Boxes.  Where pull boxes are used, they shall be accessible without 
excavation by location in suitable vaults or above grade. Outdoor pull boxes shall be of 
watertight construction. 

426.42 Single Conductor in Enclosure.  The provisions of 300.20 shall not apply to the 
installation of a single conductor in a ferromagnetic envelope (metal enclosure). 

426.43 Corrosion Protection.  Ferromagnetic envelopes, ferrous or nonferrous metal 
raceways, boxes, fittings, supports, and support hardware shall be permitted to be 
installed in concrete or in direct contact with the earth, or in areas subjected to severe 
corrosive influences, where made of material suitable for the condition, or where 
provided with corrosion protection identified as suitable for the condition. Corrosion 
protection shall maintain the original wall thickness of the ferromagnetic envelope. 
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426.44 Equipment Grounding Conductor.  The ferromagnetic envelope shall be 
connected to an equipment grounding conductor at both ends; and, in addition, it shall 
be permitted to be connected to an equipment grounding conductor at intermediate 
points as required by its design. 

Section 250.30 shall not apply to the installation of skin-effect heating systems. 

Part VI Conductive Pavement Heating Systems 

426.60 General.   Except as modified in this Part, conductive pavement heating 
systems shall comply with Parts I, II and VII of Article 426 and the following additional 
requirements.  

426.62 Engineered Design.   

The engineering design shall comply with all the following. 

(A) Site Specific Design.  Conductive pavement heating systems shall be designed 
and specified for specific installation site applications within the limits of the listing and 
manufacturer’s installation instructions.   

(B) Professional Engineer Required.  The engineer shall be a licensed professional 
electrical engineer retained by the system owner or installer. 

(C) Documentation. Documentation of the engineered design of the conductive 
pavement heating system shall be stamped and provided to the Authority Having 
Jurisdiction.  The installation instructions, mixture specifications, and required 
conductivity test reports shall be provided to the Authority Having Jurisdiction. 

(D) Additional Design Information.  Additional stamped independent engineering 
reports detailing compliance of the design with applicable electrical standards and 
industry practice shall be provided upon request of the Authority Having Jurisdiction.  

(E) Conformance Documentation.  Conformance documentation shall include details 
of conformance of the design with the applicable parts of Article 426, or other articles of 
this Code. 

426.64 Installation Engineering Supervision.  Conductive pavement heating systems 
shall be installed under design engineering supervision and in accordance with the 
manufacturer’s instructions.  All documentation shall be provided to the Authority Having 
Jurisdiction. 

426.66 Conductive Pavement Heating System 

(A) Cover.  Embedded electrodes shall be installed in accordance with the product 
listing and the following: 

(1)  On a substantial concrete, masonry, or asphalt base at least 100 mm (4 in.) thick 
and having at least 50 mm (2 in.) of conductive pavement applied under the electrodes 
and over the top of the electrodes; or 
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(2)  The electrodes shall be permitted to be installed over other identified structural 
bases and embedded within 150 mm (6 in.) of conductive pavement with not less than 
50 mm (2 in.) under the electrodes and over the top of the electrodes; or 

(3)  Equipment that has been listed for other forms of installation shall be installed only 
in the manner for which it has been identified. 

(B) Secured.  Electrodes and supply conductors shall be secured in place by frames or 
spreaders or other approved means while the conductive pavement is installed. 

(C) Expansion and Contraction.  Electrodes and supply conductors shall not be 
installed where they bridge expansion joints unless provision is made for expansion, 
contraction or other movement. 

(D) Overtemperature.  The conductive pavement system shall be monitored for surface 
temperatures and have overtemperature protection installed set not greater than 15°C 
(60°F).  An overtemperature condition shall cause the power to the electrodes to be 
deenergized. 

(E) Flexural Capability.  Where installed on flexible structures, the electrodes and 
associated equipment shall have a flexural capability that is compatible with the 
movement of the structure. 

426.68- Installation of Nonheating Leads. 

A) Nonheating Leads.  Power supply nonheating leads (cold leads) for connection to 
the electrodes shall be identified for the temperature encountered.  Not less than 150 
mm (6 in.) of nonheating leads shall be provided within junction boxes.  

(B) Protection.  Nonheating leads shall be enclosed in a rigid nonmetallic conduit or 
other approved means. 

426.70 Electrical Connection. 

(A) Electrode Connections.  Electrical connections, other than factory connections of 
electrodes to nonheating leads, shall be made with insulated connectors identified for 
the use. 

(B) Circuit Connections.  Splices and terminations at the end of the nonheating leads, 
other than the electrode end, shall be installed in a box or fitting in accordance with 
110.14 and 300.15. 

426.72 Corrosion Protection.  Ferrous and nonferrous metal raceways, boxes, fittings, 
supports, and support hardware shall be permitted to be installed in pavement or in 
direct contact with the earth, or in areas subject to severe corrosive influences, where 
made of material suitable for the condition, or where provided with corrosion protection 
identified as suitable for the condition. 

426.74 Ground-Fault Protection.  Ground-fault protection of equipment shall be 
provided for the electrodes used in conductive pavement heating systems.  The trip 
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level of ground-fault protection shall be as specified by the conductive pavement 
heating system manufacturer and listing. 

426.76 Conductive Pavement Materials.  The conductive pavement materials shall be 
mixed in accordance with the specifications from the installation instructions.  The 
maximum and minimum limits for resistance or conductivity shall be provided in the 
installation instructions and in accordance with the listing. 

426.78 Conductivity Testing.  The conductive pavement material mixture shall be 
tested for resistance or conductivity and the test report provided to the Authority Having 
Jurisdiction.  Final approval for the installation shall not be granted until all material test 
reports have been provided and reviewed. 

426.80 Equipment Mounting.   Structures or equipment mounted onto the conductive 
pavement surface shall be electrically bonded together and connected to the equipment 
grounding system. 

426.82 Grounding and Bonding.    

An 8 AWG bare copper ground ring shall be installed and connected to the equipment 
grounding conductors.  The ground ring and associated connections shall comply with the 
following: 

(1) The conductors follow the contour of the perimeter surface. 

(2) Only listed splicing devices suitable for direct burial or concrete encasement, or 
exothermic welding are used. 

(3) The conductor(s) is 150 mm to 300 mm (6 in. to 12 in.) outside the perimeter of the 
conductive pavement heating system. 

(4) The conductor(s) is under the perimeter surface 100 mm to 150 mm (4 in. to 6 in.) below 
finished grade. 

 

Part VI VII. Control and Protection 

426.590 Disconnecting Means. 

(A) Disconnection.  All fixed outdoor deicing and snow-melting equipment shall be 
provided with a means for simultaneous disconnection from all ungrounded conductors. 
Where readily accessible to the user of the equipment, the branch-circuit switch or 
circuit breaker shall be permitted to serve as the disconnecting means. The 
disconnecting means shall be of the indicating type and be capable of being locked in 
the open (off) position. 

(B) Cord-and-Plug-Connected Equipment.  The factory-installed attachment plug of 
cord-and-plug-connected equipment rated 20 amperes or less and 150 volts or less to 
ground shall be permitted to be the disconnecting means. 

426.5192 Controllers. 
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(A) Temperature Controller with “Off” Position.  Temperature-controlled switching 
devices that indicate an “off” position and that interrupt line current shall open all 
ungrounded conductors when the control device is in the “off” position. These devices 
shall not be permitted to serve as the disconnecting means unless they are capable of 
being locked in the open position in compliance with 110.25. 

(B) Temperature Controller Without “Off” Position.  Temperature controlled switching 
devices that do not have an “off” position shall not be required to open all ungrounded 
conductors and shall not be permitted to serve as the disconnecting means. 

(C) Remote Temperature Controller.  Remote controlled temperature-actuated devices 
shall not be required to meet the requirements of 426.5192(A). These devices shall not 
be permitted to serve as the disconnecting means. 

(D) Combined Switching Devices.  Switching devices consisting of combined 
temperature-actuated devices and manually controlled switches that serve both as the 
controller and the disconnecting means shall comply with all of the following conditions: 

(1)  Open all ungrounded conductors when manually placed in the “off” position 

(2)  Be so designed that the circuit cannot be energized automatically if the device has 
been manually placed in the “off” position 

(3)  Be capable of being locked in the open position in compliance with 110.25 

426.5494 Cord-and-Plug-Connected Deicing and Snow-Melting Equipment.  Cord-and-
plug-connected deicing and snow-melting equipment shall be listed. 
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Substantiation 

Introduction 

A conductive concrete heating system that has been developed by the Iowa State 
University Department of Civil, Construction and Environmental Engineering with 
several pilot installations.  These installations have the pavement surface with 
electrodes embedded within the pavement and placed at a set distance but not in direct 
contact with each other.  The pavement mixture has additives, such as carbon fiber, 
included to enhance and increase the conductivity.   

Existing NEC Does Not Provide Coverage 

The present NEC requirements do not address this new technology.  Because this 
technology is very different than present systems covered by Article 426 a new Part VI 
is proposed along with other changes specific to the conductive pavement applications.  
Many of these requirements were taken from those existing in Article 426 and adapted 
to this new technology.   

Background 

Over the past decade several research projects have been undertaken to develop 
alternate methods for snow melting and deicing paved surfaces.  This includes 
sidewalks, steps to public buildings, bridges, bus stops, roadways and similar locations.  
The primary driver behind seeking the alternatives is the environmental impact of using 
chemicals as well as the cost in labor and equipment to facilitate snow or ice removal.  
Even with all the efforts from government and private entities, there are numerous minor 
to very serious injuries every year from slips and falls on icy or snow-covered walkways.   

These projects have ranged from University of Alaska, Anchorage to Iowa State 
University Department of Civil, Construction and Environmental Engineering among 
others.  There is also interest in implementing this technology by the FAA, 
transportation departments in Michigan, Colorado, Missouri and others as well as the 
US Department of Transportation.  A web search will identify a number of research 
papers and other literature promoting the concept of heated pavements using other than 
the traditional methods.  Many pavement materials, concrete or asphalt for example, 
have some level of conductivity.  Regular Portland Cement Concrete (PCC) is 
conductive and is recognized as such by the NEC, for example, its use in a concrete 
encased electrode, reference 250.52(A)(3) and as a grounded surface when 
considering working space in 110.26(A) and 110.34(A).  For further information on the 
research from Iowa State University, see the final report from October 2021 by Iowa 
State University at this web site:   

https://intrans.iastate.edu/research/completed/self-heating-electrically-conductive-
concrete-demonstration-project/ 

System Operation 
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Controls are provided to sense the presence of snow or ice to activate the system and 
monitor proper operation.  When the control system senses snow or icing of the 
pavement, the system applies a voltage between the electrodes, for example 120 volts 
AC, and current then flows through the resistance of the conductive pavement 
generating heat.  The temperatures required are only high enough to melt any 
accumulated snow or ice and to keep ice from forming on the surface.  This is 
approximately 40°F.  The system only applies power to the electrodes when needed as 
determined by a snow switch and pavement temperature sensing units.   

Proposed NEC Sections Technical Discussion 

A new definition for Conductive Pavement Heating System has been added to Article 
100 for this new technology.  This has been recommended to be under the purview of 
CMP-17 and applicable to Article 426 only.  This is to be considered under public input 
3479.  

The scope of Article 426 has been modified to accommodate this technology and 
provide coverage for this system that has a combination of embedded and exposed 
elements.  Since this new technology is neither fully embedded nor fully exposed, a new 
item “(C)” has been added to incorporate systems that are a combination of embedded 
and exposed elements.  The electrodes for this system are fully embedded into the 
pavement but since the pavement itself is part of the heating circuit, that is obviously 
exposed. 

A new listing requirement, 426.6, has been added specific to this technology.  The 
numbering and location are to comply with the NEC Style Manual.  The Iowa 
Department of Transportation has engaged UL Solutions in developing the listing 
requirements, either as a modification to an existing standard or development of a new 
standard.  That project is being conducted in parallel and coordinated with the proposed 
changes to the NEC as this Code cycle progresses.   

No changes are proposed to Parts II through V as these parts are specific with different 
concepts and unrelated technologies.  Due to the unique nature of this technology, it 
was determined a whole new part was needed, therefore the creation of the new Part VI 
and renumbering of the existing Part VI to Part VII.  This is consistent with other parts in 
Article 426 that address a specific type of equipment or system. 

New Part VI 

The new part is recommended to become Part VI and the existing Part VI to be 
renumbered to Part VII with applicable renumbering of the three affected sections.  The 
public input has made the applicable edits to the new Part VII and verified renumbering 
in cross references.  Many of the requirements in this part were extracted from previous 
parts and modified to fit this new technology.  The general sequence remained the 
same as in previous parts for consistency and usability. 

A new general requirement is included to clarify what previous parts of Article 426 are to 
be included for installations of conductive pavement heating systems.  In addition to the 
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listing requirements, the design and oversight of the installation of conductive pavement 
heating systems is required to be conducted by a registered professional engineer.  
This is similar to existing NEC requirements found in 371.14 and 691.6.  Having the 
design professional for the custom design of each system with the standardized 
specification and listing by a recognized testing laboratory provides the Authority Having 
Jurisdiction with a solid body of information to assist in the approval of the installation.  
This aspect was strongly recommended by the AHJs that are part of the Iowa DOT 
team working on this project.   

There are clear documentation requirements for the initial design through the final 
installation to be provided to the Authority Having Jurisdiction for review and approval.  
The manufacturer’s instructions, that will be part of the listing, and the specifications for 
the pavement batch mixing are required for the AHJ to evaluate conformance of the 
installation.  This is aided by the requirement that the design engineer oversee the 
installation and provide to the AHJ specific reports as part of the project.  One of these 
reports would be the testing results for the resistance or conductivity of the conductive 
pavement materials.  The testing specifics are in development but will likely include 
fresh “wet” testing as well as testing after a curing period.   

The primary hazards are potential shock if there is sufficient voltage on the surface 
where someone can contact it and have current through the body.  This is considered 
for when both contact points are on the conductive pavement and when one is on the 
pavement and the is off the pavement on an adjacent surface.  Part of the research 
completed by Iowa State University has determined this condition to be mitigated to a 
safe level and further evaluation will be part of the UL Solutions project.   

The other hazard is from a surface becoming excessively hot.  The level of heat 
required is only to melt snow or prevent icing, which is about 40°F per the research 
completed.  The temperature limits set in the proposed requirements are 15°C or 60°F 
which are well below the 50°C or 122°F allowed in many UL standards for contact 
without burns. 

Code sections have been included for physical location of electrodes within the 
pavement for coverage of the conductive pavement material over and under the 
electrodes.  In addition, requirements from transportation construction standards are 
provided to ensure a solid base under the pavement to mitigate ground movement.  An 
alternative is permitted where the listing allows a different base or supporting system.  
Expansion and contraction are also covered to ensure that this action does not cause 
failures of the electrodes or associated equipment.  Structures such as bridges are 
going to have natural movement and flexing and this needs to be accounted for in the 
design and installation. 

The power supply lead and all controls are to be installed in non-metallic conduit such 
as PVC or RTRC to ensure physical protection of the conductors as well as isolation of 
the conductive pavement, so the current is controlled on the proper paths.   
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All the electrical components are required to be resistant to corrosion for the 
environment at the intended installation site.  The electrodes in the design are specified 
to be a corrosion resistant stainless-steel material.  The other metal electrical raceways 
and exposed components can have typical corrosion resistant construction or have 
supplemental corrosion protection if needed by the environmental conditions.   

As provided in 426.28 today, ground fault protection is installed on all the power circuits 
to the electrodes.  The ground fault trip levels would be the same as 426.28 in the 20 to 
50 mA range.  The trip level for the listed system will be part of the listing evaluation and 
listing specification.  As with the other snow melting and deicing systems, Class A GFCI 
has a trip level such that the system would not remain in operation.   

Since the pavement itself is purposefully conductive and part of the circuit, grounding 
and bonding will need to accommodate this fact.  A means for a ground ring in the 
surrounding area where the conductive pavement is installed, similar to the 
equipotential deck for swimming pools and spas, is provided in the requirements.  The 
equipment grounding conductors would then attach to this ground ring conductor as 
there is no place to attach within the conductive pavement without affecting the proper 
operation and control of current flow.  This ring installation will provide a return path for 
any leakage from the electrically conductive pavement.  

 



Public Input No. 3741-NFPA 70-2023 [ Section No. 426.3 ]

426.3  XX  Other Articles.

Cord-and-plug-connected fixed outdoor electric deicing and snow-melting equipment shall
additionally comply with Table 426.3.

Table 426.3 Other Articles

Equipment Article

Appliances 422 (Parts I, II, III, IV, V)

Statement of Problem and Substantiation for Public Input

The requirement should be relocated for compliance with the NEC Style Manual Section 2.2.1.

Submitter Information Verification

Submitter Full Name: Derrick Atkins

Organization: Minneapolis Electrical JATC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 15:18:55 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

93 of 230 9/18/2023, 9:05 PM



Public Input No. 987-NFPA 70-2023 [ Section No. 426.3 ]

426.3  Other Articles.

Cord-and-plug-connected fixed outdoor electric deicing and snow-melting equipment shall
additionally comply with Table 426.3 .

Table 426.3 Other Articles

Equipment Article Appliances 422 (Parts I, II, III, IV, V)

the applicable appliance requirements found elsewhere in this code.

Statement of Problem and Substantiation for Public Input

Section 4.1.4 of the NEC(r) Style Manual prohibits references to entire articles other than Article 100 or 
where required for context.  As such, it is suggested to refer the user to the appliance requirements 
found elsewhere.  The index or the table of contents can easily lead the user to the article if needed.  
Pointing to all parts of an article is the same as pointing to the entire article and is prohibited 
accordingly.  

Submitter Information Verification

Submitter Full Name: Richard Holub

Organization: The DuPont Company, Inc.

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jun 08 12:17:00 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

94 of 230 9/18/2023, 9:05 PM



Public Input No. 2533-NFPA 70-2023 [ Section No. 426.51 ]

426.51  Controllers.

(A)  Temperature Controller with “Off” Position.

Temperature-controlled switching devices that indicate an “off” position and that interrupt line
current shall open all ungrounded conductors when the control device is in the “off” position.
These devices shall not be permitted to serve as the disconnecting means unless they are
capable of being locked in the open position in compliance lockable open in accordance with
110.25.

(B)  Temperature Controller Without “Off” Position.

Temperature controlled switching devices that do not have an “off” position shall not be required
to open all ungrounded conductors and shall not be permitted to serve as the disconnecting
means.

(C)  Remote Temperature Controller.

Remote controlled temperature-actuated devices shall not be required to meet the requirements
of 426.51(A). These devices shall not be permitted to serve as the disconnecting means.

(D)  Combined Switching Devices.

Switching devices consisting of combined temperature-actuated devices and manually
controlled switches that serve both as the controller and the disconnecting means shall comply
with all of the following conditions:

(1) Open all ungrounded conductors when manually placed in the “off” position

(2) Be so designed that the circuit cannot be energized automatically if the device has been
manually placed in the “off” position

(3) Be capable of being locked in the open position in compliance lockable open in
accordance with 110.25

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The NEC Style Manual Section 3.2.5 Consistent Application of 
Terms, 3.2.5.3 This Public Input is being submitted on behalf of the NEC Correlating Committee 
Usability Task Group in order to provide correlation throughout the document when a disconnecting 
means is required to be lockable open elsewhere in the code. The text is revised to comply with the 
NEC Style Manual. The NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 
Lockable Open. Where a requirement specifies that a disconnecting means be capable of being locked 
in the open position, the phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams.  

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:
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State:

Zip:

Submittal Date: Sat Aug 19 21:46:03 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

96 of 230 9/18/2023, 9:05 PM



Public Input No. 2204-NFPA 70-2023 [ Section No. 427.1 ]

427.1  Scope.

This article covers electrically energized heating systems and the installation of these systems
used with pipelines, vessels, and vessels other applications .

Informational Note: See IEEE 515-2017 , Standard for the Testing, Design, Installation
and Maintenance of Electrical Resistance Trace Heating for Industrial Applications, for
further information.

Also see applicable sections of the IEEE 844/CSA 293 series of standards for alternate
technologies for fixed electric heating equipment for pipelines and vessels.

Statement of Problem and Substantiation for Public Input

Heat trace is often used for other applications such as freeze protection at commercial and industrial 
freezer doors.   There is not a code article that applies to the safe installation and use of heat tape for 
that and other applications.  The scope needs to be expanded so there is enforceable language where 
AHJs encounter these other applications for heat trace.  These other systems often use the same 
materials as the pipe and vessel heat tracing.  

Submitter Information Verification

Submitter Full Name: Don Ganiere

Organization: none

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 14 14:34:38 EDT 2023

Committee: NEC-P17
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Public Input No. 3743-NFPA 70-2023 [ Section No. 427.3 ]

427.3  XX  Other Articles.

Cord-connected pipe heating assemblies shall additionally comply with Table 427.3.

Table 427.3 Other Articles

Equipment Article

Appliances 422 (Parts I, II, III, IV, V)

Statement of Problem and Substantiation for Public Input

The requirement should be relocated for compliance with the NEC Style Manual Section 2.2.1.

Submitter Information Verification

Submitter Full Name: Derrick Atkins

Organization: Minneapolis Electrical JATC

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 15:19:31 EDT 2023

Committee: NEC-P17
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Public Input No. 988-NFPA 70-2023 [ Section No. 427.3 ]

427.3  Other Articles.

Cord-connected pipe heating assemblies shall additionally comply with Table 427.3 .

Table 427.3 Other Articles

Equipment Article Appliances 422 (Parts I, II, III, IV, V)

the applicable appliance requirements found elsewhere in this code.

Statement of Problem and Substantiation for Public Input

Section 4.1.4 of the NEC(r) Style Manual prohibits references to entire articles other than Article 100 or 
where required for context. As such, it is suggested to refer the user to the appliance requirements 
found elsewhere. The index or the table of contents can easily lead the user to the article if needed. 
Pointing to all parts of an article is the same as pointing to the entire article and is prohibited 
accordingly. 

Submitter Information Verification

Submitter Full Name: Richard Holub
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Public Input No. 2534-NFPA 70-2023 [ Section No. 427.55(A) ]

(A)  Switch or Circuit Breaker.

Means shall be provided to simultaneously disconnect all fixed electric pipeline or vessel
heating equipment from all ungrounded conductors. The branch-circuit switch or circuit breaker,
where readily accessible to the user of the equipment, shall be permitted to serve as the
disconnecting means. The disconnecting means shall be of the indicating type and shall be
capable of being locked in the open (off) position. The disconnecting means shall be installed
lockable open in accordance with 110.25.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when a disconnecting means is required to be 
lockable open elsewhere in the code. The text is revised to comply with the NEC Style Manual. The 
NEC Style Manual Section 3.2.5 Consistent Application of Terms, 3.2.5.3 Lockable Open. Where a 
requirement specifies that a disconnecting means be capable of being locked in the open position, the 
phrase lockable open in accordance with 110.25 shall be used.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams
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Public Input No. 3620-NFPA 70-2023 [ New Article after 680 ]

Relocate Article 680 to a stand-alone Chapter XX for Bodies of Water.

Statement of Problem and Substantiation for Public Input

Consider creating a separate Chapter within the NEC to cover the requirements for “Bodies of Water” 
(Refer to National Electrical Code® Correlating Committee White Paper: “Keeping the NEC® Relevant 
– Is Now the Time to Modernize?”).

Chapter XX   Installations Associated with Bodies of Water

XX10 Swimming Pools, Fountains, and Similar Installations   (Article 680)
XX12 Natural and Artificially Made Bodies of Water  (Article 682)
XX14 Marinas, Boatyards, Floating Buildings, and Commercial and Noncommercial Docking 
Facilities  (Article 555)

Enforcement of the NEC is conducted by many disciplines that can include electrical inspectors, 
consulting engineers, building officials and fire officials. By grouping "bodies of water" in one Chapter, it 
would encourage a more robust layout that will enhance the stability and usability for the next several 
decades and beyond. 

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 3778-NFPA 70-2023 [New Article after
555]

Proposed relocation of Article
555

Public Input No. 3774-NFPA 70-2023 [New Article after
682]

Proposed relocation of Article
682

Public Input No. 3774-NFPA 70-2023 [New Article after
682]

Public Input No. 3778-NFPA 70-2023 [New Article after
555]

Submitter Information Verification
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Public Input No. 2807-NFPA 70-2023 [ New Section after 680.1 ]

680.2 Listing Requirements.

All electrical equipment covered by this article shall be listed

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when general listing requirements are covered 
within an article.  The NEC Style Manual Section 2.2.1 Parallel Numbering Required, states that 
technical committees shall use the following section numbers for the same purposes within articles. 
The listing requirements are to be located in the .2 section. 
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter, 
Chad Kennedy and David Williams. 

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 2808-NFPA 70-2023 [Section No.
680.6]

Delete and relocate to the .2
section.

Public Input No. 2808-NFPA 70-2023 [Section No.
680.6]

Submitter Information Verification
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Public Input No. 4500-NFPA 70-2023 [ Section No. 680.5(B) ]

(B)  150 Volts or Less to Ground.

Where required in this article, ground-fault protection of receptacles and outlets on branch
circuits rated 150 volts or less to ground and 60 amperes or less less single-phase , single- or
100 amperes or less 3-phase, shall be provided with a Class A GFCI.

Exception: Receptacles and outlets that are part of listed equipment with ratings not
exceeding the low-voltage contact limit that are supplied by listed transformers or power
supplies that comply with 680.23(A)(2) shall not be required to be provided with ground-fault
protection.

Informational Note: The high leg of a 120/240-volt 4-wire delta-connected system, and
the two ungrounded phases of a corner-grounded delta system have a voltage to ground
greater than 150 volts, exceeding the limit for a Class A GFCI.

Statement of Problem and Substantiation for Public Input

Equipment is now being used that is above the 60 A value currently stated in the code. GFCI devices 
are commercially available at the 100 A rating, and moving the three-phase limit to 100 A correlates to 
other parts of the code (210.8(B)). 

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4511-NFPA 70-2023 [Section No. 680.22(A)(4)]

Public Input No. 4518-NFPA 70-2023 [Section No. 680.32]

Public Input No. 4520-NFPA 70-2023 [Section No. 680.43(A)(2)]

Public Input No. 4527-NFPA 70-2023 [Section No. 680.58]

Submitter Information Verification

Submitter Full Name: Mark Pollock

Organization: Littelfuse

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 16:35:53 EDT 2023

Committee: NEC-P17
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Public Input No. 2808-NFPA 70-2023 [ Section No. 680.6 ]

680.6  Listing Requirements.

All electrical equipment covered by this article shall be listed.

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document when general listing requirements are covered 
within an article.  The NEC Style Manual Section 2.2.1 Parallel Numbering Required, states that 
technical committees shall use the following section numbers for the same purposes within articles. 
The listing requirements are to be located in the .2 section. 
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter, 
Chad Kennedy and David Williams. 

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 2807-NFPA 70-2023 [New Section after
680.1]

Delete and relocate to the .2
section

Public Input No. 2807-NFPA 70-2023 [New Section after
680.1]

Submitter Information Verification

Submitter Full Name: Dean Hunter

Organization: Minnesota Department of Labor

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 25 13:29:26 EDT 2023

Committee: NEC-P17
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Public Input No. 1944-NFPA 70-2023 [ Section No. 680.8 ]

680.8  Cord-and-Plug-Connected Equipment.

Fixed or stationary equipment, other than underwater luminaires, for a permanently installed
pool shall be permitted to be connected with a flexible cord and plug to facilitate the removal or
disconnection for maintenance or repair.

(A)  Length.

For other than storable pools, the flexible cord shall not exceed 900 mm (3 ft) in length.

(B)  Equipment Grounding.

The flexible cord shall have a copper equipment grounding conductor sized in accordance with
250.122  but not smaller than 12 AWG. The cord shall terminate in a grounding-type
attachment plug.

(C)  Construction.

The equipment grounding conductors shall be connected to a fixed metal part of the assembly.
The removable part shall be mounted on or bonded to the fixed metal part.

Cord-and-plug connected equipment shall comply with 680.7(B).

Statement of Problem and Substantiation for Public Input

This PI proposes to delete redundant language.  Section 680.7(B) has existing grounding and bonding 
requirements for cord and plug connections.  Sections 680.8(B) and (C) do not need to repeat these 
requirements.  A reference to 680.7(B) is sufficient as a reminder.   

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 08 11:37:01 EDT 2023

Committee: NEC-P17
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Public Input No. 2267-NFPA 70-2023 [ Section No. 680.8(B) ]

(B)  Equipment Grounding Conductor .

The flexible cord shall have a copper equipment grounding conductor sized in accordance with
250.122 but not smaller than 12 AWG. The cord shall terminate in a grounding-type attachment
plug.

Statement of Problem and Substantiation for Public Input

Changing the title would make the text technically correct. This requirement is about having an 
equipment grounding conductor of the wire type inside cords, not about grounding. 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 14:29:38 EDT 2023

Committee: NEC-P17
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Public Input No. 1326-NFPA 70-2023 [ Section No. 680.8 [Excluding any Sub-

Sections] ]

Fixed or stationary equipment, other than underwater luminaires, for a permanently installed
pool shall be permitted to be connected with a flexible cord and plug to facilitate the removal or
disconnection for maintenance or repair servicing .

Statement of Problem and Substantiation for Public Input

Servicing is a defined term and includes repairs.  Using a defined term adds more clarity and helps 
avoid confusion between activities that are deemed as servicing and those that are deemed as 
reconditioning.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 08 11:44:04 EDT 2023

Committee: NEC-P17
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Public Input No. 1151-NFPA 70-2023 [ Section No. 680.9(A) ]
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(A)  Power.

Overhead conductors and open overhead wiring not in a raceway shall comply with the
minimum clearances given in Table 680.9(A) and illustrated in Figure 680.9(A).

Table 680.9(A) Overhead Conductor Clearances

Clearance
Parameters

Insulated Cables,
0–750 Volts to

Ground, Supported
on and Cabled
Together with a

Solidly Grounded
Bare Messenger or
Solidly Grounded
Neutral Conductor

All Other
Conductors Voltage

to Ground

0
through

15 kV

Over 15
through

50 kV

m ft m ft m ft

A.

Clearance in any
direction to the
water level, edge of
water surface, base
of diving platform,
or permanently
anchored raft

6.9 22.5 7.5 25 8.0 27

B.

Clearance in any
direction to the
observation stand,
tower, or diving
platform

4.4 14.5 5.2 17 5.5 18

C.

Horizontal limit of
clearance
measured from
inside wall of the
pool

This limit shall extend to
The clearance requirements in this table are not
applicable beyond 3 m (10 ft) horizontally from the outer
edge of the structures listed in A and B

of this table but not less than 3 m (10 ft)
.

Figure 680.9(A) Clearances from Pool Structures.
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Statement of Problem and Substantiation for Public Input

The language of the code provided a false or misleading limit or violation by overhead conductors 
within the 10ft limit. This grey area used by FPL and contractors to limit pool size and location and 
errors by inspectors.

Submitter Information Verification

Submitter Full Name: Phil Petty

Organization: CITY OF WEST PALM BEACH

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jun 20 13:24:25 EDT 2023

Committee: NEC-P17
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Public Input No. 646-NFPA 70-2023 [ Section No. 680.10 ]

680.10  Electric Pool Water Heaters Incorporating Resistive Heating Elements and
Electrically Powered Swimming Pool Heat Pumps and Chillers .

(A)  Electric Pool Water Heaters.

All electric pool water heaters incorporating resistive heating elements shall have the heating
elements subdivided into loads not exceeding 48 amperes and protected at not over
60 amperes. The ampacity of the branch-circuit conductors and the rating or setting of
overcurrent protective devices shall be 125 percent of the total nameplate-rated load or greater.

(B)  Electrically Powered Swimming Pool Heat Pumps and Chillers.

Electrically powered swimming pool heat pumps and chillers using the circulating water system
and providing heating, cooling, or both, shall be listed and rated for their intended use. The
ampacity of the branch-circuit conductors and the rating or setting of overcurrent protective
devices shall be sized to comply with the nameplate.

Statement of Problem and Substantiation for Public Input

Subdivision (B) is already covered by 680.6 and 110.3(B).

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Apr 17 12:30:27 EDT 2023

Committee: NEC-P17
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Public Input No. 4464-NFPA 70-2023 [ Section No. 680.10(A) ]

(A)  Electric Pool Water Heaters.

(1) Resistance Elements. All electric pool water heaters incorporating resistive heating
elements shall have the heating elements subdivided into loads not exceeding 48 amperes and
protected at not over 60 amperes.

(2) Branch Circuit. The ampacity of the branch-circuit conductors and the ampere rating or
setting of overcurrent protective devices shall be 125 percent of the total nameplate-rated load
or greater.

Statement of Problem and Substantiation for Public Input

Breaking up 680.10(A) into a list item format to facilitate understanding for Code users. In accordance 
with NFPA Style Manual section 3.5.1.2 additional subdivisions shall be used where multiple 
requirements can be broken into independent requirements.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 15:56:30 EDT 2023

Committee: NEC-P17
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Public Input No. 4465-NFPA 70-2023 [ Section No. 680.10(B) ]

(B)  Electrically Powered Swimming Pool Heat Pumps and Chillers.

(1) Listing. Electrically powered swimming pool heat pumps and chillers using the circulating
water system and providing heating, cooling, or both, shall be listed and rated for their intended
use.

(2) Branch Circuit. The ampacity of the branch-circuit conductors and the ampere rating or
setting of overcurrent protective devices shall be sized to comply with the nameplate.

Statement of Problem and Substantiation for Public Input

Breaking up 680.10(B) into a list item format to facilitate understanding for Code users. In accordance 
with NFPA Style Manual section 3.5.1.2 additional subdivisions shall be used where multiple 
requirements can be broken into independent requirements.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 15:59:03 EDT 2023

Committee: NEC-P17
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Public Input No. 1459-NFPA 70-2023 [ Section No. 680.12(B) ]

(B)  Receptacles.

At least one GFCI-protected 125-volt, 15- or 20-ampere receptacle supplied from a general
purpose branch circuit shall be located within an equipment room. All other receptacles
supplied by branch circuits rated 150 volts or less to ground within an equipment room and any
receptacles supplied by a branch circuit rated 150 volts or less to ground in a vault or pit shall ,
vault, or pit shall be GFCI protected.

Statement of Problem and Substantiation for Public Input

A duplex receptacle is, by definition, always installed on a general-purpose branch circuit--even if that 
is the only thing on the circuit.
The other langauge marked for deletion is consolidated into the existing text for brevity.

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jul 17 17:21:18 EDT 2023

Committee: NEC-P17
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Public Input No. 4467-NFPA 70-2023 [ Section No. 680.12(B) ]

(B)  Receptacles.

(1) Required Receptacle. At least one GFCI-protected 125-volt, 15- or 20-ampere receptacle
supplied from a general purpose branch circuit shall be located within an equipment room.

(2) GFCI Protection. All other receptacles supplied by branch circuits rated 150 volts or less to
ground within an equipment room and any receptacles supplied by a branch circuit rated
150 volts or less to ground in a vault or pit shall be GFCI protected.

Statement of Problem and Substantiation for Public Input

Breaking up 680.12(B) into a list item format to facilitate understanding for Code users. In accordance 
with NFPA Style Manual section 3.5.1.2 additional subdivisions shall be used where multiple 
requirements can be broken into independent requirements.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 16:03:03 EDT 2023

Committee: NEC-P17
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Public Input No. 2265-NFPA 70-2023 [ Section No. 680.14(A) ]

(A)  Wiring Methods.

Wiring methods shall be suitable for use in corrosive environments. Rigid metal conduit,
intermediate metal conduit, rigid polyvinyl chloride conduit, reinforced thermosetting resin
conduit, and liquidtight flexible nonmetallic conduit shall , and liquidtight flexible metallic
conduit marked "suitable for use in swimming pool corrosive environments" shall be considered
suitable for use. Aluminum conduit and tubing shall not be permitted.

Statement of Problem and Substantiation for Public Input

LFMC is suitable for use in corrosive environments per UL 360. In addition, 680.21(A)(1) permits 
LFMC for flexible connections to pool motors and 350.10(3) permits LFMC for direct burial if listed for 
that purpose. This proposed revision will give Code users the option to use LFMC in swimming pool 
corrosive environments. 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 14:25:20 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

116 of 230 9/18/2023, 9:05 PM



Public Input No. 645-NFPA 70-2023 [ Section No. 680.14(B) ]

(B)  Other Equipment.

Other equipment shall be suitable identified for use in corrosive environments or be installed in
identified corrosion-resistant enclosures. Equipment listed for pool and spa use shall be
considered suitable for use permitted .

Statement of Problem and Substantiation for Public Input

The words "suitable" and "identified" mean the same thing (Art. 100 identified). This revision should be 
viewed as editorial.

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Apr 17 12:26:41 EDT 2023

Committee: NEC-P17
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Public Input No. 3719-NFPA 70-2023 [ Section No. 680.20 ]

680.20  General.

Electrical installations at permanently installed pools, and semi-permently installed pools shall
comply with the provisions of Part I and Part II of this article.

Statement of Problem and Substantiation for Public Input

This revision is to ensure that the semi-permanent pool type is installed to ensure minimum electrical 
safety. This type of pool has been left in limbo since the current definitions of permanent and storable 
pools end up not covering this pool type. This pool type is meant to be left in place and winterized. It 
can be moved , but it was not designed for the ease of relocation. 

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 3681-NFPA 70-2023 [New Definition
after Definition: Pool, Permanently Installe...]

New definition and newly defined
pool type added to section

Public Input No. 3695-NFPA 70-2023 [Definition: Pool,
Permanently Installed Swimming, Wading, I...]

revised definition to help clairify pool
type

Public Input No. 3700-NFPA 70-2023 [Definition: Pool,
Storable; used for Swimming, Wading, or I...]

revised definition to help clairify pool
type

Public Input No. 3710-NFPA 70-2023 [Part II.] added pool type to part II title

Submitter Information Verification

Submitter Full Name: Ronald Dalrymple

Organization: City of Schertz Texas

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 14:44:26 EDT 2023

Committee: NEC-P17
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Public Input No. 1325-NFPA 70-2023 [ Section No. 680.21(D) ]

(D)  Pool Pump Motor Replacement, Servicing and Reconditioning .

(1) Replacement

Where a pool pump motor in 680.21(C) is replaced or repaired , the replacement or repaired
pump replacement pump motor shall be provided with ground-fault protection complying with
680.5(B) or (C), as applicable.

(2) Serviced.

Where a pool pump motor in 680.21(C) is serviced, the serviced pump motor
shall be  provided with ground-fault protection complying with 680.5(B) or (C), as applicable.

(3) Reconditioned. 

Where a pool pump motor in 680.21(C) is reconditioned, the reconditioned pump motor
shall comply with 430.2 and marked in accordance with 110.21(A)(2) and be provided with
ground-fault protection complying with 680.5(B) or (C), as applicable.

Statement of Problem and Substantiation for Public Input

The 2023 edition of the National Electrical Code now clearly establishes the difference between 
servicing and reconditioning.  This public input offers a change to this section to recognize there are 
three distinct actions that can be taken:  1. Replacement, 2: Servicing and 3: Reconditioning.  
Servicing and Reconditioning are defined terms and replacement is obvious.  The definition of 
Servicing also includes repairs.  Using defined terms adds clarity and reduces confusion.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 08 11:38:02 EDT 2023

Committee: NEC-P17
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Public Input No. 1336-NFPA 70-2023 [ Section No. 680.22(A)(4) ]

(4)  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection .

All receptacles rated 125 volts through 250 volts, 60 amperes or less, located within 6.0 m
(20 ft) of the inside walls of a pool shall have GFCI protection complying with 680.5(B) or
SPGFCI protection complying with 680 . 5(C), as applicable.

Statement of Problem and Substantiation for Public Input

This language is in conflict with the definition of a SPCGFCI.  Article 100 defines the SPCGFCI as “A 
device intended for the detection of ground-fault currents, used in circuits with voltage to ground 
greater than 150 volts, that functions to de-energize a circuit or portion of a circuit within an established 
period of time when a ground-fault current exceeds the values established for Class C, D, or E 
devices. (CMP-2)”.  This section speaks specifically to receptacles rated 125 volts through 250 volts.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 08 12:17:30 EDT 2023

Committee: NEC-P17
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Public Input No. 2395-NFPA 70-2023 [ Section No. 680.22(A)(4) ]

(4)  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

All receptacles rated 125 volts through 250 volts, 60 amperes or less, located within 6.0 m
(20 ft) of the inside walls of a pool shall have GFCI protection complying with 680.5(B) or
SPGFCI protection complying with 680.5(C), as applicable.

ExcepƟon: Shore power receptacles within 6.0 m (20 Ō) of the inside walls of a pool shall comply

with 555.35(B)(1) and not require GFCI protecƟon.

Additional Proposed Changes

File Name Description Approved

680.22A3_01.png

Statement of Problem and Substantiation for Public Input

This exception will provide guidance to the authority having jurisdiction on how to inspect installations 
where shore power receptacles are within 20 feet from pools. See uploaded photo.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 16 16:32:18 EDT 2023

Committee: NEC-P17
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Public Input No. 2439-NFPA 70-2023 [ Section No. 680.22(A)(4) ]

(4)  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

All receptacles rated 125 volts through 250 volts , 60 amperes or less, located within 6.0 m
(20 ft) of the inside walls of a pool shall have GFCI protection complying with 680.5(B) or
SPGFCI protection complying with 680.5(C), as applicable.

Statement of Problem and Substantiation for Public Input

Removing ‘rated 125 volt through 250 volt’ so this requirement would apply to 480V receptacles 
located within 20 feet of pool water. This enhances electrical safety in these areas where the shock 
hazard is increased.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 11:53:34 EDT 2023

Committee: NEC-P17
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Public Input No. 4511-NFPA 70-2023 [ Section No. 680.22(A)(4) ]

(4)  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

All receptacles rated 125 volts through 250 volts, 60 amperes or less single-phase , or 100
amperes or less three-phase, located within 6.0 m (20 ft) of the inside walls of a pool shall have
GFCI protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C), as
applicable.

Statement of Problem and Substantiation for Public Input

Equipment is now being used that is above the 60 A value currently stated in the code. GFCI devices 
are commercially available at the 100 A rating, and moving the three-phase limit to 100 A correlates to 
other parts of the code such as 210.8(B).

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4500-NFPA 70-2023 [Section No. 680.5(B)]

Submitter Information Verification

Submitter Full Name: Mark Pollock

Organization: Littelfuse

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 16:42:59 EDT 2023

Committee: NEC-P17
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Public Input No. 2241-NFPA 70-2023 [ Section No. 680.22(A)(5) ]

(5)  Measurements.

In determining the dimensions in this section addressing receptacle spacings, the distance to be
measured shall be the shortest path the power- supply cord of an appliance connected to the
receptacle would follow without piercing a floor, wall, ceiling, doorway with hinged or sliding
door, window opening, or other effective permanent barrier.

Statement of Problem and Substantiation for Public Input

A power-supply cord is a defined term in Article 100. This proposed change will make the language 
technically correct based on the Article 100 definition of “power-supply cord.” Deleting ‘’doorway with 
hinged sliding door, window opening’’ to match the requirement in 210.8 on how to measure, these 
requirements should be consistent.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 13:13:07 EDT 2023

Committee: NEC-P17
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Public Input No. 2394-NFPA 70-2023 [ Section No. 680.22(B)(1) ]

(1)  New Outdoor Installation Clearances.

In outdoor pool areas, luminaires, lighting outlets, festoon lighting, and ceiling-suspended
(paddle) fans installed above the pool or the area extending 1.5 m (5 ft) horizontally from the
inside walls of the pool shall be installed at a height not less than 3.7 m (12 ft) above the
maximum water level of the pool.

Statement of Problem and Substantiation for Public Input

Festoon lighting is installed above pools very frequently. Adding festoon lighting to this requirement will 
make it clear that it is not allowed per the NEC. This proposed revision enhances electrical safety from 
shock hazards in the swimming pool area.  

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 16 16:31:15 EDT 2023

Committee: NEC-P17
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Public Input No. 1648-NFPA 70-2023 [ Section No. 680.22(B)(2) ]

(2)  Indoor Clearances.

For installations in indoor pool areas, the clearances shall be the same as for outdoor areas
unless modified as provided in this paragraph. If the branch circuit supplying the equipment is
protected by a ground-fault circuit interrupter GFCI , the following equipment shall be permitted
at a height not less than 2.3 m (7 ft 6 in.) above the maximum pool water level:

(1) Totally enclosed luminaires

(2) Ceiling-suspended (paddle) fans identified for use beneath ceiling structures such as
provided on porches or patios

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 27 16:23:24 EDT 2023

Committee: NEC-P17
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Public Input No. 1649-NFPA 70-2023 [ Section No. 680.22(B)(3) ]

(3)  Existing Installations.

Existing luminaires and lighting outlets located less than 1.5 m (5 ft) measured horizontally from
the inside walls of a pool shall be not less than 1.5 m (5 ft) above the surface of the maximum
water level, shall be rigidly attached to the existing structure, and shall be protected by a
ground-fault circuit interrupter GFCI .

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 27 16:26:02 EDT 2023

Committee: NEC-P17
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Public Input No. 4472-NFPA 70-2023 [ Section No. 680.22(B)(8) ]

(8)  Measurements.

In determining the dimensions in this section addressing luminaires, the distance to be
measured shall be the shortest path an imaginary the power-supply cord connected to the
luminaire would follow without piercing a floor, wall, ceiling, doorway with hinged or sliding
door, window opening, or other effective permanent barrier.

Statement of Problem and Substantiation for Public Input

A power-supply cord is a defined term in Article 100. This proposed change will make the language 
technically correct based on the Article 100 definition of “power-supply cord.” Deleting ‘’doorway with 
hinged sliding door, window opening’’ to match the requirement in 210.8 on how to measure, these 
requirements should be consistent. 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 16:05:47 EDT 2023

Committee: NEC-P17
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Public Input No. 1441-NFPA 70-2023 [ Section No. 680.22(D) ]

(D)  Other Outlets.

Other outlets shall be not less than 3.0 m (10 ft) from the inside walls of the pool.
Measurements shall be determined in accordance with 680.22(A)(5).

Informational Note: Other outlets may include, but hardwired utilization equipment, but
are not limited to, remote-control, signaling, fire alarm, and communications circuits.

Additional Proposed Changes

File Name Description Approved

284563822_532900028441467_122296014680546823_n.jpg

The other outlet is 
located at the 
hardwired 
utilization 
equipment 

Statement of Problem and Substantiation for Public Input

I do not agree that hardwired utilization equipment is defined as "other outlets" and applies to this 
section but the addition of the language would clarify this.

Submitter Information Verification

Submitter Full Name: William Snyder

Organization: RCC Solutions

Street Address:

City:

State:

Zip:

Submittal Date: Sun Jul 16 17:25:45 EDT 2023

Committee: NEC-P17
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Public Input No. 3210-NFPA 70-2023 [ Section No. 680.22(E) ]

(E)  Other Equipment Utilization Equipment and Appliances .

Other Utilization  equipment and appliances with ratings exceeding the low-voltage contact
limit shall be located at least 1.5 m (5 ft) horizontally from the inside walls of a pool unless
separated from the pool by a solid fence, wall, or other permanent barrier.

Statement of Problem and Substantiation for Public Input

The term ‘Other Equipment’ is vague and hard to enforce. Revising text to use defined terms 
‘Utilization Equipment’ and ‘Appliances’ to properly apply this requirement. In accordance with the NEC 
Style manual section 3.2.1. “The documents shall not contain references or requirements that use 
unenforceable or vague terms.”

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 11:27:26 EDT 2023

Committee: NEC-P17
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Public Input No. 1453-NFPA 70-2023 [ New Section after 680.23(A)(4) ]

Maximum Voltage for New underwater Luminaries 

(a) Maximum voltage for new underwater luminaries shall not exceed 30 volts.

Statement of Problem and Substantiation for Public Input

This will eliminate the shock and electrocution hazard of new underwater pool lights.

Submitter Information Verification

Submitter Full Name: Jason Scott

Organization: IES Residential

Affiliation: IEC

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jul 17 11:47:39 EDT 2023

Committee: NEC-P17
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Public Input No. 2334-NFPA 70-2023 [ Section No. 680.23(A)(4) ]

(4)  Voltage Limitation.

No luminaires shall be installed for operation on supply circuits over 150 volts between
conductors.

(5) For new underwater luminaires the maximum voltage shall not exceed 30 volts.

Statement of Problem and Substantiation for Public Input

This will eliminate the shock and electrocution hazard of new underwater pool luminaires.

Submitter Information Verification

Submitter Full Name: IEC National

Organization: IEC

Affiliation: Jason Scott IES residential

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 16 13:00:21 EDT 2023

Committee: NEC-P17
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Public Input No. 573-NFPA 70-2023 [ Section No. 680.23(A)(4) ]

(4)  Voltage Limitation.

No luminaires Luminaires shall not be installed for operation on supply circuits over
exceeding 150 volts between conductors.

Statement of Problem and Substantiation for Public Input

This is an editorial revision made to provide consistency with other requirements in the Code.

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Apr 10 13:54:53 EDT 2023

Committee: NEC-P17
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Public Input No. 1647-NFPA 70-2023 [ Section No. 680.23(B)(2) ]

(2)  Wiring Extending Directly to the Forming Shell.

Conduit shall be installed from the forming shell to a junction box or other enclosure conforming
to the requirements in 680.24. Conduit shall be rigid metal, intermediate metal, liquidtight
flexible nonmetallic, or rigid polyvinyl chloride conduit.

(a) Metal Conduit. Metal conduit shall be listed and shall be red brass or stainless steel.

Informational Note: See UL 6A, Electrical Rigid Metal Conduit - Aluminum, Red
Brass, and Stainless Steel, for information on the listing criteria for red brass and
stainless steel conduit.

(b) Nonmetallic Conduit. Where a nonmetallic conduit is used, an 8 AWG insulated solid
or stranded copper bonding jumper shall be installed in this conduit unless a listed low-voltage
lighting system not requiring grounding is used. The bonding jumper shall be terminated in the
forming shell, junction box or transformer enclosure, or ground-fault circuit-interrupter
enclosure GFCI enclosure . The termination of the 8 AWG bonding jumper in the forming shell
shall be covered with, or encapsulated in, a listed potting compound to protect the connection
from the possible deteriorating effect of pool water.

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 27 16:19:43 EDT 2023

Committee: NEC-P17
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Public Input No. 2451-NFPA 70-2023 [ Section No. 680.23(B)(6) ]

(6)  Servicing.

Wet-niche luminaires shall be removable from the water for inspection, relamping, or other
maintenance. The forming shell location and length of cord in the forming shell shall permit
personnel to place the removed luminaire on the deck or other dry location for such
maintenance. The luminaire maintenance location shall be accessible without entering or going
in the pool water.

In spa locations where wet-niche luminaires are installed low in the foot well of the spa, the
luminaire shall only be required to reach the bench location, where the spa can be drained to
make the bench location dry.

Statement of Problem and Substantiation for Public Input

Move the following spa language “In spa locations where wet-niche luminaires are installed low in the 
foot well of the spa, the luminaire shall only be required to reach the bench location, where the spa can 
be drained to make the bench location dry.” to Part IV Spas, Hot Tubs, and Permanently Installed 
Immersion Pools.  Blending spa specific requirements with other articles can result in unnecessary 
confusion and missed opportunities for full compliance.   

Submitter Information Verification

Submitter Full Name: Gary Hein

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 12:32:02 EDT 2023

Committee: NEC-P17
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Public Input No. 2269-NFPA 70-2023 [ Section No. 680.23(F)(2) ]

(2)  Equipment Grounding Conductor .

Other than listed low-voltage luminaires not requiring grounding, all through-wall lighting
assemblies, wet-niche, dry-niche, or no-niche luminaires shall be connected to an insulated
copper equipment grounding conductor installed with the circuit conductors. The equipment
grounding conductor shall be installed without joint or splice except as permitted in 680.23(F)
(2)(a) and (F)(2)(b). The equipment grounding conductor shall be sized in accordance with
250.122 but shall not be smaller than 12 AWG.

Exception: An equipment grounding conductor between the wiring chamber of the secondary
winding of a transformer and a junction box shall be sized in accordance with the transformer
secondary overcurrent protection provided.

(a) If more than one underwater luminaire is supplied by the same branch circuit, the
equipment grounding conductor, installed between the junction boxes, transformer enclosures,
or other enclosures in the supply circuit to wet-niche luminaires, or between the field-wiring
compartments of dry-niche luminaires, shall be permitted to be terminated on grounding
terminals.

(b) If the underwater luminaire is supplied from a transformer, ground-fault circuit
interrupter, clock-operated switch, or a manual snap switch that is located between the
panelboard and a junction box connected to the conduit that extends directly to the underwater
luminaire, the equipment grounding conductor shall be permitted to terminate on grounding
terminals on the transformer, ground-fault circuit interrupter, clock-operated switch enclosure, or
an outlet box used to enclose a snap switch.

Statement of Problem and Substantiation for Public Input

Changing the title would make the text technically correct. This requirement is about having an 
equipment grounding conductor of the wire type for the branch circuit wiring, not about grounding. In 
accordance with NEC style manual section 2.1.3.2 the title must be descriptive and concise with the 
intent of the requirement.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 14:32:43 EDT 2023

Committee: NEC-P17
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Public Input No. 1651-NFPA 70-2023 [ Section No. 680.24(B) [Excluding any

Sub-Sections] ]

An enclosure for a transformer, ground-fault circuit interrupter GFCI , or a similar device
connected to a conduit that extends directly to a forming shell or mounting bracket of a no-niche
luminaire shall meet the requirements of this section.

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 27 16:28:40 EDT 2023

Committee: NEC-P17
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Public Input No. 1652-NFPA 70-2023 [ Section No. 680.24(D) ]

(D)  Grounding Terminals.

Junction boxes, transformer and power-supply enclosures, and ground-fault circuit-interrupter
enclosures GFCI enclosures connected to a conduit that extends directly to a forming shell or
mounting bracket of a no-niche luminaire shall be provided with a number of grounding
terminals that shall be no fewer than one more than the number of conduit entries.

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 27 16:30:55 EDT 2023

Committee: NEC-P17
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Public Input No. 3211-NFPA 70-2023 [ Section No. 680.24(D) ]

(D)  Grounding Terminals.

(1) Number of Grounding Terminals. Junction boxes, transformer and power-supply enclosures,
and ground-fault circuit-interrupter enclosures connected to a conduit that extends directly to a
forming shell or mounting bracket of a no-niche luminaire shall be provided with a number of
grounding terminals that shall be no fewer than one more than the number of conduit entries.

(2) Connected to Panelboard Enclosure. The grounding terminals of a juncƟon box, transformer

enclosure, or other enclosure in the supply circuit to a wet‐niche or no‐niche luminaire and the field‐

wiring chamber of a dry‐niche luminaire shall be connected to the equipment grounding terminal of

the panelboard. This terminal shall be directly connected to the panelboard enclosure.

Statement of Problem and Substantiation for Public Input

Relocating 680.24(F) to 680.24(D)(2) to group these similar requirements together. Both 680.24(D) 
and (F) have requirements relating to grounding terminals, therefore this relocation will add clarity for 
Code users. Submitting another public input to delete 680.24(F). 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 11:36:00 EDT 2023

Committee: NEC-P17
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Public Input No. 1654-NFPA 70-2023 [ Section No. 680.24(E) ]

(E)  Strain Relief.

The termination of a flexible cord of an underwater luminaire within a junction box, transformer
or power-supply enclosure, ground-fault circuit interrupter GFCI , or other enclosure shall be
provided with a strain relief.

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 27 16:32:59 EDT 2023

Committee: NEC-P17
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Public Input No. 2082-NFPA 70-2023 [ Section No. 680.24(F) ]

(F)  Grounding.

The grounding terminals of a junction box, transformer enclosure, or other enclosure in the
supply circuit to a wet-niche or no-niche luminaire and the field-wiring chamber of a dry-niche
luminaire shall be connected to the equipment grounding terminal of the enclosed panelboard.
This terminal shall be directly connected to the panelboard enclosure.

Statement of Problem and Substantiation for Public Input

The term ‘panelboard’ and ‘enclosed panelboard’ are defined terms. Adding the word ‘enclosed 
panelboard’ makes the text technically correct. Note: The term ‘Enclosed Panelboard’ was added to 
NEC Article 100 during the 2023 Code cycle.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 11 15:33:15 EDT 2023

Committee: NEC-P17
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Public Input No. 3212-NFPA 70-2023 [ Section No. 680.24(F) ]

(F)  Grounding.

The grounding terminals of a junction box, transformer enclosure, or other enclosure in the
supply circuit to a wet-niche or no-niche luminaire and the field-wiring chamber of a dry-niche
luminaire shall be connected to the equipment grounding terminal of the panelboard. This
terminal shall be directly connected to the panelboard enclosure.

Statement of Problem and Substantiation for Public Input

Submitted another public input to group 680.24(D) and (F) together since both have similar 
requirements. This will add clarity to Code users.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 11:38:27 EDT 2023

Committee: NEC-P17
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Public Input No. 212-NFPA 70-2023 [ Section No. 680.26(A) ]

(A)  Performance.

The equipotential bonding required by 680.26(B)and (C) to reduce voltage gradients in the pool
area shall be installed for pools with or without associated electrical equipment related to the
pool.

Informational Note No. 1: Some causes of voltage gradients originate outside the premises
wiring system and are not within the scope of the NEC. Measures identified in Rule 097D2 of
ANSI C2, National Electrical Safety Code can also serve to address voltage gradients
originating on the utility side of the service point.

Informational Note No. 2: By its nature, equipotential bonding of swimming pools and perimeter
surfaces involves contact between various metallic materials and the earth. This can, in some
cases, expose various specific metals to a corrosive environment, depending on factors such
as the type and chemical content of the soil and the specific metal. Corrosive environments are
also addressed in 680.14.

Statement of Problem and Substantiation for Public Input

This addition of two Informational Notes to NEC 680.26(A) was approved by the Task Group 
addressing TIA 1867 for the 2023 Edition, and is submitted for consideration by CMP-17 as a 
companion to the Task Group recommendations for changes to NEC 100 (Definition of "Pool") and 
NEC 680.26(B)(2), in the event the TIA is not adopted.

The Task Group's substantiation for the change herein is as follows (including the introductory 
material) and is submitted as substantiation for this change  (copied from the TIA submission):

"This Tentative Interim Amendment (TIA) is proposed by a Task Group appointed by NFPA staff 
pursuant to the decision of the Standards Council D#22-3 on Agenda item SC#22-8-5-w-1 as voted 12 
August 2022. This decision denied the underlying appeal, but found that issues raised at the hearing 
relative to current research and loss experience required “timely analysis.” Given the “highly technical 
nature” of the subject matter, the Council directed that this Task Group be one that was “balanced” and 
that possessed the technical expertise to evaluate the relevant research. As there is considerable 
controversy over this issue, the focus was reaching common ground which would result in a practical 
compromise acceptable to the participants.

"The Task Group focused its attention on 680.26(B)(2) which covers the bonding of the surfaces that 
make up the perimeter of a swimming pool. After extensive discussion, the Task Group is
proposing a complete rewrite of this material, as well as related material within the scope of CMP 17. 
The detailed substantiation follows:

[Regarding changes to 680.26(A)] "The Task Group is also suggesting new Informational Notes in 
680.26(A) that address general performance issues. The Task Group emphasizes that the potential 
hazard in these areas results from voltage gradients in the earth that can pose unique hazards to 
persons entering or exiting a swimming pool or to persons simultaneously in contact with the perimeter 
surface and the pool water, because wet skin has substantially decreased resistance to electric 
current.

"The Task Group is aware that these gradients can originate on either side of the service point, 
including on the utility side of that point. A new informational note points to the lack of
jurisdiction of the NEC in such cases, and identifies the NESC provisions that can allow for reduction 
or elimination of such gradients from that source. A second informational note points
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to the effects that corrosive environments can have on electrical components, including bonding 
connections."

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 213-NFPA 70-2023 [Section
No. 680.26(B)(2)]

Companion submittal originally incorporated
as part of TIA.

Public Input No. 211-NFPA 70-2023 [Definition:
Pool.]

Companion submittal originally incorporated
as part of TIA.

Public Input No. 211-NFPA 70-2023 [Definition:
Pool.]

Public Input No. 213-NFPA 70-2023 [Section
No. 680.26(B)(2)]

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &; Associates, Inc

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jan 21 18:06:06 EST 2023

Committee: NEC-P17
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Public Input No. 3253-NFPA 70-2023 [ Section No. 680.26(A) ]

(A)  Performance.

The equipotential bonding required by 680.26(B) and (C) to reduce voltage gradients in the pool
area shall be installed for pools with or without associated electrical equipment related to the
pool.

Informational Note No. 1: Some causes of voltage gradients originate outside the
premises wiring system and are not within the scope of the NEC. Measures identified in
Rule 097D2 of ANSI C2, National Electrical Safety Code, can also serve to address
voltage gradients originating on the utility side of the service point.

Informational Note No. 2: By its nature, equipotential bonding of swimming pools and
perimeter surfaces involves contact between various metallic materials and the earth.
This can, in some cases, expose various specific metals to a corrosive environment,
depending on factors such as the type and chemical content of the soil and the specific
metal. Corrosive environments are also addressed in 680.14 .

Statement of Problem and Substantiation for Public Input

Delete Informational Note No. 2. It’s statement that the nature of equipotential bonding of swimming 
pools and perimeter surfaces can expose various specific metals to a corrosive environment make no 
sense and the reference to 680.14 is even more confusing. This note needs to be deleted because it 
makes a statement about corrosion when this topic (corrosion) is already address in Article 680.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 17:42:26 EDT 2023

Committee: NEC-P17
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Public Input No. 1125-NFPA 70-2023 [ Section No. 680.26(B)(1) ]

(1)  Conductive Pool Shells.

Bonding to conductive pool shells shall be provided as specified in 680.26(B)(1)(a) or (B)(1)(b).
Cast-in-place concrete, pneumatically applied or sprayed concrete, and concrete block with
painted or plastered coatings shall all be considered conductive materials due to water
permeability and porosity. Reconstructed pool shells shall also meet the requirements of this
section. Vinyl liners and fiberglass composite shells shall be considered to be nonconductive
materials and not subject to these requirements.

(a) Structural Reinforcing Steel.  Unencapsulated structural reinforcing steel shall Rebar.
Unencapsulated rebar shall be bonded together by steel tie wires or the equivalent. Where
structural reinforcing steel is rebar is encapsulated in a nonconductive compound, a copper
conductor grid shall be installed in accordance with 680.26(B)(1)(b). Metal components shall

be encased by at least 50 mm (2 in.) of concrete and shall be located within that portion of a

concrete foundation or footing that is in direct contact with the earth

(b) Copper Conductor Grid. A copper conductor grid shall be provided and shall comply
with the following:

(3) Be constructed of minimum 8 AWG bare solid copper conductors bonded to each other at
all points of crossing in accordance with 250.8  or other approved means

(4) Conform to the contour of the pool

(5) Be arranged in a 300 mm (12 in.) by 300 mm (12 in.) network of conductors in a uniformly
spaced perpendicular grid pattern with a tolerance of 100 mm (4 in.)

(6) Be secured within or under the pool no more than 150 mm (6 in.) from the outer contour of
the pool shell

Statement of Problem and Substantiation for Public Input

Replaced Structural reenforcing steel with rebar to keep consistency with other sections of this code.  
Added language from 250.52(A)(3)(1) to add clarity.  As an alternate, the code panel could replace the 
new language with the code citation.

Submitter Information Verification

Submitter Full Name: Greg Chontow

Organization: Boro of Hopatcong, NJ

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jun 19 07:02:41 EDT 2023

Committee: NEC-P17
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Public Input No. 2019-NFPA 70-2023 [ Section No. 680.26(B)(1) ]

(1)  Conductive Pool Shells.

Bonding to conductive pool shells shall be provided as specified in 680.26(B)(1)(a) or (B)(1)(b).
Cast-in-place concrete, pneumatically applied or sprayed concrete, and concrete block with
painted or plastered coatings shall all be considered conductive materials due to water
permeability and porosity. Reconstructed pool shells shall also meet the requirements of this
section. Vinyl liners and fiberglass composite shells shall be considered to be nonconductive
materials and not subject to these requirements.

(a) Structural Reinforcing Steel. Unencapsulated structural reinforcing steel shall be
bonded together by steel tie wires or the equivalent. Where structural reinforcing steel is
encapsulated in a nonconductive compound, a copper conductor grid shall be installed in
accordance with 680.26(B)(1)(b).

(b) Copper Conductor  Conductor Grid. A copper or 40% copper-clad steel conductor
grid shall be provided and shall comply with the following:

(3) Be constructed of minimum 8 AWG bare solid copper or copper-clad steel conductors
bonded to each other at all points of crossing in accordance with 250.8  or other approved
means

(4) Conform to the contour of the pool

(5) Be arranged in a 300 mm (12 in.) by 300 mm (12 in.) network of conductors in a uniformly
spaced perpendicular grid pattern with a tolerance of 100 mm (4 in.)

(6) Be secured within or under the pool no more than 150 mm (6 in.) from the outer contour of
the pool shell

Statement of Problem and Substantiation for Public Input

Please see the technical substantiation in Public Input 1102.

Submitter Information Verification
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Public Input No. 1214-NFPA 70-2023 [ New Section after 680.26(B)(2) ]

TITLE OF NEW CONTENT

Type your content here ...Bonding of the area outside the metal fence will avoid gradients from
that area to the fence. 

Statement of Problem and Substantiation for Public Input

By bonding the perimeter outside the fence it would eliminate any chance of a potential between the 
fence and the perimeter. 

Submitter Information Verification

Submitter Full Name: Lou Petrucci

Organization: [ Not Specified ]

Street Address:
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State:

Zip:
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Public Input No. 3460-NFPA 70-2023 [ New Section after 680.26(B)(2) ]

TITLE OF NEW CONTENT

Type your content here ...Structural rebar that is not encased in concrete shall not be permitted
to be extended outside of the pool concrete for equipotential bonding connections.

Statement of Problem and Substantiation for Public Input

un-protected rebar extensions outside of the concrete for equipotential bonding connections are 
subject to corrosive conditions that will compromise the performance of the equipotential bonding 
system.  A pool area is a corrosive environment per definition and this provision will protect the 
integrity of the rebar and bonding connections to rebar.  NEC 250.68 (C) (3) only allows rebar 
extensions in accessible locations that are not subject to corrosion and not exposed to the earth, this 
same requirement needs to apply to pool rebar extensions.  NEC 680.7 (C) requires all field installed 
terminals to be listed for direct burial use, direct burial connectors to an unprotected extension of rebar 
defeats the purpose. This change will allow inspectors at bonding inspections to verify bond 
connections to rebar are within the pool concrete.

Submitter Information Verification

Submitter Full Name: Michael Dempsey
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Public Input No. 1738-NFPA 70-2023 [ Section No. 680.26(B)(2) ]
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(2)  Perimeter Surfaces.
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Bonding to perimeter surfaces shall be provided as specified in 680.26(B)(2)(a) , (B)(2)(b),
(B)(2)(c), and (B)(2)(d). The perimeter surface shall include unpaved surfaces, concrete,
masonry pavers and other types of paving. The perimeter surface to be bonded shall be
considered to extend for 900 mm (3 ft 3 ft ) horizontally beyond the inside walls of the pool while
also at a height between 900 mm (3 ft 3ft ) above and 600 1200 mm (2 4 ft) below the
maximum water level. The perimeter surface shall include unpaved surfaces, concrete, and
other types of paving. Perimeter surfaces separated from the pool by a permanent wall or of
building 1.5 m (5 ft /5 m (5 ft ) in height or more shall require equipotential bonding only on the
pool side of the permanent wall or building. Bonding to perimeter surfaces shall be provided as
specified in 680.26(B)(2)(a) , (B)(2)(b), (B)(2)(c), and (B)(2)(d). or building.

For conductive pool shells where bonding to perimeter surfaces is required, it shall be attached
to the pool structural reinforcing steel or copper conductor grid at a minimum of four points
uniformly spaced around the perimeter of the pool, or if . If the bonded perimeter surface does
not surround the entire pool, it shall be attached to the pool structural reinforcing steel or
copper conductor grid at a minimum of four uniformly spaced points along the bonded perimeter
surface.

For nonconductive pool shells , where bonding to the perimeter surfaces is required, bonding
at four points shall not be required, and the . The perimeter bonding shall be attached to the 8
AWG copper equipotential bonding conductor and, if present, to any conductive support
structure for the pool.

Informational Note: Because the perimeter surface can incorporate various types of
materials at various locations and elevations above and below maximum water level, the
perimeter surface required to be bonded might not surround the entire pool. The 8 AWG
copper equipotential bonding conductor can encircle the entire pool to facilitate
connection of bonded parts.

(a) Conductive Paved Portions of Perimeter Surfaces. Conductive paved portions of
perimeter surfaces , including masonry pavers, if used, shall be bonded with one or more of the
following

(b) (1) unencapsulated structural reinforcing steel in accordance with 680.26(B)(1)1 (a), or
with

(c) (2) a copper conductor grid 

(d) (3) unencapsulated steel structural welded wire reinforcement (welded wire mesh,
welded wire fabric), bonded reinforcement bonded together by steel tie wires or the equivalent.
Steel welded wire reinforcement shall be , and fully embedded within the pavement unless the
pavement will not allow for embedding.

(e) If the reinforcing steel is absent, or is encapsulated in a nonconductive compound, or
embedding is not possible, unencapsulated welded wire steel reinforcement or a copper
conductor grid shall be provided and shall be secured directly under the paving, and not more
than 150 mm (6 in.) below finished grade.
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(f)

Unencapsulated Unencapsulated structural steel welded wire reinforcement that is not fully
embedded in concrete, and a copper conductor  grid regardless of location, where used for
equipotential bonding, shall be listed for corrosion resistance and mechanical performance. This
listing requirement shall become effective January 1, 2025. The copper conductor grid or
unencapsulated unencapsulated structural steel welded wire reinforcement shall also meet the
following:

(1) Copper grid is constructed of 8 AWG solid bare copper and arranged in accordance with
680.26(B)(1)(b)(3).

(2) Steel Structural steel welded wire reinforcement is minimum ASTM 6 × 6-W2.0 × W2.0 or
minimum No. 3 rebar constructed in a 300 mm (12 in.) grid.

(3) Copper conductor grid and structural steel welded wire reinforcement follow the contour of
the perimeter surface extending not less than 900 mm (3 ft) horizontally beyond the inside
walls of the pool.

(4) Only listed splicing devices or exothermic welding are used.

Informational Note No. 1: Performance of the equipotential bonding system at the
perimeter surface is improved as the distance between the bonding means and
finished grade is minimized, either by embedding within, or by direct contact with the
underside of, the finished pavement.

Informational Note No. 2: See ASTM A615/A615M, Standard Specification for
Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement; A1064/A1064M,
Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain
and Deformed, for Concrete; A1022/A1022M, Standard Specification for Deformed
and Plain Stainless Steel Wire and Welded Wire for Concrete Reinforcement;
A1060A/A1060M, Standard Specification for Zinc-Coated (Galvanized) Steel Welded
Wire Reinforcement, Plain and Deformed, for Concrete; and ACI Standard ACI 318,
Building Code Requirements for Structural Concrete, for examples of standards
currently used in the listing of reinforcing steel bars and steel welded wire
reinforcement.

(g) Unpaved Portions of Perimeter Surfaces. Unpaved portions of perimeter surfaces shall
be bonded with any of the following methods:

(8) Copper conductor(s) shall meet the following:

(9) At least one minimum 8 AWG bare solid copper conductor, including the 8 AWG
copper equipotential bonding conductor if available.

(10) The conductors follow the contour of the perimeter surface.

(11) Only listed splicing devices or exothermic welding are used.

(1)

a. The conductor(s) is 450 mm to 600 mm (18 in. to 24 in.) from the inside walls of the
pool.

b. The conductor(s) is under the unpaved portion of the perimeter surface 100 mm to
150 mm (4 in. to 6 in.) below finished grade.

c. Be installed only in perimeter surfaces not intended to have direct access to
swimmers in the pool.

Copper
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(1) Copper  conductor grid or

unencapsulated

(1) unencapsulated structural steel welded wire reinforcement used for equipotential
bonding of unpaved portions of perimeter surfaces shall meet the following:

(12) Be installed in accordance with 680.26(B)(2)(a) .

(13) Be located within unpaved surface(s) between 100 mm to 150 mm (4 in. to 6 in.)
below finished grade.

(n) Nonconductive Perimeter Surfaces. Equipotential bonding shall not be required for
nonconductive portions of perimeter surfaces that are separated from earth or raised on
nonconducting supports, and it .  Equipotential bonding shall not be required for any perimeter
surface that is electrically separated from the pool structure and raised on nonconductive
supports above an equipotentially bonded surface.

Informational Note: Nonconductive materials include, but are not limited to, wood,
plastic, wood-plastic composites, fiberglass, and fiberglass composites.

(o) Interconnection of Bonded Portions of Perimeter Surfaces. All surfaces where
equipotential bonding is required shall be interconnected using listed splicing devices or
exothermic welding. Where copper wire is used for this purpose, it shall be  The solid copper,
not smaller than 8 AWG . The conductor shall be permitted to encircle the pool to facilitate
bonding connections to portions of the perimeter covered in 680.26(B)(2)(a) and (B)(2)(b) that
are not contiguous.

Additional Proposed Changes

File Name Description Approved

680.26_C_re-write_all_changes_accepted.docx 680.26(B)(2) proposed revisions 

pool_perimeter_surface_different_elevations.jpg pool perimeter surface 

Statement of Problem and Substantiation for Public Input

Terra has made the proposed changes difficult to view, see the attached word doc for a clean version.  
Also, no informational notes are proposed to be revised or deleted as shown in Terra.
This PI proposes to restructure this section as well as make technical revisions:
1- the references to (B)(2)(a) through (d) are moved the the beginning of the section for clarity
2- the reference to "masonry pavers" is relocated from (B)(2)(a) to the beginning of (B)(2) and included 
in the types of paving sentence to consolidate similar information
3- multiple areas are put into a list format, and separate sentences are introduced for clarity
4- for correlation and consistency, changes are made to reference "structural reinforcing steel", "copper 
conductor grid" and "structural steel welded wire reinforcement"
5-references to "listed splicing devices" and "exothermic welding" are deleted as the parent language 
of 680.26(B) already includes a reference to 250.8 (and 680.7 if PI 1737 moves forward)
6- The perimeter surface measurement is revised to 4' below the maximum water level to protect 
persons standing on a conductive surface while also being able to put their hands and arms into a 
pool.  See the attached picture of a pool where the design makes this possible.  If there is a shock 
hazard in the perimeter surface that is even with the top of the pool and the same shock hazard is 
present at the lower surface, is there a concern for protection of the person who just left the pool and 
walked over to the lower surface?  Current requirements protect the person while in the pool in this 
scenario, but not while standing outside the pool on the lower surface. 
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(B) Bonded Parts. 

The parts specified in 680.26(B)(1) through (B)(7) shall be bonded together using 

one or more of the following 

(1) solid copper conductors, insulated, covered, or bare, not smaller than 8 

AWG, which shall not be required to be extended or aƩached to remote 

panelboards, service equipment, or electrodes 

(2) rigid metal conduit of brass or other idenƟfied corrosion‐resistant metal 

(3) structural reinforcing steel 
(4) steel structural welded wire reinforcement (welded wire mesh, welded wire 

fabric) 

ConnecƟons to bonded parts shall be made in accordance with 250.8 and 

680.7(C).  

 

 

(2) Perimeter Surfaces. 

Bonding to perimeter surfaces shall be provided as specified in 680.26(B)(2)(a), 

(B)(2)(b), (B)(2)(c), and (B)(2)(d). The perimeter surface shall include unpaved 

surfaces, concrete, masonry pavers and other types of paving. The perimeter 

surface to be bonded shall be considered to extend for 900 mm (3 Ō) horizontally 

beyond the inside walls of the pool while also at a height between 900 mm (3 Ō) 

above and 1200mm (4 Ō) below the maximum water level. Perimeter surfaces 

separated from the pool by a permanent wall or building 1.5 m (5 Ō) in height or 

more shall require equipotenƟal bonding only on the pool side of the permanent 

wall or building.  

For conducƟve pool shells where bonding to perimeter surfaces is required, it 

shall be aƩached to the pool structural reinforcing steel or copper conductor grid 

at a minimum of four points uniformly spaced around the perimeter of the pool, If 

the bonded perimeter surface does not surround the enƟre pool, it shall be 

aƩached to the pool structural reinforcing steel or copper conductor grid at a 

minimum of four uniformly spaced points along the bonded perimeter surface.  



For nonconducƟve pool shells, bonding at four points shall not be required. The 

perimeter bonding shall be aƩached to the 8 AWG copper equipotenƟal bonding 

conductor and, if present, to any conducƟve support structure for the pool. 

 

InformaƟonal Note: Because the perimeter surface can incorporate various types 

of materials at various locaƟons and elevaƟons above and below maximum water 

level, the perimeter surface required to be bonded might not surround the enƟre 

pool. The 8 AWG copper equipotenƟal bonding conductor can encircle the enƟre 

pool to facilitate connecƟon of bonded parts. 

 

(a) ConducƟve Paved PorƟons of Perimeter Surfaces. ConducƟve paved 

porƟons of perimeter surfaces shall be bonded with one or more of the 

following 

(1) unencapsulated structural reinforcing steel in accordance with 

680.26(B)(1)(a),  

           (2) a copper conductor grid,  

(3)  unencapsulated steel structural welded wire reinforcement bonded   

together by steel Ɵe wires or the equivalent, and fully embedded within the 

pavement unless the pavement will not allow for embedding .  

 

If the structural reinforcing steel is absent, or is encapsulated in a nonconducƟve 

compound, or embedding is not possible, unencapsulated welded wire steel 

reinforcement or a copper conductor grid shall be provided and shall be secured 

directly under the paving, and not more than 150 mm (6 in.) below finished grade. 

Unencapsulated structural steel welded wire reinforcement that is not fully 

embedded in concrete, and a copper conductor grid regardless of locaƟon, where 

used for equipotenƟal bonding, shall be listed for corrosion resistance and 

mechanical performance. This lisƟng requirement shall become effecƟve January 

1, 2025. The copper conductor grid or unencapsulated structural steel welded 

wire reinforcement shall also meet the following: 



(1) Copper conductor grid is constructed of 8 AWG solid bare copper and arranged 

in accordance with 680.26(B)(1)(b)(3). 

(2) Structural steel welded wire reinforcement is minimum ASTM 6 × 6‐W2.0 × 

W2.0 or minimum No. 3 rebar constructed in a 300 mm (12 in.) grid. 

(3) Copper conductor grid and structural steel welded wire reinforcement follow 

the contour of the perimeter surface extending not less than 900 mm (3 Ō) 

horizontally beyond the inside walls of the pool. 

 

InformaƟonal Note No. 1: Performance of the equipotenƟal bonding system at the 

perimeter surface is improved as the distance between the bonding means and 

finished grade is minimized, either by embedding within, or by direct contact with 

the underside of, the finished pavement. 

InformaƟonal Note No. 2: See ASTM A615/A615M, Standard SpecificaƟon for 

Deformed and Plain Carbon‐Steel Bars for Concrete Reinforcement; 

A1064/A1064M, Standard SpecificaƟon for Carbon‐Steel Wire and Welded Wire 

Reinforcement, Plain and Deformed, for Concrete; A1022/A1022M, Standard 

SpecificaƟon for Deformed and Plain Stainless Steel Wire and Welded Wire for 

Concrete Reinforcement; A1060A/A1060M, Standard SpecificaƟon for Zinc‐Coated 

(Galvanized) Steel Welded Wire Reinforcement, Plain and Deformed, for Concrete; 

and ACI Standard ACI 318, Building Code Requirements for Structural Concrete, for 

examples of standards currently used in the lisƟng of reinforcing steel bars and 

steel welded wire reinforcement. 

 

 

(b) Unpaved PorƟons of Perimeter Surfaces. Unpaved porƟons of perimeter 

surfaces shall be bonded with any of the following methods: 

(1) Copper conductor(s) shall meet the following: 

(a) At least one minimum 8 AWG bare solid copper conductor, including the 8 

AWG copper equipotenƟal bonding conductor if available. 

(b) The conductors follow the contour of the perimeter surface. 



(c) The conductor(s) is 450 mm to 600 mm (18 in. to 24 in.) from the inside 

walls of the pool. 

(d) The conductor(s) is under the unpaved porƟon of the perimeter surface 100 

mm to 150 mm (4 in. to 6 in.) below finished grade. 

(e) Be installed only in perimeter surfaces not intended to have direct access to 

swimmers in the pool. 

 

 

 

 

(2) Copper conductor grid or unencapsulated structural steel welded wire 

reinforcement used for equipotenƟal bonding of unpaved porƟons of perimeter 

surfaces shall meet the following: 

 

(a) Be installed in accordance with 680.26(B)(2)(a). 
(b) Be located within unpaved surface(s) between 100 mm to 150 mm (4 in. 

to 6 in.) below finished grade. 

(c) NonconducƟve Perimeter Surfaces. EquipotenƟal bonding shall not be 

required for nonconducƟve porƟons of perimeter surfaces that are 

separated from earth or raised on nonconducƟng supports. 

EquipotenƟal bonding shall not be required for any perimeter surface 

that is electrically separated from the pool structure and raised on 

nonconducƟve supports above an equipotenƟally bonded surface. 

InformaƟonal Note: NonconducƟve materials include, but are not limited to, 

wood, plasƟc, wood‐plasƟc composites, fiberglass, and fiberglass composites. 

 

(d) InterconnecƟon of Bonded PorƟons of Perimeter Surfaces. The solid 

copper, not smaller than 8 AWG conductor shall be permiƩed to encircle 

the pool to facilitate bonding connecƟons to porƟons of the perimeter 

covered in 680.26(B)(2)(a) and (B)(2)(b) that are not conƟguous 





Public Input No. 1916-NFPA 70-2023 [ Section No. 680.26(B)(2) ]
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(2)  Perimeter Surfaces.
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The perimeter surface to be bonded shall be considered to extend for 900 mm (3 ft) horizontally
beyond the inside walls of the pool while also at a height between 900 mm (3 ft) above and 600
mm (2 ft) below the maximum water level. The perimeter surface shall include unpaved
surfaces, concrete, and other types of paving. Perimeter surfaces separated from the pool by a
permanent wall or building 1.5 m (5 ft) in height or more shall require equipotential bonding only
on the pool side of the permanent wall or building. Bonding to perimeter surfaces shall be
provided as specified in 680.26(B)(2)(a), (B)(2)(b), (B)(2)(c), and (B)(2)(d). For conductive pool
shells where bonding to perimeter surfaces is required, it shall be attached to the pool
reinforcing steel or copper conductor grid at a minimum of four points uniformly spaced around
the perimeter of the pool, or if the bonded perimeter surface does not surround the entire pool, it
shall be attached to the pool reinforcing steel or copper conductor grid at a minimum of four
uniformly spaced points along the bonded perimeter surface. For nonconductive pool shells,
where bonding to the perimeter surfaces is required, bonding at four points shall not be
required, and the perimeter bonding shall be attached to the 8 AWG copper equipotential
bonding conductor and, if present, to any conductive support structure for the pool.

Informational Note: Because the perimeter surface can incorporate various types of
materials at various locations and elevations above and below maximum water level, the
perimeter surface required to be bonded might not surround the entire pool. The 8 AWG
copper equipotential bonding conductor can encircle the entire pool to facilitate
connection of bonded parts.
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(a) Conductive Paved Portions of Perimeter Surfaces. Conductive paved portions of
perimeter surfaces, including masonry pavers, if used, shall be bonded with unencapsulated
structural reinforcing steel in accordance with 680.26(B)(1)(a), or with unencapsulated steel
structural welded wire reinforcement (welded wire mesh, welded wire fabric), bonded together
by steel tie wires or the equivalent. Steel welded wire reinforcement shall be fully embedded
within the pavement unless the pavement will not allow for embedding. If the reinforcing steel is
absent, or is encapsulated in a nonconductive compound, or embedding is not possible,
unencapsulated welded wire steel reinforcement or a copper conductor grid shall be provided
and shall be secured directly under the paving, and not more than 150 mm (6 in.) below finished
grade.

Unencapsulated steel welded wire reinforcement that is not fully embedded in concrete ,
and copper grid regardless of location, where used for equipotential bonding, shall be listed for
corrosion resistance and mechanical performance. This listing requirement shall become
effective January 1, 2025. The copper grid or unencapsulated steel welded wire reinforcement
shall also meet the following:

(1) Copper grid is constructed of 8 AWG solid bare copper and arranged in accordance with
680.26(B)(1)(b)(3).

(2) Steel welded wire reinforcement is minimum ASTM 6 × 6-W2.0 × W2.0 or minimum No. 3
rebar constructed in a 300 mm (12 in.) grid.

(3) Copper grid and steel welded wire reinforcement follow the contour of the perimeter surface
extending not less than 900 mm (3 ft) horizontally beyond the inside walls of the pool.

(4) Only listed splicing devices or exothermic welding are used.

Informational Note No. 1: Performance of the equipotential bonding system at the
perimeter surface is improved as the distance between the bonding means and
finished grade is minimized, either by embedding within, or by direct contact with the
underside of, the finished pavement.

Informational Note No. 2: See ASTM A615/A615M, Standard Specification for
Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement; A1064/A1064M,
Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain
and Deformed, for Concrete; A1022/A1022M, Standard Specification for Deformed
and Plain Stainless Steel Wire and Welded Wire for Concrete Reinforcement;
A1060A/A1060M, Standard Specification for Zinc-Coated (Galvanized) Steel Welded
Wire Reinforcement, Plain and Deformed, for Concrete; and ACI Standard ACI 318,
Building Code Requirements for Structural Concrete, for examples of standards
currently used in the listing of reinforcing steel bars and steel welded wire
reinforcement.
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(b) Unpaved Portions of Perimeter Surfaces. Unpaved portions of perimeter surfaces shall
be bonded with any of the following methods:

(3) Copper conductor(s) shall meet the following:

(4) At least one minimum 8 AWG bare solid copper conductor, including the 8 AWG
copper equipotential bonding conductor if available.

(5) The conductors follow the contour of the perimeter surface.

(6) Only listed splicing devices or exothermic welding are used.

(7) The conductor(s) is 450 mm to 600 mm (18 in. to 24 in.) from the inside walls of the
pool.

(8) The conductor(s) is under the unpaved portion of the perimeter surface 100 mm to 150
mm (4 in. to 6 in.) below finished grade.

(9) Be installed only in perimeter surfaces not intended to have direct access to swimmers
in the pool.

(10) Copper grid or unencapsulated steel welded wire reinforcement used for equipotential
bonding of unpaved portions of perimeter surfaces shall meet the following:

(11) Be installed in accordance with 680.26(B)(2)(a) .

(12) Be located within unpaved surface(s) between 100 mm to 150 mm (4 in. to 6 in.) below
finished grade.

(m) Nonconductive Perimeter Surfaces. Equipotential bonding shall not be required for
nonconductive portions of perimeter surfaces that are separated from earth or raised on
nonconducting supports, and it shall not be required for any perimeter surface that is electrically
separated from the pool structure and raised on nonconductive supports above an
equipotentially bonded surface.

Informational Note: Nonconductive materials include, but are not limited to, wood,
plastic, wood-plastic composites, fiberglass, and fiberglass composites.

(n) Interconnection of Bonded Portions of Perimeter Surfaces. All surfaces where
equipotential bonding is required shall be interconnected using listed splicing devices or
exothermic welding. Where copper wire is used for this purpose, it shall be solid copper, not
smaller than 8 AWG. The conductor shall be permitted to encircle the pool to facilitate bonding
connections to portions of the perimeter covered in 680.26(B)(2)(a) and (B)(2)(b) that are not
contiguous.

Statement of Problem and Substantiation for Public Input

The deleted language, "and copper grid regardless of location", acts to prohibit the field construction of 
a copper bonding grid as a field constructed grid would not be a listed product. 680.26(B)(2)(a)(1) 
references 680.26(B)(1)(b) that permits the field construction of the grid.  The pool shell copper grid in 
680.26(B)(1)(b) does not contain this listing requirement.  

Note, even though terraview shows otherwise, the only change made by this PI is to the language in 
the second paragraph of the parent text of 680.28(B)(2)(a), 
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Public Input No. 2020-NFPA 70-2023 [ Section No. 680.26(B)(2) ]
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(2)  Perimeter Surfaces.
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The perimeter surface to be bonded shall be considered to extend for 900 mm (3 ft) horizontally
beyond the inside walls of the pool while also at a height between 900 mm (3 ft) above and 600
mm (2 ft) below the maximum water level. The perimeter surface shall include unpaved
surfaces, concrete, and other types of paving. Perimeter surfaces separated from the pool by a
permanent wall or building 1.5 m (5 ft) in height or more shall require equipotential bonding only
on the pool side of the permanent wall or building. Bonding to perimeter surfaces shall be
provided as specified in 680.26(B)(2)(a), (B)(2)(b), (B)(2)(c), and (B)(2)(d). For conductive pool
shells where bonding to perimeter surfaces is required, it shall be attached to the pool
reinforcing steel or copper conductor grid at a minimum of four points uniformly spaced around
the perimeter of the pool, or if the bonded perimeter surface does not surround the entire pool, it
shall be attached to the pool reinforcing steel or copper or 40% copper-clad steel conductor
grid at a minimum of four uniformly spaced points along the bonded perimeter surface. For
nonconductive pool shells, where bonding to the perimeter surfaces is required, bonding at four
points shall not be required, and the perimeter bonding shall be attached to the 8 AWG copper
or 40% copper-clad steel equipotential bonding conductor and, if present, to any conductive
support structure for the pool.

Informational Note: Because the perimeter surface can incorporate various types of
materials at various locations and elevations above and below maximum water level, the
perimeter surface required to be bonded might not surround the entire pool. The 8 AWG
copper or 40% copper-clad steel equipotential bonding conductor can encircle the entire
pool to facilitate connection of bonded parts.
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(a) Conductive Paved Portions of Perimeter Surfaces. Conductive paved portions of
perimeter surfaces, including masonry pavers, if used, shall be bonded with unencapsulated
structural reinforcing steel in accordance with 680.26(B)(1)(a), or with unencapsulated steel
structural welded wire reinforcement (welded wire mesh, welded wire fabric), bonded together
by steel tie wires or the equivalent. Steel welded wire reinforcement shall be fully embedded
within the pavement unless the pavement will not allow for embedding. If the reinforcing steel is
absent, or is encapsulated in a nonconductive compound, or embedding is not possible,
unencapsulated welded wire steel reinforcement or a copper or 40% copper-clad steel
conductor grid shall be provided and shall be secured directly under the paving, and not more
than 150 mm (6 in.) below finished grade.

Unencapsulated steel welded wire reinforcement that is not fully embedded in concrete, and
copper or 40% copper-clad steel grid regardless of location, where used for equipotential
bonding, shall be listed for corrosion resistance and mechanical performance. This listing
requirement shall become effective January 1, 2025. The copper or 40% copper-clad steel grid
or unencapsulated steel welded wire reinforcement shall also meet the following:

(1) Copper The grid is constructed of 8 AWG solid bare copper or 40% copper-clad steel and
arranged in accordance with 680.26(B)(1)(b)(3).

(2) Steel welded wire reinforcement is minimum ASTM 6 × 6-W2.0 × W2.0 or minimum No. 3
rebar constructed in a 300 mm (12 in.) grid.

(3) Copper The grid and steel welded wire reinforcement follow the contour of the perimeter
surface extending not less than 900 mm (3 ft) horizontally beyond the inside walls of the
pool.

(4) Only listed splicing devices or exothermic welding are used.

Informational Note No. 1: Performance of the equipotential bonding system at the
perimeter surface is improved as the distance between the bonding means and
finished grade is minimized, either by embedding within, or by direct contact with the
underside of, the finished pavement.

Informational Note No. 2: See ASTM A615/A615M, Standard Specification for
Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement; A1064/A1064M,
Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain
and Deformed, for Concrete; A1022/A1022M, Standard Specification for Deformed
and Plain Stainless Steel Wire and Welded Wire for Concrete Reinforcement;
A1060A/A1060M, Standard Specification for Zinc-Coated (Galvanized) Steel Welded
Wire Reinforcement, Plain and Deformed, for Concrete; and ACI Standard ACI 318,
Building Code Requirements for Structural Concrete, for examples of standards
currently used in the listing of reinforcing steel bars and steel welded wire
reinforcement.
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(b) Unpaved Portions of Perimeter Surfaces. Unpaved portions of perimeter surfaces shall
be bonded with any of the following methods:

(3) Copper conductor(s) shall meet the following:

(4) At least one minimum 8 AWG bare solid copper

conductor

(1)

a. or 40% copper-clad steel conductor , including the 8 AWG copper or 40% copper-clad
steel equipotential bonding conductor if available.

b. The conductors follow the contour of the perimeter surface.

c. Only listed splicing devices or exothermic welding are used.

d. The conductor(s) is 450 mm to 600 mm (18 in. to 24 in.) from the inside walls of the
pool.

e. The conductor(s) is under the unpaved portion of the perimeter surface 100 mm to 150
mm (4 in. to 6 in.) below finished grade.

f. Be installed only in perimeter surfaces not intended to have direct access to swimmers
in the pool.

Copper

(1) The grid or unencapsulated steel welded wire reinforcement used for equipotential bonding
of unpaved portions of perimeter surfaces shall meet the following:

(5) Be installed in accordance with 680.26(B)(2)(a) .

(6) Be located within unpaved surface(s) between 100 mm to 150 mm (4 in. to 6 in.) below
finished grade.

(g) Nonconductive Perimeter Surfaces. Equipotential bonding shall not be required for
nonconductive portions of perimeter surfaces that are separated from earth or raised on
nonconducting supports, and it shall not be required for any perimeter surface that is electrically
separated from the pool structure and raised on nonconductive supports above an
equipotentially bonded surface.

Informational Note: Nonconductive materials include, but are not limited to, wood,
plastic, wood-plastic composites, fiberglass, and fiberglass composites.

(h) Interconnection of Bonded Portions of Perimeter Surfaces. All surfaces where
equipotential bonding is required shall be interconnected using listed splicing devices or
exothermic welding. Where copper or 40% copper-clad steel wire is used for this purpose, it
shall be solid copper , not smaller than 8 AWG. The conductor shall be permitted to encircle the
pool to facilitate bonding connections to portions of the perimeter covered in 680.26(B)(2)(a) and
(B)(2)(b) that are not contiguous.

Statement of Problem and Substantiation for Public Input

See Substantiation for PI 1102.
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Public Input No. 213-NFPA 70-2023 [ Section No. 680.26(B)(2) ]
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Replace all text in 680.26 ( 2)  B)(2) with the following replacement text (copied from the TIA
submission except the effective date for listing was changed to reflect inclusion in the 2026
Edition rather than the 2023 Edition):

(2) Perimeter Surfaces . The perimeter surface to be bonded shall be considered to extend
for

1 m

900 mm (

3 ft

3 ft ) horizontally beyond the inside walls of the pool while also at a height between 900 mm (3
ft) above and 600 mm (2 ft) below the maximum water level. The perimeter surface shall
include unpaved surfaces , concrete, and other types of paving. Perimeter surfaces separated
from the pool by a permanent wall or building 1.

5 m

5 m (

5 ft

5 ft ) in height or more shall require equipotential bonding only on the pool side of the
permanent wall or building. Bonding to perimeter surfaces shall be provided as specified in
680.26(B)(2)(a) , (B)(2)(b),

or

(B)(2)(c) , and (B)(2)(d). For conductive pool shells where bonding to perimeter surfaces is
required, it shall be attached to the pool reinforcing steel or copper conductor grid at a
minimum of four points uniformly spaced around the perimeter of the pool , or if the bonded
perimeter surface does not surround the entire pool, it shall be attached to the pool reinforcing
steel or copper conductor grid at a minimum of four uniformly spaced points along the bonded
perimeter surface . For nonconductive pool shells where bonding to the perimeter surfaces is
required , bonding at four points shall not be required

. Structural Reinforcing Steel.  Structural reinforcing steel shall be bonded

, and the perimeter bonding shall be attached to the 8 AWG copper equipotential bonding
conductor and, if present, to any conductive support structure for the pool.

Informational Note: Because the perimeter surface can incorporate various types of materials
at various locations and elevations above and below maximum water level, the perimeter
surface required to be bonded might not surround the entire pool. The 8 AWG copper
equipotential bonding conductor can encircle the entire pool to facilitate connection of bonded
parts.

(a) Conductive Paved Portions of Perimeter Surfaces . Conductive paved portions of perimeter
surfaces, including masonry pavers, if used, shall be bonded with unencapsulated structural
reinforcing steel in accordance with 680.26(B)(1)(a)

. Copper Ring.  Where structural reinforcing steel is not available

, or with unencapsulated steel structural welded wire reinforcement (welded wire mesh, welded
wire fabric), bonded together by steel tie wires or the equivalent. Steel welded wire
reinforcement shall be fully embedded within the pavement unless the pavement will not allow
for embedding. If the reinforcing steel is absent, or is encapsulated in a nonconductive
compound, or embedding is not possible, unencapsulated welded wire steel reinforcement or
a copper conductor

(s) shall be utilized where the following requirements are met:

At least one minimum 8 AWG bare solid copper conductor shall be provided.
The conductors shall

grid shall be provided and shall be secured directly under the paving, and not more than 150
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mm (6 in.) below finished grade. Unencapsulated steel welded wire reinforcement that is not
fully embedded in concrete, and copper grid regardless of location, where used for
equipotential bonding, shall be listed for corrosion resistance and mechanical performance.
This listing requirement shall become effective January 1, 2027. The copper grid or
unencapsulated steel welded wire reinforcement shall also meet the following:

(1) Copper grid is constructed of 8 AWG solid bare copper and arranged in accordance with
680.26(B)(1)(b)(3).

(2) Steel welded wire reinforcement is minimum ASTM 6x6-W2.0 x W2.0 or minimum No. 3
rebar constructed in a 300 mm (12 in.) grid.

(3) Copper grid and steel welded wire reinforcement follow the contour of the perimeter
surface extending not less than 900 mm (3 ft) horizontally beyond the inside walls of the pool.

(4) Only listed splicing devices or exothermic welding are used.

Informational Note No. 1: Performance of the equipotential bonding system at the perimeter
surface is improved as the distance between the bonding means and finished grade is
minimized, either by embedding within, or by direct contact with the underside of, the finished
pavement.

Informational Note No. 2: See ASTM A615/A615M, Standard Specification for Deformed and
Plain Carbon-Steel Bars for Concrete Reinforcement ; A1064/A1064M Standard Specification
for Carbon-Steel Wire and Welded Wire Reinforcement, Plain and Deformed, for Concrete ;
A1022/A1022M Standard Specification for Deformed and Plain Stainless Steel Wire and
Welded Wire for Concrete Reinforcement ; A1060A/A1060M, Standard

Specification for Zinc-Coated (Galvanized) Steel Welded Wire Reinforcement, Plain and
Deformed, for Concrete ; and ACI Standard ACI 318, Building Code Requirements for
Structural Concrete , for examples of standards currently used in the listing of reinforcing steel
bars and steel welded wire reinforcement.

(b) Unpaved Portions of Perimeter Surfaces . Unpaved portions of perimeter surfaces shall be
bonded with any of the following methods:

(1) Copper conductor(s) shall meet the following:

a. At least one minimum 8 AWG bare solid copper conductor, including the 8 AWG copper
equipotential bonding conductor if available.

b. The conductors follow the contour of the perimeter surface.

c. Only listed splicing devices or exothermic welding

shall be permitted

are used .

d. The

required conductor shall be 450 mm to 600 mm (18 in. to 24 in

conductor(s) is 450 mm to 600 mm (18 in. to 24 in .) from the inside walls of the pool.

e. The

required conductor shall be secured within or under the

conductor(s) is under the unpaved portion of the perimeter surface 100 mm to 150 mm (4 in.
to 6 in.) below the
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subgrade

finished grade .

Copper Grid . Where structural reinforcing steel is not available or is encapsulated in a
nonconductive compound, copper grid shall be utilized where the following requirements are
met:The copper grid shall be constructed of 8 AWG solid bare copper and be arranged

f. Be installed only in perimeter surfaces not intended to have direct access to swimmers in
the pool.

(2) Copper grid or unencapsulated steel welded wire reinforcement used for equipotential
bonding of unpaved portions of perimeter surfaces shall meet the following:

a. Be installed in accordance with 680.26(B)(

1

2 )( a).

b . Be located within the unpaved surface(s )

(3).

The copper grid shall follow the contour of the perimeter surface extending 1 m (3 ft)
horizontally beyond the inside walls of the pool.
Only

between 100 mm to 150 mm (4 in. to 6 in.) below the finished grade.

(c) N onconductive Perimeter Surfaces . Equipotential bonding shall not be required for
nonconductive portions of perimeter surfaces that are separated from earth or raised on
nonconducting supports, and it shall not be required for any perimeter surface that is
electrically separated from the pool structure and raised on nonconductive supports above an
equipotentially bonded surface.

Informational Note: Nonconductive materials include, but are not limited to, wood, plastic,
wood-plastic composites, fiberglass, and fiberglass composites.

(d) Interconnection of Bonded Portions of Perimeter Surfaces . All surfaces where
equipotential bonding is required shall be interconnected using listed splicing devices or
exothermic welding

shall be permitted.The copper grid shall be secured within or under the deck or unpaved
surfaces between 100 mm to 150 mm (4 in. to 6 in.) below the subgrade

. Where copper wire is used for this purpose, it shall be solid copper, not smaller than 8 AWG.
The conductor shall be permitted to encircle the pool to facilitate bonding connections to
portions of the perimeter covered in 680.26(B)(2)(a) and (B)(2)(b) that are not contiguous .

Statement of Problem and Substantiation for Public Input

This change in NEC 680.26(B)(2) was approved by the Task Group addressing TIA 1867 for the 2023 
Edition, and is submitted for consideration by CMP-17 as a companion to the Task Group 
recommendations for changes to NEC100 (definition of "Pool") and NEC 680.26(A), in the event the 
TIA is not adopted.

The Task Group's substantiation for the change herein is as follows (including the introductory 
material) and is submitted as substantiation for this change:

"This Tentative Interim Amendment (TIA) is proposed by a Task Group appointed by NFPA staff 
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pursuant to the decision of the Standards Council D#22-3 on Agenda item SC#22-8-5-w-1 as voted 12 
August 2022. This decision denied the underlying appeal, but found that issues raised at the hearing 
relative to current research and loss experience required “timely analysis.” Given the “highly technical 
nature” of the subject matter, the Council directed that this Task Group be one that was “balanced” and 
that possessed the technical expertise to evaluate the relevant research. As there is considerable 
controversy over this issue, the focus was reaching common ground which would result in a practical 
compromise acceptable to the participants.

"The Task Group focused its attention on 680.26(B)(2) which covers the bonding of the surfaces that 
make up the perimeter of a swimming pool. After extensive discussion, the Task Group is
proposing a complete rewrite of this material, as well as related material within the scope of CMP 17. 
The detailed substantiation follows:

[Regarding changes to 680.26(B)(2)] "The remainder of the TIA addresses 680.26(B)(2) on “Perimeter 
Surfaces.” This location was the focus of the Standards Council appeal, and it involved the most 
extensive discussions. The mandatory horizontal reach of these requirements, 900mm (3 ft), is 
unchanged. The task group discussed at length increasing this distance to 5 ft , and decided against 
changing the mandatory limit; however, the task group did agree to change the wording to “not less 
than” to emphasize that the distance specified is not an upper limit, only the lower limit. It is important 
to recognize that any horizontal measurement extends an island of stable voltage in a potential sea of 
gradients. Addressing these could logically require extending the size of the island to encompass the 
entire parcel of land, and that clearly would be impractical. The 3-ft parameter addresses the 
enhanced exposure presented to swimmers entering or exiting a pool or to persons simultaneously in 
contact with the perimeter surface and the pool water.

"There is also a height parameter added that limits the reach to surfaces within 900mm (3 ft) above the 
maximum water level and not over 600 mm (2 ft) below this level. The vertical limit
excludes surfaces that are out of reach of a swimmer (3 ft vertical reach from within the pool, or what 
would end up being a reach across a pool wall and then 2 ft down to grade) and also
excludes aboveground pools that do not present a walk-off exposure. These were also excluded in the 
public comment that put the appeal in motion. The 2 ft measurement also prevents
someone from making the distinction with a pool that is really an inground pool with a minor upward 
extension from grade.

"Nonconductive pool shells continue to omit the four-corner bonding connection rule as such 
connections are impossible. However, there will be other more enhanced requirements in place.
Any perimeter surfaces that are included elsewhere in a bonding requirement must meet that 
requirement, with the bonding to include a connection to an 8 AWG solid conductor that will
also make a connection to the water and any other bonded surfaces. It will also be connected to any 
conductive support structure for the pool. The surrounding perimeter surfaces incorporate a
bonding requirement, and the wording here assures that such bonding includes other relevant parts of 
the pool and the immediately surrounding perimeter locations.

"A new informational note follows at this point that describes the principal remaining utility of the single 
wire bonding connection, and that is to interconnect noncontiguous portions of a pool
that has stranded perimeter surfaces with intervening spaces that do not present an exposure hazard 
from voltage gradients. A good example would be a pool with one wall that is on the edge
of a steep incline, one that precludes any entrance or exit from the pool from that side. The remainder 
of the section is completely rewritten with four third level subdivisions [(a), (b), (c),
and (d). The first [(a)] one covers conductive paved portions of perimeter surfaces. The word 
“conductive” in this case correlates with the use of equivalent terminology in 680.26(B)(1), and
thereby includes cast-in-place concrete, pneumatically applied or sprayed concrete, and concrete 
block with painted or plastered coatings, and it recognizes the increased conductivity resulting the 
proximity of water and the resulting permeability and porosity. The topic sentence also expressly 
includes masonry pavers in this category.

"The language includes prescriptive requirements on the reinforcing used in these surfaces, which 
where used must comply with equivalent reinforcing applications for the pool itself in
680.26(B)(1)(a), or apply welded wire mesh. The mesh must be chaired up so as to be completely 
embedded within the concrete placement. The text does allow for the use of fiber
reinforcement which precludes embedded conductive reinforcement. In such cases the grid must be 
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positioned below the concrete, but no more than 6 in. below finished grade. The “finished
grade” parameter was supposed to have been included in the 2023 NEC, but its inclusion was a 
casualty of the Standards Council action to revert to previous edition text; it is now being
restored. A new informational note follows, explaining the effects of locating the bonding elements as 
close to the surface as possible.

"Also included are requirements for grids for equipotential bonding. Steel and copper show up 
together, now with the same requirements, and the grade reference is corrected from the former
“subgrade” to the intended “finished grade” The equivalence between steel and copper is intended, 
because a new requirement is added for a listing on this equipment with an appropriate
delayed effective date [adjusted in this PI to reflect that this PI addresses the 2026 Edition and not the 
2023 Edition]. The listing requirement would not apply to fully embedded steel reinforcing because it is 
already subject to testing and identification under applicable standards which address corrosion and 
mechanical performance, including for full embedding in concrete, and because years of experience 
has shown that where fully embedded, traditional reinforcing members which meet the applicable 
standards retain their integrity. A new informational note here provides comprehensive background 
information on ASTM recognized classifications for reinforcing steel as could be applied (contingent on 
a listing) in these applications.

"The next third level subdivision [(b)] covers unpaved perimeter surfaces, leading off, in (1), with the 
single bare 8 AWG conductor. The first five list items are unchanged from the 2023 NEC,
and are not in themselves controversial. Regarding the sixth list item, the Task Group did not reach 
any specific conclusion as to the comparative effectiveness of various bonding approaches.
As a compromise, the single wire is now to be allowed only under perimeter surfaces that do not have 
“direct access to swimmers in the pool.” Any other perimeter surface required to be bonded must now 
employ a grid bonding approach. Note that this phrasing carefully avoided the use of related terms 
including “accessible” as covered in Art. 100; this usage generally correlates with the limitations of 
these requirements to areas involved in the exposure of swimmers to voltage gradients.

"The other major topic here, in (2), covers the use of grids for equipotential bonding. Steel and copper 
show up together, now with the same requirements as for paved surfaces, and here again,
the grade reference is corrected from the former “subgrade” to the intended “finished grade” The next 
third level subdivision [(c)] covers a common-sense exemption from bonding to surfaces
that are nonconductive, and as such are inherently excluded from the potential propagation of voltage 
gradients. This includes any perimeter surfaces that are electrically separated from the
pool structure and raised on nonconductive supports above a bonded surface. For example, this latter 
type of construction is sometimes used for (but not limited to) pools on and in buildings
where the surrounding floor is inherently and securely bonded due to the concrete reinforcement, but 
there is a walking surface consisting of individual tiles or nonconductive boards, separated
from each other and from the pool structure, and raised above the bonded floor on insulated risers. 
Such an arrangement isolates the user of the perimeter surface from whatever might exist
in terms of voltage gradients.

"The final third level subdivision [(d)] requires the interconnection of all bonded portions of perimeter 
surfaces. If this were not so, the voltage on one part of the perimeter could differ from
another part. This in turn could allow a dangerous potential difference to exist between adjacent parts 
of the perimeter, and thereby undermine the objectives of the other rules.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 211-NFPA 70-2023
[Definition: Pool.]

Companion submittal originally incorporated
as part of TIA.

Public Input No. 212-NFPA 70-2023 [Section
No. 680.26(A)]

Companion submittal originally incorporated
as part of TIA.

Public Input No. 211-NFPA 70-2023
[Definition: Pool.]

Public Input No. 212-NFPA 70-2023 [Section
No. 680.26(A)]
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Public Input No. 278-NFPA 70-2023 [ Section No. 680.26(B)(2) ]

(2)  Perimeter Surfaces.

The perimeter surface to be bonded shall be considered to extend for 1 m (3 ft) horizontally
beyond the inside walls of the pool and shall include unpaved surfaces and other types of
paving. Perimeter surfaces separated from the pool by a permanent wall or building 1.5 m (5 ft)
in height or more shall require equipotential bonding only on the pool side of the permanent wall
or building. Bonding to perimeter surfaces shall be provided as specified in 680.26(B)(2)(a),
(B)(2)(b), or (B)(2)(c) and shall be attached to the pool reinforcing steel or copper conductor grid
at a minimum of four points uniformly spaced around the perimeter of the pool. For
nonconductive pool shells, bonding at four points shall not be required.

(a) Structural Reinforcing Steel. Structural reinforcing steel shall be bonded in accordance
with 680.26(B)(1)(a).

(b) Copper Ring. Where structural reinforcing steel is not available or is encapsulated in a
nonconductive compound, a copper conductor(s) shall be utilized where the following
requirements are met:

(3) At least one minimum 8 AWG bare solid copper conductor shall be provided.

(4) The conductors shall follow the contour of the perimeter surface.

(5) Only listed splicing devices or exothermic welding shall be permitted.

(6) The required conductor shall be 450 mm to 600 mm (18 in. to 24 in.) from the inside walls
of the pool.

(7) The required conductor shall be secured within or under the perimeter surface 100 mm to
150 mm (4 in. to 6 in.) below the subgrade.

(h) Copper Grid. Where structural reinforcing steel is not available or is encapsulated in a
nonconductive compound, copper grid shall be utilized where the following requirements are
met:

(9) The copper grid shall be constructed of 8 AWG solid bare copper and be arranged in
accordance with 680.26(B)(1)(b) (3).

(10) The copper grid shall follow the contour of the perimeter surface extending 1 m (3 ft)
horizontally beyond the inside walls of the pool.

(11) Only listed splicing devices or exothermic welding shall be permitted.

(12) The copper grid shall be secured within or under the deck or unpaved surfaces between
100 mm to 150 mm (4 in. to 6 in.) below the subgrade.

Exception: Perimeter surface bonding shall not be required where perimeter surfaces are
constructed of nonconductive materials such as wood, plastic, or fiberglass unless the
nonconductive perimeter surface is elevated to provide personnel access underneath the
elevated portion where personnel would be in contact with the earth or other conductive
surfaces while walking, crawling or otherwise traversing that area.”

Additional Proposed Changes

File Name Description Approved
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680.26_excpetion_1.pdf
Perimeter surface bonding under nonconductive 
construction 

Statement of Problem and Substantiation for Public Input

This exception is needed to provide relief from bonding perimeter areas underneath nonconductive 
decking material. The nonconductive construction would essentially eliminate any step potential 
making the bonding grid or bonding ring around the pool superfluous. Where decking is raised high 
enough to allow people to crawl or walk on earth or other conductive surfaces where step potential or 
touch could still present a hazard, then perimeter bonding should still apply. This exception addresses 
those issues. See attached PDF for examples.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 279-NFPA 70-2023 [Section No. 680.26(B)(2)]

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:

Zip:

Submittal Date: Fri Feb 03 12:51:43 EST 2023

Committee: NEC-P17
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Public Input No. 279-NFPA 70-2023 [ Section No. 680.26(B)(2) ]

(2)  Perimeter Surfaces.

The perimeter surface to be bonded shall be considered to extend for 1 m (3 ft) horizontally
beyond the inside walls of the pool and shall include unpaved surfaces and other types of
paving. Perimeter surfaces separated from the pool by a permanent wall or building 1.5 m (5 ft)
in height or more shall require equipotential bonding only on the pool side of the permanent wall
or building. Bonding to perimeter surfaces shall be provided as specified in 680.26(B)(2)(a),
(B)(2)(b), or (B)(2)(c) and shall be attached to the pool reinforcing steel or copper conductor grid
at a minimum of four points uniformly spaced around the perimeter of the pool. For
nonconductive pool shells, bonding at four points shall not be required.

(a) Structural Reinforcing Steel. Structural reinforcing steel shall be bonded in accordance
with 680.26(B)(1)(a).

(b) Copper Ring. Where structural reinforcing steel is not available or is encapsulated in a
nonconductive compound, a copper conductor(s) shall be utilized where the following
requirements are met:

(3) At least one minimum 8 AWG bare solid copper conductor shall be provided.

(4) The conductors shall follow the contour of the perimeter surface.

(5) Only listed splicing devices or exothermic welding shall be permitted.

(6) The required conductor shall be 450 mm to 600 mm (18 in. to 24 in.) from the inside walls
of the pool.

(7) The required conductor shall be secured within or under the perimeter surface 100 mm to
150 mm (4 in. to 6 in.) below the subgrade.

(h) Copper Grid. Where structural reinforcing steel is not available or is encapsulated in a
nonconductive compound, copper grid shall be utilized where the following requirements are
met:

(9) The copper grid shall be constructed of 8 AWG solid bare copper and be arranged in
accordance with 680.26(B)(1)(b) (3).

(10) The copper grid shall follow the contour of the perimeter surface extending 1 m (3 ft)
horizontally beyond the inside walls of the pool.

(11) Only listed splicing devices or exothermic welding shall be permitted.

(12) The copper grid shall be secured within or under the deck or unpaved surfaces between
100 mm to 150 mm (4 in. to 6 in.) below the subgrade.

Exception: Perimeter bonding shall not be required for perimeter surface areas with no access
for personnel to walk, crawl, or otherwise traverse that area.

Informational note: Infinity pools are an example where the infinity edge of the pool may not
have any access for personnel to traverse the area outside of that edge.

Additional Proposed Changes

File Name Description Approved
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680.26_exception_2.pdf Perimeter bonding exception 

Statement of Problem and Substantiation for Public Input

This exception is needed to provide relief from bonding perimeter surfaces where people will not be 
walking, crawling, etc. Many "infinity pools" are built with the infinity edge of the pool on the side of a 
cliff or at the edge of a building where people simply cannot access. It makes no practical sense to put 
a bonding grid on the side of a cliff or at the edge of a building where it may be impossible people for 
people to go. The informational note is added for guidance.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 278-NFPA 70-2023 [Section No. 680.26(B)(2)] perimeter bonding exceptions

Submitter Information Verification

Submitter Full Name: Russ Leblanc

Organization: Leblanc Consulting Services

Street Address:

City:

State:

Zip:

Submittal Date: Fri Feb 03 13:05:29 EST 2023

Committee: NEC-P17
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Public Input No. 770-NFPA 70-2023 [ Section No. 680.26(B)(2) ]
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(2)  Perimeter Surfaces.
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The perimeter surface to be bonded shall be considered to extend for 900 mm (3 ft) horizontally
beyond the inside walls of the pool while also at a height between 900 mm (3 ft) above and 600
mm (2 ft) below the maximum water level. The perimeter surface shall include unpaved
surfaces, concrete, and other types of paving. Perimeter surfaces separated from the pool by a
permanent wall or building 1.5 m (5 ft) in height or more shall require equipotential bonding only
on the pool side of the permanent wall or building. Bonding to perimeter surfaces shall be
provided as specified in 680.26(B)(2)(a), (B)(2)(b), (B)(2)(c), and (B)(2)(d). For conductive pool
shells where bonding to perimeter surfaces is required, it shall be attached to the pool
reinforcing steel or copper conductor grid at a minimum of four points uniformly spaced around
the perimeter of the pool, or if the bonded perimeter surface does not surround the entire pool, it
shall be attached to the pool reinforcing steel or copper conductor grid at a minimum of four
uniformly spaced points along the bonded perimeter surface. For nonconductive pool shells,
where bonding to the perimeter surfaces is required, bonding at four points shall not be
required, and the perimeter bonding shall be attached to the 8 AWG copper equipotential
bonding conductor and, if present, to any conductive support structure for the pool.

Informational Note: Because the perimeter surface can incorporate various types of
materials at various locations and elevations above and below maximum water level, the
perimeter surface required to be bonded might not surround the entire pool. The 8 AWG
copper equipotential bonding conductor can encircle the entire pool to facilitate
connection of bonded parts.
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(a) Conductive Paved Portions of Perimeter Surfaces. Conductive paved portions of
perimeter surfaces, including masonry pavers, if used, shall be bonded with unencapsulated
structural reinforcing steel in accordance with 680.26(B)(1)(a), or with unencapsulated steel
structural welded wire reinforcement (welded wire mesh, welded wire fabric), bonded together
by steel tie wires or the equivalent. Steel welded wire reinforcement shall be fully embedded
within the pavement unless the pavement will not allow for embedding. If the reinforcing steel is
absent, or is encapsulated in a nonconductive compound, or embedding is not possible,
unencapsulated welded wire steel reinforcement or a copper conductor grid shall be provided
and shall be secured directly under the paving, and not more than 150 mm (6 in.) below finished
grade.

Unencapsulated steel welded wire reinforcement that is not fully embedded in concrete, and
copper grid regardless of location, where used for equipotential bonding, shall be listed for
corrosion resistance and mechanical performance. This listing requirement shall become
effective January 1, 2025. The copper grid or unencapsulated steel welded wire reinforcement
shall also meet the following:

(1) Copper grid is constructed of 8 AWG solid bare copper and arranged in accordance with
680.26(B)(1)(b)(3).

(2) Steel welded wire reinforcement is minimum ASTM 6 × 6-W2.0 × W2.0 or minimum No. 3
rebar constructed in a 300 mm (12 in.) grid.

(3) Copper grid and steel welded wire reinforcement follow the contour of the perimeter surface
extending not less than 900 mm (3 ft) horizontally beyond the inside walls of the pool.

(4) Only listed splicing devices or exothermic welding are used.

Informational Note No. 1: Performance of the equipotential bonding system at the
perimeter surface is improved as the distance between the bonding means and
finished grade is minimized, either by embedding within, or by direct contact with the
underside of, the finished pavement.

Informational Note No. 2: See ASTM A615/A615M, Standard Specification for
Deformed and Plain Carbon-Steel Bars for Concrete Reinforcement; A1064/A1064M,
Standard Specification for Carbon-Steel Wire and Welded Wire Reinforcement, Plain
and Deformed, for Concrete; A1022/A1022M, Standard Specification for Deformed
and Plain Stainless Steel Wire and Welded Wire for Concrete Reinforcement;
A1060A/A1060M, Standard Specification for Zinc-Coated (Galvanized) Steel Welded
Wire Reinforcement, Plain and Deformed, for Concrete; and ACI Standard ACI 318,
Building Code Requirements for Structural Concrete, for examples of standards
currently used in the listing of reinforcing steel bars and steel welded wire
reinforcement.
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(b) Unpaved Portions of Perimeter Surfaces. Unpaved portions of perimeter surfaces shall
be bonded with any of the following methods:

(3) Copper conductor(s) shall meet the following:

(4) At least one minimum 8 AWG bare solid copper conductor, including the 8 AWG
copper equipotential bonding conductor if available.

(5) The conductors follow the contour of the perimeter surface.

(6) Only listed splicing devices or exothermic welding are used.

(7) The conductor(s) is 450 mm to 600 mm (18 in. to 24 in.) from the inside walls of the
pool.

(8) The conductor(s) is under the unpaved portion of the perimeter surface 100 mm to 150
mm (4 in. to 6 in.) below finished grade.

(9) Be installed only in perimeter surfaces not intended to have direct access to swimmers
in the pool.

(10) Copper grid or unencapsulated steel welded wire reinforcement used for equipotential
bonding of unpaved portions of perimeter surfaces shall meet the following:

(11) Be installed in accordance with 680.26(B)(2)(a) .

(12) Be located within unpaved surface(s) between 100 mm to 150 mm (4 in. to 6 in.) below
finished grade.

(m) Nonconductive Perimeter Surfaces. Equipotential bonding shall not be required for
nonconductive portions of perimeter surfaces that are separated from earth or raised on
nonconducting supports, and it shall not be required for any perimeter surface that is electrically
separated from the pool structure and raised on nonconductive supports above an
equipotentially bonded surface.

Informational Note: Nonconductive materials include, but are not limited to, wood,
plastic, wood-plastic composites, fiberglass, and fiberglass composites. Perimeter
surfaces that are electrically separated from the pool structure and raised on
nonconductive supports above an equipotentially bonded surface include, but are not
limited to, metal fittings and metal components fixed to bulkheads constructed of
nonconductive materials with no conductive connection to the pool structure by the
bulkhead and/or metal fittings and components fixed to the bulkhead. 

(n) Interconnection of Bonded Portions of Perimeter Surfaces. All surfaces where
equipotential bonding is required shall be interconnected using listed splicing devices or
exothermic welding. Where copper wire is used for this purpose, it shall be solid copper, not
smaller than 8 AWG. The conductor shall be permitted to encircle the pool to facilitate bonding
connections to portions of the perimeter covered in 680.26(B)(2)(a) and (B)(2)(b) that are not
contiguous.

Statement of Problem and Substantiation for Public Input

Currently the NEC code does not contain any verbiage around swimming pool bulkheads, particularly 
bulkheads constructed of nonconductive material (fiberglass). The addition of the proposed verbiage 
would serve to clarify how a bulkhead is classified, as well as the bonding requirements for fixed metal 
components that are fixed to nonconductive surfaces/structures with no electrical path to ground or to 
the pool structure. 

Equipotential bonding is to prevent stray currents from being transferred to conductive surfaces with an 

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

183 of 230 9/18/2023, 9:05 PM



unequal ground potential. If the surfaces are electrically isolated from a ground path, then I believe this 
clause is saying there is no need to bond these surfaces. I believe this is the intent of the second part 
of this clause "..., and it shall not be required for any perimeter surface that is electrically separated 
from the pool structure and raised on nonconductive supports above an equipotentially bonded 
surface."

Submitter Information Verification

Submitter Full Name: Philip Escobedo

Organization: FLUIDRA

Affiliation: FLUIDRA

Street Address:

City:

State:

Zip:

Submittal Date: Wed May 03 21:11:11 EDT 2023

Committee: NEC-P17
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Public Input No. 1215-NFPA 70-2023 [ New Section after 680.26(B)(7) ]

TITLE OF NEW CONTENT

Metal Fencing Bonding

Type your content here ...If a metal fence is bonded due to being five feet or less from the inside
wall of the pool a bonding surface shall be installed 18 too 24 inches from the exterior of the
fence as per 680.26 (B)(2). 

Statement of Problem and Substantiation for Public Input

The NEC is always concerned with safety and what I see here is that any gradients in the pool area 
outside the fenced area could create a hazard with the bonded fence. 

Submitter Information Verification

Submitter Full Name: Lou Petrucci

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jun 27 13:13:53 EDT 2023

Committee: NEC-P17
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Public Input No. 3214-NFPA 70-2023 [ Section No. 680.26(B)(7) ]

(7)  Fixed Metal Parts.

All fixed metal parts, including, but not limited to, metal-sheathed cables and raceways, metal
piping, metal awnings, metal fences, and metal door and window frames, shall be bonded
where located no greater than either of the following:

(1) 1.5 m (5 ft) horizontally from the inside walls of the pool or bonded metal part

(2) 3.7 m (12 ft) vertically above the maximum water level of the pool, observation stands,
towers, or platforms, or any diving structures

Exception: Those separated from the pool by a permanent barrier that prevents contact by a
person shall not be required to be bonded.

Statement of Problem and Substantiation for Public Input

The intent of adding the text 'or bonded metal part' to the requirement is to take into consideration of a 
bonded handrail that within three feet from a screen enclosure. The shock hazard will be present to a 
person standing in between a bonded metal part and a unbonded metal part further than 5ft form the 
inside walls of the pool. The 5ft horizontal measurement in this case should begin from the bonded 
metal part. This proposed revision will increase electrical safety around pools.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 30 11:40:13 EDT 2023

Committee: NEC-P17
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Public Input No. 1737-NFPA 70-2023 [ Section No. 680.26(B) [Excluding any

Sub-Sections] ]

The parts specified in 680.26(B)(1) through (B)(7) shall be bonded together using one or more
of the following

(1) solid copper conductors, insulated, covered, or bare, not smaller than 8 AWG or with ,
which shall not be required to be extended or attached to remote panelboards, service
equipment, or electrodes

(2) rigid metal conduit of brass or other identified corrosion-resistant metal.

(3) structural reinforcing steel

(4) steel structural welded wire reinforcement (welded wire mesh, welded wire fabric)

Connections to bonded parts shall be made in accordance with 250.8 . An 8 AWG or larger
solid copper bonding conductor provided to reduce voltage gradients in the pool area shall not
be required to be extended or attached to remote panelboards, service equipment, or
electrodes. and 680.7(C) 

Statement of Problem and Substantiation for Public Input

This PI proposes to restructure this section and add references to structural steel and wire:
1- restructured to a list format for clarity to make it easier to read and understand
2- structural reinforcing steel and steel structural welded wire reinforcement are added as options as 
they are included in 680.26(B)(2)
3- a reference to 680.7(C) is added for clarity to remind users of the Code that field installed terminals 
and connections must comply with both Article 250 and 680 requirements 
4- the requirement for not requiring the 8 AWG conductor to be extended or attached to remote 
panelboards, service equipment, or electrodes is moved to new list item (1) in order to consolidate 
similar information

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jul 31 13:43:23 EDT 2023

Committee: NEC-P17
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Public Input No. 2018-NFPA 70-2023 [ Section No. 680.26(B) [Excluding any

Sub-Sections] ]

The parts specified in 680.26(B)(1) through (B)(7) shall be bonded together using solid copper
or 40% copper-clad steel conductors, insulated, covered, or bare, not smaller than 8 AWG or
with rigid metal conduit of brass or other identified corrosion-resistant metal. Connections to
bonded parts shall be made in accordance with 250.8. An 8 AWG or larger solid copper or 40%
copper-clad steel bonding conductor provided to reduce voltage gradients in the pool area shall
not be required to be extended or attached to remote panelboards, service equipment, or
electrodes.

Statement of Problem and Substantiation for Public Input

Please see the substantiation in Public Input 1102.

Submitter Information Verification

Submitter Full Name: Peter Graser

Organization: Copperweld

Affiliation: American Bimetallic Association

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 11 07:23:03 EDT 2023

Committee: NEC-P17
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Public Input No. 2083-NFPA 70-2023 [ Section No. 680.26(B) [Excluding any

Sub-Sections] ]

The parts specified in 680.26(B)(1) through (B)(7) shall be bonded together using solid copper
conductors, insulated, covered, or bare, not smaller than 8 AWG or with rigid metal conduit of
brass or other identified corrosion-resistant metal. Connections to bonded parts shall be made in
accordance with 250.8. An 8 AWG or larger solid copper bonding conductor provided to reduce
voltage gradients in the pool area shall not be required to be extended or attached to remote
enclosed panelboards, service equipment, or electrodes.

Statement of Problem and Substantiation for Public Input

The term ‘panelboard’ and ‘enclosed panelboard’ are defined terms. Adding the word ‘enclosed 
panelboard’ makes the text technically correct. Note: The term ‘Enclosed Panelboard’ was added to 
NEC Article 100 during the 2023 Code cycle.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 11 15:35:37 EDT 2023

Committee: NEC-P17
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Public Input No. 2468-NFPA 70-2023 [ New Section after 680.28 ]

680.29 Portable Signs

A portable electric sign shall not be placed within a pool or within 1.5 m (5 ft) measured
horizontally from the inside walls of a pool.

Statement of Problem and Substantiation for Public Input

This PI proposes to relocate a pool specific requirement from 680.57(C)(2) in Part V Fountains.  See 
companion PI 2467.  Part V is specific to fountains only and a pool requirement should be located in 
Part II. 

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 2467-NFPA 70-2023 [Section No. 680.57(C)(2)]

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 15:06:46 EDT 2023

Committee: NEC-P17
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Public Input No. 2489-NFPA 70-2023 [ New Section after 680.28 ]

680.29 – Electric Water Heaters

Circuits serving electric water heaters operating at voltages above the low-voltage contact limit shall be

provided with ground fault circuit protection for personnel. 

Statement of Problem and Substantiation for Public Input

Permanent swimming pools can and are heated using an electric water heaters.  Clear straightforward 
protection similar to that afforded to gas-fired water heaters should be provided for electric water 
heaters. 

Submitter Information Verification

Submitter Full Name: Gary Hein

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 18 12:26:23 EDT 2023

Committee: NEC-P17
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Public Input No. 2453-NFPA 70-2023 [ Section No. 680.28 ]

680.28  Gas-Fired Water Heater.

Circuits serving gas-fired swimming pool and spa water heaters operating at voltages above
the low-voltage contact limit shall be provided with GFCI protection.

Statement of Problem and Substantiation for Public Input

The requirement for spas is covered under Article 680.44 (C).  680.28 – is dedicated to Part II 
Permanently Installed Pools.  Spas are covered under Parts III and IV.   Article 680.40 (Part IV) notes 
that “Electrical installations at spas and hot tubs shall comply with the provisions of Part 1 and Part IV 
of this article.”. 
• Article 680.40 does not reference compliance with article 680.28 which falls under Part II. 

Submitter Information Verification

Submitter Full Name: Gary Hein

Organization: [ Not Specified ]

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 12:54:11 EDT 2023

Committee: NEC-P17
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Public Input No. 2440-NFPA 70-2023 [ Section No. 680.32 ]

680.32  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

All electrical equipment, including power-supply cords, used with storable pools shall have
GFCI protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C), as
applicable.

All receptacles rated 125 volts through 250 volts , 60 amperes or less, located within 6.0 m
(20 ft) of the inside walls of a storable pool, storable spa, or storable hot tub shall have GFCI
protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C), as
applicable. In determining these dimensions, the distance to be measured shall be the shortest
path the supply cord of an appliance connected to the receptacle would follow without piercing a
floor, wall, ceiling, doorway with hinged or sliding door, window opening, or other effective
permanent barrier.

Statement of Problem and Substantiation for Public Input

Removing ‘rated 125 volt through 250 volt’ so this requirement would apply to 480V receptacles 
located within 20 feet of pool water. This enhances electrical safety in these areas where the shock 
hazard is increased.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 12:03:28 EDT 2023

Committee: NEC-P17
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Public Input No. 2441-NFPA 70-2023 [ Section No. 680.32 ]

680.32  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

(A) Equipment. All electrical equipment, including power-supply cords, used with storable pools
shall have GFCI protection complying with 680.5(B) or SPGFCI protection complying with
680.5(C), as applicable.

(B) Receptacles. All receptacles rated 125 volts through 250 volts, 60 amperes or less, located
within 6.0 m (20 ft) of the inside walls of a storable pool, storable spa, or storable hot tub shall
have GFCI protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C),
as applicable. In determining these dimensions, the distance to be measured shall be the
shortest path the supply cord of an appliance connected to the receptacle would follow without
piercing a floor, wall, ceiling, doorway with hinged or sliding door, window opening, or other
effective permanent barrier.

Statement of Problem and Substantiation for Public Input

Created two first level subdivisions to separate these two requirements to facilitate useability for Code 
users. In accordance with NEC Style Manual section 3.5.1.2 multiple requirements within a single 
subdivision shall be avoided. Additional subdivisions or lists shall be used to express independent 
requirements.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 12:04:35 EDT 2023

Committee: NEC-P17
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Public Input No. 2518-NFPA 70-2023 [ Section No. 680.32 ]

680.32  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

All electrical equipment, including power-supply cords, used with storable pools shall have
GFCI protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C), as
applicable.

All receptacles rated 125 volts through 250 volts supplied by branch circuits rated 150 volts or
less to ground , 60 amperes or less, located within 6.0 m (20 ft) of the inside walls of a storable
pool, storable spa, or storable hot tub shall have GFCI protection complying with 680.5(B) or
SPGFCI protection complying with 680.5(C), as applicable. In determining these dimensions,
the distance to be measured shall be the shortest path the supply cord of an appliance
connected to the receptacle would follow without piercing a floor, wall, ceiling, doorway with
hinged or sliding door, window opening, or other effective permanent barrier.

Statement of Problem and Substantiation for Public Input

This change is so this language is consistent with that in 680.5(B) and many other locations in the 
code where "rated 125 volts through 250 volts" has been replaced.   Having different language trying to 
describe the same thing is confusion for the code user.  Also there are rare cases where a receptacle 
rated 250 volts could be supplied by a branch circuit that has a voltage greater than 150 volts to 
ground, a case the is beyond the design rating of a GFCI. 

Submitter Information Verification

Submitter Full Name: Don Ganiere

Organization: none

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 19 10:27:20 EDT 2023

Committee: NEC-P17
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Public Input No. 3814-NFPA 70-2023 [ Section No. 680.32 ]

680.32  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

All electrical equipment, including power-supply cords, used with storable pools shall have
GFCI protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C), as
applicable.

All receptacles rated 125 volts through 250 volts, 60 amperes or less, located within 6.0 m
(20 ft) of the inside walls of a storable pool, storable spa, or storable hot tub shall have GFCI
protection complying with 680.5(B) or SPGFCI protection complying with 680 . 5(C), as
applicable. In determining these dimensions, the distance to be measured shall be the shortest
path the supply cord of an appliance connected to the receptacle would follow without piercing a
floor, wall, ceiling, doorway with hinged or sliding door, window opening, or other effective
permanent barrier.

Statement of Problem and Substantiation for Public Input

This language is in conflict with the definition of a SPCGFCI.  Article 100 defines the SPCGFCI as “A 
device intended for the detection of ground-fault currents, used in circuits with voltage to ground 
greater than 150 volts, that functions to de-energize a circuit or portion of a circuit within an established 
period of time when a ground-fault current exceeds the values established for Class C, D, or E 
devices. (CMP-2)”.  This section speaks specifically to receptacles rated 125 volts through 250 volts.  
A receptacle on a circuit protected by a SPGFCI would need to be rated 480 volts which is beyond the 
requirements of this section.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 17:40:59 EDT 2023

Committee: NEC-P17
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Public Input No. 4518-NFPA 70-2023 [ Section No. 680.32 ]

680.32  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection.

All electrical equipment, including power-supply cords, used with storable pools shall have
GFCI protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C), as
applicable.

All receptacles rated 125 volts through 250 volts, 60 amperes or less single-phase , or 100
amperes or less three-phase, located within 6.0 m (20 ft) of the inside walls of a storable pool,
storable spa, or storable hot tub shall have GFCI protection complying with 680.5(B) or SPGFCI
protection complying with 680.5(C), as applicable. In determining these dimensions, the
distance to be measured shall be the shortest path the supply cord of an appliance connected
to the receptacle would follow without piercing a floor, wall, ceiling, doorway with hinged or
sliding door, window opening, or other effective permanent barrier.

Statement of Problem and Substantiation for Public Input

Equipment is now being used that is above the 60 A value currently stated in the code. GFCI devices 
are commercially available at the 100 A rating, and moving the three-phase limit to 100 A correlates to 
other parts of the code such as 210.8(B).

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4500-NFPA 70-2023 [Section No. 680.5(B)]

Submitter Information Verification

Submitter Full Name: Mark Pollock

Organization: Littelfuse

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 16:49:26 EDT 2023

Committee: NEC-P17
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Public Input No. 1286-NFPA 70-2023 [ Section No. 680.40 ]

680.40  General.

Electrical installations at spas and hot tubs shall comply with the provisions of Part I with Part I
and Part IV of this article.

Statement of Problem and Substantiation for Public Input

The deleted text "The provisions of" is unnecessary and adds no value. The Correlating Committee 
directed the Code Panels to remove this text where found in previous editions. This occurrence of the 
text was overlooked.

Submitter Information Verification

Submitter Full Name: John Kovacik

Organization: Trusted Safety Solutions LLC

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 06 13:26:21 EDT 2023

Committee: NEC-P17
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Public Input No. 2442-NFPA 70-2023 [ Section No. 680.43(A)(2) ]

(2)  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection for Receptacles, General.

All receptacles rated 125 volts through 250 volts , 60 amperes or less, located within 3.0 m
(10 ft) of the inside walls of a spa or hot tub shall have GFCI protection complying with 680.5(B)
or SPGFCI protection complying with 680.5(C), as applicable.

Statement of Problem and Substantiation for Public Input

Removing ‘rated 125 volt through 250 volt’ so this requirement would apply to 480V receptacles 
located within 20 feet of pool water. This enhances electrical safety in these areas where the shock 
hazard is increased. 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 12:07:45 EDT 2023

Committee: NEC-P17
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Public Input No. 3815-NFPA 70-2023 [ Section No. 680.43(A)(2) ]

(2)  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection for  for Receptacles, General.

All receptacles rated 125 volts through 250 volts, 60 amperes or less, located within 3.0 m
(10 ft) of the inside walls of a spa or hot tub shall have GFCI protection complying with 680.5(B)
or SPGFCI protection complying with 680 . 5(C), as applicable.

Statement of Problem and Substantiation for Public Input

This language is in conflict with the definition of a SPCGFCI.  Article 100 defines the SPCGFCI as “A 
device intended for the detection of ground-fault currents, used in circuits with voltage to ground 
greater than 150 volts, that functions to de-energize a circuit or portion of a circuit within an established 
period of time when a ground-fault current exceeds the values established for Class C, D, or E 
devices. (CMP-2)”.  This section speaks specifically to receptacles rated 125 volts through 250 volts.  
A receptacle on a circuit protected by a SPGFCI would need to be rated 480 volts which is beyond the 
requirements of this section.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Tue Sep 05 17:43:25 EDT 2023

Committee: NEC-P17
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Public Input No. 4520-NFPA 70-2023 [ Section No. 680.43(A)(2) ]

(2)  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection for Receptacles, General.

All receptacles rated 125 volts through 250 volts, 60 amperes or less single-phase , or 100
amperes or less 3-phase, located within 3.0 m (10 ft) of the inside walls of a spa or hot tub shall
have GFCI protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C),
as applicable.

Statement of Problem and Substantiation for Public Input

Equipment is now being used that is above the 60 A value currently stated in the code. GFCI devices 
are commercially available at the 100 A rating, and moving the three-phase limit to 100 A correlates to 
other parts of the code such as 210.8(B).

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4500-NFPA 70-2023 [Section No. 680.5(B)]

Submitter Information Verification

Submitter Full Name: Mark Pollock

Organization: Littelfuse

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 16:51:18 EDT 2023

Committee: NEC-P17
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Public Input No. 4476-NFPA 70-2023 [ Section No. 680.43(A)(3) ]

(3)   GFCI Protection, Spa or Hot Tub Supply Receptacle.

Receptacles that provide power for a spa or hot tub shall not exceed 150 volts to ground and
shall be GFCI protected.

Statement of Problem and Substantiation for Public Input

Adding 'GFCI' to the section title in order to match the technical requirement. In accordance with NEC 
style manual section 2.1.3.2 the title must be descriptive and concise with the intent of the 
requirement.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Sep 07 16:10:24 EDT 2023

Committee: NEC-P17
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Public Input No. 2270-NFPA 70-2023 [ Section No. 680.43(F) ]

(F) Connection to Equipment Grounding Conductor .

The following equipment shall be connected to the equipment grounding conductor:

(1) All electrical equipment located within 1.5 m (5 ft) of the inside wall of the spa or hot tub

(2) All electrical equipment associated with the circulating system of the spa or hot tub

Exception to (1) and (2): Electrical equipment listed for operation at the low-voltage
contact limit or less and supplied by a transformer or power supply that complies with
680.23(A)(2) shall not be required to be connected to the equipment grounding
conductor.

Statement of Problem and Substantiation for Public Input

Changing the title would make the text technically correct. This requirement is about connecting the 
equipment grounding conductor of the wire type to electrical equipment, not about grounding. In 
accordance with NEC style manual section 2.1.3.2 the title must be descriptive and concise with the 
intent of the requirement.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 14:34:49 EDT 2023

Committee: NEC-P17
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Public Input No. 1328-NFPA 70-2023 [ Section No. 680.45(A) ]

(A)  Cord-and-Plug Connections.

To facilitate the removal or disconnection of the unit(s) for maintenance, storage, and
repair servicing , self-contained portable packaged immersion pools with integral pumps and/or
heaters, including circulation heaters, rated 120 volts and 20 amperes or less shall be permitted
to be cord-and-plug-connected with a cord not shorter than 1.83 m (6 ft) and not longer than
4.6 m (15 ft) and shall be GFCI protected. The cord shall ground all non-current-carrying metal
parts of the electrical equipment. If the GFCI is provided as an integral part of the cord
assembly, it shall be located at the attachment plug or in the power-supply cord within 300 mm
(12 in.) of the attachment plug.

Statement of Problem and Substantiation for Public Input

Servicing is a defined term and includes repairs.  Using a defined term adds more clarity and helps 
avoid confusion between activities that are deemed as servicing and those that are deemed as 
reconditioning.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 08 11:46:35 EDT 2023

Committee: NEC-P17
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Public Input No. 1659-NFPA 70-2023 [ Section No. 680.45(C) ]
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(C)  Heaters.

Heaters used with permanently installed immersion pools shall comply with either 680.45(C)(1)
or , (C)(2) or (C)(3) .

(1)  Permanently Installed Heaters. - Hard Wired

A permanently installed heater , including immersion heaters, circulation heaters, and
combination pump-heater units, built- rated 120 volts through 250 volts that is built- in or
permanently attached as an integral part of a permanently installed immersion pool , rated
120 volts or 250 volts, shall comply with all of the following

(a) be identified for swimming pool and spa use; shall

(b) be grounded and bonded; and heaters supplied by branch circuits rated 150 volts or less to
ground shall be provided with GFCI protection. Permanently installed immersion heaters,

(c) have GFCI protection complying with 680.5(B) or SPGFCI protection complying with
680.5(C), as applicable.

(2) Permanently Installed Heaters- Cord and Plug Connected 

A permanently installed heater rated 120 volts and 20 amperes or less or 250 volts and
30 amperes or less, single phase, are permitted to be cord-and-plug-connected and comply
with all of the following

( a) the cord shall not be shorter than 1.83 m (6 ft) and not longer than 4.6 m (15 ft), shall be
GFCI protected, and shall be provided with means for grounding all non-current-carrying metal
parts of the appliance. If the GFCI

(b) if GFCI is provided as an integral part of the cord assembly, it shall be located at the
attachment plug or in the power-supply cord within 300 mm (12 in.) of the attachment plug.

(

2)

c) have GFCI protection complying with 680.5(B) or SPGFCI protection complying with
680.5(C), as applicable.

(d) be provided with means for grounding all non-current carrying metal parts of the heater

(3) Storable and Portable Heaters.

A cord-connected storable or portable heater , including immersion heaters, circulation heaters,
and combination pump-heater units, rated 120 volts and 20 amperes or less, or 250 volts and
30 amperes or less, single phase, used with, but not permanently installed or attached as an
integral part of a permanently installed immersion pool , rated 120 volts and 20 amperes or less
or 250 volts and 30 amperes or less, single phase, shall shall comply with all of the following

(a) be identified for swimming pool and spa use; shall

(b) be cord-and-plug-connected with a cord not shorter than 1.83 m (6 ft) and not longer than
4.6 m (15 ft), heaters supplied by branch circuits rated 150 volts or less to ground shall be
provided with Class A ground-fault circuit-interrupter protection, and shall be provided with
means for grounding all non-current-carrying metal parts of the appliance. If the ground-fault
circuit interrupter is

(c) have GFCI protection complying with 680.5(B) or SPGFCI protection complying with
680.5(C), as applicable.

(d) If the GFCI is provided as an integral part of the cord assembly, it shall be located at the
attachment plug or in the power-supply cord within 300 mm (12 in.) of the attachment plug.

Statement of Problem and Substantiation for Public Input

This PI proposes to restructure this section for clarity, usability and compliance with the NEC Style 
Manual while making no technical changes to the requirements.  Section 2.1.8.1 of the Style Manual 
permits lists to provide additional clarity.  Additional reformatting: 
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1- The requirements for permanently installed heaters are now divided into separate sections for hard 
wired vs cord and plug connected.
2- The voltage and ampere ratings are relocated to the beginning of the requirement for clarity.
3- The different types of heaters are deleted as "permanently installed heaters" is an all inclusive term.
4- The GFCI language is revised to provide a reference to 680.5 and correlate with other sections of 
Article 680 that reference GFCI protection   

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Jul 27 17:11:48 EDT 2023

Committee: NEC-P17
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Public Input No. 294-NFPA 70-2023 [ Section No. 680.50 ]

680.50  General.

Part I and Part V of this article shall apply to all permanently- installed fountains and splash
pads .

(A)  Additional Requirements.

(1) Fountains that have water common to a pool shall also comply with Part II of Article 680.

(2) Fountains intended for recreational use by pedestrians, including splash pads, shall also
comply with the requirements in 680.26.

(3) Part V does not apply to self-contained, portable fountains, which shall comply with Parts II
and III of Article 422.

(B)  Location of Equipment Exceeding the Low-Voltage Contact Limit.

Equipment with ratings exceeding the low-voltage contact limit shall be located at least 1.5 m
(5 ft) horizontally from the inside walls of a fountain, unless separated from the fountain by a
solid fence, wall, or other permanent barrier.

Statement of Problem and Substantiation for Public Input

If the General requirements of Article 680 Part I and the requirements of Article 680 Part V do not 
apply to splash pads, then the charging text of 680.50 should state so explicitly and identify which 
requirements do not apply.  The requirements for splash pads are challenging enough for NEC® users 
to locate; don't complicate that by omitting them from the Article 680 Part V General requirement.  
Splash pads have no appreciable depth and cannot be used for swimming, wadding or immersion as is 
the case for pools and spas.  

Submitter Information Verification

Submitter Full Name: Brian Rock

Organization: Hubbell Incorporated

Street Address:

City:

State:

Zip:

Submittal Date: Tue Feb 07 18:14:27 EST 2023

Committee: NEC-P17
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Public Input No. 2927-NFPA 70-2023 [ Section No. 680.50(A) ]

(A)  Additional Requirements.

(1) Fountains that have water common to a pool shall also comply with Part II of Article 680 ,
Part II .

(2) Fountains intended for recreational use by pedestrians, including splash pads, shall also
comply with the requirements in 680.26.

(3) Part V does not apply to self-contained, portable fountains, which shall comply with Article
422, Parts II and III of Article 422 .

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams

Organization: Delta Charter Township

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 28 12:15:56 EDT 2023

Committee: NEC-P17
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Public Input No. 2084-NFPA 70-2023 [ Section No. 680.54(A) ]

(A)  Grounding.

The following equipment shall be connected to an equipment grounding conductor:

(1) All electrical equipment located within the fountain or within 1.5 m (5 ft) of the inside wall of
the fountain, other than listed low-voltage luminaires not requiring grounding

(2) All electrical equipment associated with the recirculating system of the fountain

(3) Panelboards Enclosed panelboards that are not part of the service equipment and that
supply any electrical equipment associated with the fountain

Statement of Problem and Substantiation for Public Input

The term ‘panelboard’ and ‘enclosed panelboard’ are defined terms. Adding the word ‘enclosed 
panelboard’ makes the text technically correct. Note: The term ‘Enclosed Panelboard’ was added to 
NEC Article 100 during the 2023 Code cycle.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 11 15:36:58 EDT 2023

Committee: NEC-P17
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Public Input No. 2272-NFPA 70-2023 [ Section No. 680.54(A) ]

(A)   Connection to Equipment Grounding Conductor .

The following equipment shall be connected to an equipment grounding conductor:

(1) All electrical equipment located within the fountain or within 1.5 m (5 ft) of the inside wall of
the fountain, other than listed low-voltage luminaires not requiring grounding

(2) All electrical equipment associated with the recirculating system of the fountain

(3) Panelboards that are not part of the service equipment and that supply any electrical
equipment associated with the fountain

Statement of Problem and Substantiation for Public Input

Changing the title would make the text technically correct. This requirement is about connecting the 
equipment grounding conductor of the wire type to electrical equipment, not about grounding.  
The section title must be revised to match the technical requirement. In accordance with NEC style 
manual section 2.1.3.2 the title must be descriptive and concise with the intent of the requirement.
See 215.6 Feeder Equipment Grounding Conductor, 320.108 Equipment Grounding Conductor, 
330.108 Equipment Grounding Conductor, 334.108 Equipment Grounding Conductor, 410.182 
Equipment Grounding Conductor, 547.27 Separate Equipment Grounding Conductor, 555.37 
Equipment Grounding Conductor, and 690.45 Size of Equipment Grounding Conductors.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 15:03:34 EDT 2023

Committee: NEC-P17
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Public Input No. 2273-NFPA 70-2023 [ Section No. 680.55 ]

680.55  Methods of Connection to Equipment Grounding Conductor .

(A)  Applied Provisions.

The provisions of 680.7(A), 680.21(A), 680.23(B)(3), 680.23(F)(1) and (F)(2), and 680.24(F)
shall apply.

(B)  Supplied by a Flexible Cord.

Electrical equipment that is supplied by a flexible cord shall have all exposed non–current-
carrying metal parts grounded by an insulated copper equipment grounding conductor that is an
integral part of this cord. The equipment grounding conductor shall be connected to an
equipment grounding terminal in the supply junction box, transformer enclosure, power supply
enclosure, or other enclosure.

Statement of Problem and Substantiation for Public Input

Changing the title would make the text technically correct. This requirement is about methods of 
connecting the equipment grounding conductor of the wire type, not about grounding. In accordance 
with NEC style manual section 2.1.3.2 the title must be descriptive and concise with the intent of the 
requirement.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 15:06:14 EDT 2023

Committee: NEC-P17
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Public Input No. 1327-NFPA 70-2023 [ Section No. 680.56(D) ]

(D)  Terminations.

Connections with flexible cord shall be permanent, except that grounding-type attachment plugs
and receptacles shall be permitted to facilitate removal or disconnection for maintenance,
repair servicing , or storage of fixed or stationary equipment not located in any water-containing
part of a fountain.

Statement of Problem and Substantiation for Public Input

Servicing is a defined term and includes repairs.  Using a defined term adds more clarity and helps 
avoid confusion between activities that are deemed as servicing and those that are deemed as 
reconditioning.

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich

Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 08 11:45:11 EDT 2023

Committee: NEC-P17
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Public Input No. 2467-NFPA 70-2023 [ Section No. 680.57(C)(2) ]

(2)  Portable.

A portable electric sign shall not be placed within a pool  fountain or fountain or within 1.5 m
(5 ft) measured horizontally from the inside walls of the fountain.

Statement of Problem and Substantiation for Public Input

This PI proposes to remove the reference to a pool.  Part V Fountains, per it's scope at 680.50, applies 
to all permanently installed fountains only.  See companion PI 2468 that proposes to relocate the pool 
specific requirement to 680.29.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 2468-NFPA 70-2023 [New Section after 680.28]

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 15:00:20 EDT 2023

Committee: NEC-P17
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Public Input No. 2443-NFPA 70-2023 [ Section No. 680.58 ]

680.58  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection for Adjacent Receptacle Outlets.

All receptacles rated 125 volts through 250 volts , 60 amperes or less, located within 6.0 m
(20 ft) of a fountain edge shall have GFCI protection complying with 680.5(B) or SPGFCI
protection complying with 680.5(C), as applicable.

Statement of Problem and Substantiation for Public Input

Removing ‘rated 125 volt through 250 volt’ so this requirement would apply to 480V receptacles 
located within 20 feet of pool water. This enhances electrical safety in these areas where the shock 
hazard is increased. 

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 17 12:08:53 EDT 2023

Committee: NEC-P17
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Public Input No. 4527-NFPA 70-2023 [ Section No. 680.58 ]

680.58  Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-
Interrupter (SPGFCI) Protection for Adjacent Receptacle Outlets.

All receptacles rated 125 volts through 250 volts, 60 amperes or less single-phase , or 100
ampeeres or less 3-phase, located within 6.0 m (20 ft) of a fountain edge shall have GFCI
protection complying with 680.5(B) or SPGFCI protection complying with 680.5(C), as
applicable.

Statement of Problem and Substantiation for Public Input

Equipment is now being used that is above the 60 A value currently stated in the code. GFCI/SPGFCI 
devices are commercially available at the 100 A rating.

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 4500-NFPA 70-2023 [Section No. 680.5(B)]

Submitter Information Verification

Submitter Full Name: Mark Pollock

Organization: Littelfuse

Street Address:
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State:

Zip:

Submittal Date: Thu Sep 07 17:05:50 EDT 2023
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Public Input No. 2928-NFPA 70-2023 [ Section No. 680.60 ]

680.60  General.

The provisions of Part I and Part VI of this article shall apply to pools and tubs for therapeutic
use in health care facilities, gymnasiums, athletic training rooms, and similar areas. Portable
therapeutic appliances shall comply with Article 422, Parts II and III of Article 422 .

Statement of Problem and Substantiation for Public Input

This Public Input is being submitted on behalf of the NEC Correlating Committee Usability Task Group 
in order to provide correlation throughout the document. The text is revised to to comply with the NEC 
Style Manual Section 4.1.4, regarding the use of Parts.
4.1.4 References to an Entire Article. References shall not be made to an entire article, except for the 
Article 100 or where referenced to provide the necessary context. References to specific parts within 
articles shall be permitted. References to all parts of an article shall not be permitted. The article 
number shall precede the part number.
The Usability Task Group members are: Derrick Atkins, David Hittinger, Richard Holub, Dean Hunter,  
Chad Kennedy and  David Williams. 

Submitter Information Verification

Submitter Full Name: David Williams
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Public Input No. 1656-NFPA 70-2023 [ Section No. 680.62(A)(1) ]

(1)  Listed Units.

If so marked, a listed, labeled, and identified self-contained unit or a listed, labeled, and
identified packaged equipment assembly that includes integral ground-fault circuit-interrupter
protection GFCI protection for all electrical parts within the unit or assembly (pumps, air
blowers, heaters, lights, controls, sanitizer generators, wiring, and so forth) shall be permitted
without additional GFCI protection.

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification

Submitter Full Name: Vincent Della Croce

Organization:

Street Address:
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State:

Zip:

Submittal Date: Thu Jul 27 16:36:52 EDT 2023

Committee: NEC-P17
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Public Input No. 1657-NFPA 70-2023 [ Section No. 680.62(A)(2) ]

(2)  Other Units.

A therapeutic tub or hydrotherapeutic tank rated 3 phase or rated over 250 volts or with a heater
load of more than 50 amperes shall not require the supply to be protected by a ground-fault
circuit interrupter GFCI .

Statement of Problem and Substantiation for Public Input

Section 2.1.2.9 of the NEC Style Manual permits the use of acronyms.  The acronym, GFCI, is 
currently used in Article 100 and Section 680.5.

Submitter Information Verification
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Zip:
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Public Input No. 2274-NFPA 70-2023 [ Section No. 680.62(D) ]

(D)   Equipment Grounding Conductor .

The following fixed or stationary equipment shall be connected to the equipment grounding
conductor:

(1) All electrical equipment located within 1.5 m (5 ft) of the inside wall of the tub

(2) All electrical equipment associated with the circulating system of the tub

Statement of Problem and Substantiation for Public Input

Changing the title would make the text technically correct. This requirement is about connecting the 
equipment grounding conductor of the wire type to electrical equipment, not about grounding. In 
accordance with NEC style manual section 2.1.3.2 the title must be descriptive and concise with the 
intent of the requirement.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 15 15:08:45 EDT 2023
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Public Input No. 2392-NFPA 70-2023 [ Section No. 680.71 ]

680.71  71  GFCI Protection.

Hydromassage bathtubs and their associated electrical components shall be on an individual
branch circuit(s) and protected by a readily accessible GFCI. All 125-volt, single-phase
receptacles not exceeding 30 amperes and located within 1.83 m (6 ft) measured horizontally of
the inside walls of a hydromassage tub shall be GFCI protected.

Statement of Problem and Substantiation for Public Input

The section title ‘Protection’ is very vague and uninformative, proposing to change to ‘GFCI Protection’ 
to give Code users the information about the requirement. In accordance with NFPA Style Manual 
section 2.1.3.2 the title must be descriptive and concise with the intent of the requirement.

Submitter Information Verification
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Zip:
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Public Input No. 2393-NFPA 70-2023 [ Section No. 680.71 ]

680.71  Protection.

(A) Branch-Circuit. Hydromassage bathtubs and their associated electrical components shall
be on an individual branch circuit(s) and protected by a readily accessible GFCI.

(B) Receptacles. All 125-volt, single-phase receptacles not exceeding 30 amperes and located
within 1.83 m (6 ft) measured horizontally of the inside walls of a hydromassage tub shall be
GFCI protected.

Statement of Problem and Substantiation for Public Input

Breaking section into a list item format to bring clarity for Code users. In accordance with NFPA Style 
Manual section 3.5.1.2 additional subdivisions shall be used where multiple requirements can be 
broken into independent requirements.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:
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Zip:
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Public Input No. 2085-NFPA 70-2023 [ Section No. 680.74(B) ]

(B)  Bonding Conductor.

All metal parts required to be bonded by this section shall be bonded together using a solid
copper bonding jumper, insulated, covered, or bare, not smaller than 8 AWG. The bonding
jumper(s) shall be required for equipotential bonding in the area of the hydromassage bathtub
and shall not be required to be extended or attached to any remote enclosed panelboard,
service equipment, or any electrode. In all installations a bonding jumper long enough to
terminate on a replacement non-double-insulated pump or blower motor shall be provided and
shall be terminated to the equipment grounding conductor of the branch circuit of the motor
when a double-insulated circulating pump or blower motor is used.

Statement of Problem and Substantiation for Public Input

The term ‘panelboard’ and ‘enclosed panelboard’ are defined terms. Adding the word ‘enclosed 
panelboard’ makes the text technically correct. Note: The term ‘Enclosed Panelboard’ was added to 
NEC Article 100 during the 2023 Code cycle.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc
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State:

Zip:
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Public Input No. 2086-NFPA 70-2023 [ Section No. 680.83 ]

680.83  Equipotential Bonding.

Lifts shall be bonded in accordance with 680.26(B)(5) and (B)(7) using solid copper conductors,
insulated, covered, or bare, not smaller than 8 AWG. Connections to bonded parts shall be
made in accordance with 250.8. An 8 AWG or larger solid copper bonding conductor provided
to reduce voltage gradients in the pool lift area shall not be required to be extended or attached
to remote enclosed panelboards, service equipment, or electrodes.

Statement of Problem and Substantiation for Public Input

The term ‘panelboard’ and ‘enclosed panelboard’ are defined terms. Adding the word ‘enclosed 
panelboard’ makes the text technically correct. Note: The term ‘Enclosed Panelboard’ was added to 
NEC Article 100 during the 2023 Code cycle.

Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 11 15:39:13 EDT 2023

Committee: NEC-P17

National Fire Protection Association Report https://submittals.nfpa.org/TerraViewWeb/ContentFetcher?commentPa...

224 of 230 9/18/2023, 9:05 PM



Public Input No. 3710-NFPA 70-2023 [ Part II. ]

Part II.  Permanently Installed Pools, Semi-Permanently Installed Pools

Statement of Problem and Substantiation for Public Input

Added the pool type "Semi-Permanently Installed Pools" to ensure this pool type is installed per part II 
of section 680. Because of the current definitions of Permanent and storable pools a class of above 
ground pools has been left out. This pool type is not meant to be stored when not in use or over the 
winter. 

Related Public Inputs for This Document

Related Input Relationship

Public Input No. 3681-NFPA 70-2023 [New Definition after
Definition: Pool, Permanently Installe...]

title change to incorporate
new definition

Public Input No. 3695-NFPA 70-2023 [Definition: Pool,
Permanently Installed Swimming, Wading, I...]

revised definition to support
new definition

Public Input No. 3700-NFPA 70-2023 [Definition: Pool,
Storable; used for Swimming, Wading, or I...]

revised definition to support
new definition

Public Input No. 3719-NFPA 70-2023 [Section No. 680.20]

Submitter Information Verification

Submitter Full Name: Ronald Dalrymple
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Public Input No. 293-NFPA 70-2023 [ Part V. ]

Part V.  Fountains and Splash Pads

Statement of Problem and Substantiation for Public Input

Requirements for splash pads are challenging enough for NEC® users to locate; don't complicate that 
by omitting them from the Article 680 Part V title.  Splash pads have no appreciable depth and cannot 
be used for swimming, wadding or immersion as is the case for pools and spas.  Since the explicit 
requirements 680.50(A)(2) and 680.54(C) already reside in Part V of Article 680, revise Part V's title to 
be more inclusive.  Heck, CMP-17 can even throw a Splash Pad Pride Parade!

Submitter Information Verification

Submitter Full Name: Brian Rock
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