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This Global Public Comment is for CMP-17 to review the use of the terms “overcurrent”, “overcurrent protective devices”
and “overcurrent protection".

Additional Proposed Changes
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CMP-17_OCPD_TG-4_CMP-10.pdf CMP-17_OCPD_TG-4 CMP-10

All_CMP_Comments_Files_from_CMP-10_TG-4.pdf All CMP Comments Files from CMP-10 TG-4

Statement of Problem and Substantiation for Public Comment

This Public Comment is submitted on behalf of a Task Group formed under the purview of Code Making Panel 10 consisting
of Randy Dollar, Thomas Domitrovich, Jason Doty, Diane Lynch, Alan Manche, Nathan Philips, David Williams, and Danish
Zia. This Public Comment, along with other Public Comments, was developed with the goal of improving usability and
accuracy on requirements associated with overcurrent protective devices.

The Task Group reviewed all instances of the term “overcurrent”, “overcurrent protective devices” and “overcurrent
protection” and provided recommended changes to align proposed and current defined terms.

For consistency, the task group chose to use the full defined term “overcurrent protective device” in the title of all sections or
subdivisions and the acronym “OCPD” or “OCPDs” when used in the body of each code section.

The term overcurrent protection applies to the application of an overcurrent protective device OCPD, to protect conductors
and equipment.

Two documents are attached: One for your specific code panel and the other is a comprehensive document illustrating all of
the code-wide comments made by this task group.

The current term “Overcurrent Protective Device, Branch-Circuit” is being deleted and the new defined term “Overcurrent
Protective Device (OCPD)” will be used instead.

The following are the proposed terms being submitted to CMP-10.

PC 1639 Overcurrent Protection.
Automatic interruption of an overcurrent

PC 1636 Overcurrent Protective Device (OCPD).
A device capable of providing protection over the full range of overcurrent between its rated current and its interrupting rating.
(CMP-10)

Informational Note 1: Prior editions of NFPA 70 included the defined term “branch circuit overcurrent protective device” for
overcurrent protective devices suitable for providing protection for service, feeder and branch circuits. This term has been
revised to a generalized term of “overcurrent protective device” (OCPD). The specific requirements using this term may
include modifiers (such as branch OCPD, feeder OCPD, service OCPD) to specify location or application of the OCPD, or to
specify variations (such as supplementary OCPD).

Informational Note 2: See 240.7 for a list of overcurrent protective devices suitable for providing protection for service,
feeder, branch circuits and equipment.
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Committee Statement

Committee Rejected but see related SR
Action:

Resolution: - - -

Statement: Revisions were made to 680.10(A)(2) and (B)(2) titles to better align with what is covered in the
requirements. Also, the acronym OCPD(s) was added instead of “overcurrent protective devices”. The NEC
style manual (2.1.2.9) permits the use of acronyms and defined terms.




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-17

CmMP NEC Section (using First Draft of 2026 NEC) | Current Language | "New" Language
17 Article 422
422.5(C) Branch-circuit overcurrent protective device Branch-Circuit OCPD
422.11. Title Overcurrent Protection Fineasis
422.11 protected against overcurrent shall be provided with overcurrent protection
422.11(A) Overcurrent Protection Fineasis
422.11(A) Branch-circuit overcurrent protective device Branch-Circuit OCPD
422.11(B) Overcurrent Protection OCPDs
422.11(C) Overcurrent Protection OCPDs
422.11(D) Overcurrent protective devices OCPDs
422.11(E) Overcurrent Protection Fineasis
422.11(E)(1) Overcurrent Protection Fineasis
422.11(E)(2) Overcurrent Protection Fineasis
422.11(E)(3) Overcurrent Protection OCPD
422.11(E)(3) Overcurrent Device OCPD
422.11(F)(1) Supplementary Overcurrent Protective Devices Supplementary OCPDs
422.11(F)(1) Overcurrent Protective Devices OCPDs
422.11(G) Overcurrent Protective Devices OCPDs
422.13 Overcurrent Protection Fineasis
422.31(A) Branch-circuit overcurrent protective device Branch-Circuit OCPD
422.60(A) Overcurrent Protection Fineasis
422.62(B)(1). (X2) Overcurrent protective device OCPD
17 Article 424
424.19 Supplementary Overcurrent Protective Devices Supplementary OCPDs
424.19(A) Supplementary Overcurrent Protection Fineasis
424.19(A) Supplementary Overcurrent Protection Fineasis
424.19(A) Supplementary Overcurrent Protective Device(s) Supplementary OCPDs
424.19(B) Supplementary Overcurrent Protection Fineasis
424.22 Overcurrent Protection Fineasis
424.22(A) Overcurrent Protection Fineasis
424.22(A) protected against overcurrent "..shall be permitted to have overcurrent protection.."
424.22(B) Supplementary Overcurrent Protective Device Supplementary OCPD

424.22(C). Title

Overcurrent Protective Devices

Fineasis

424.22(C)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs




424.22(C)

Overcurrent Protection

Fineasis

424.22(C)

Supplementary Overcurrent Protection

Fineasis

424.22(D) (X2)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

424.22(E). (X3)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

424.72 Overcurrent Protection Fineasis
424.72(A) Overcurrent protective device OCPD
424.72(B) Overcurrent protective device OCPD

424.72(C). Title Supplementary Overcurrent Protective Devices Fineasis
424.72(C) Supplementary Overcurrent Protective Devices Supplementary OCPDs
424.72(C) Overcurrent Protection Fineasis

424.72(D). Title Supplementary Overcurrent Protective Devices Fineasis
424.72(D). Supplementary Overcurrent Protective Devices Supplementary OCPDs
424.72(D) Overcurrent protective device OCPD
424.72(E) Supplementary Overcurrent Protective Devices. (X3) Supplementary OCPDs

424.82 Overcurrent protective devices OCPDs

17 Article 425

425.19 Supplementary Overcurrent Protective Devices Supplementary OCPDs

425.19(A). (X2) Supplementary Overcurrent Protection Fineasis
425.19(A) Supplementary Overcurrent Protective Devices Supplementary OCPDs
425.19(B) Supplementary Overcurrent Protection Fineasis

425.22. Title Overcurrent Protection Fineasis
425.22(A) Overcurrent Protection Fineasis
425.22(A) protected against overcurrent "..shall be permitted to have overcurrent protection.."
425.22(B) Supplementary Overcurrent Protective Device Supplementary OCPD

425.22(C). Title Overcurrent Protective Devices Fineasis
425.22(C) Supplementary Overcurrent Protective Devices Supplementary OCPDs

425.22(C). (X2) Supplementary Overcurrent Protection Fineasis

425.22(D). Title Supplementary Overcurrent Protective Devices Fineasis

425.22(D). (X2)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

425.22(E) (X3)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

425.72 Overcurrent Protection Fineasis
425.72(A) Overcurrent protective device OCPD
425.72(B) Overcurrent protective device OCPD

425.72(C). Title Supplementary Overcurrent Protective Devices Fineasis

425.72(C)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs




425.72(C) Overcurrent Protection Fineasis
425.72(D) Overcurrent protection Fineasis
425.72(E). Title Supplementary Overcurrent Protective Devices Fineasis
425.72(E) Supplementary Overcurrent Protective Devices Supplementary OCPDs
425.72(E) Overcurrent Protective Devices OCPD
425.72(F). (X3) Supplementary Overcurrent Protective Devices Supplementary OCPDs
425.82 Overcurrent protective devices OCPDs
17 Article 427
427.57 Overcurrent Protection Fineasis
427.57 considered protected against Overcurrent considered to have overcurrent protection
17 Article 680
680.10.(A)& (B)(2) Overcurrent protective devices OCPDs
680.23(F)(2) Overcurrent Protection Fineasis




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-1

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
1 Article 110

110.10. overcurrent protective devices OCPDs
110.10. circuit protective devices Fineasis

110.26(C)(2) overcurrent devices OCPD

110.26(C)(3) overcurrent devices OCPD
110.52 Overcurrent protection Fineasis
110.52 Overcurrent Motor-operated Equipment shall be provided with

overcurrent protection
Transformers shall be provided with overcurrent

110.52 Overcurrent protection




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-2

CMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
2 Article 100
Branch Circuit (Branch-Circuit) overcurrent device overcurrent protective device (OCPD)
2 Article 120
120.5(E) overcurrent device OCPD
120.7(B) overcurrent protective device OCPD
120.87(3) Overcurrent protection Fineasis
2 Article 210
210.4(A) branch-circuit overcurrent protective device, OCPD Fineasis
210.4(C) branch-circuit OCPD Fineasis
210.11(B) branch-circuit OCPD Fineasis
210.12(A) branch-circuit OCPD (X-8) Fineasis
210.18 evercurrent-device OCPD (X-2) Fineasis
210.19(A)(1)EX branch-circuit OCPD Fineasis
210.20. Overcurrent protection Fineasis
210.20. branch-circuit OCPD Fineasis
210.20(A) branch-circuit OCPD Fineasis
210.20(C) branch-circuit OCPD Fineasis
T-210.24 Overcurrent protection Fineasis
2 Annex D
Overcurrent Protection CMP-2 To review references to OCPD and the revised
D3.(X2) terms.
D3a. (X8) Branch-Circuit OCPD CMP-2 to Review
D3a. Overcurrent Protection CMP-2 to Review

D3a. (X2)

Branch-Circuit OCPD

CMP-2 to Review




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-3

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
3 Article 100
Fault Managed Power. Overcurrent protection Fineasis
Fire Alarm Circuit Overcurrent device overcurrent protective device (OCPD)
3 Article 300
300.5-T Overcurrent Protection Fineasis
300.17(1) Overcurrent Device OCPD
300.28(C)(3). (X5) Overcurrent Protection Fineasis
3 Article 590
590.6(A) Overcurrent Protection Fineasis
590.6(B) be protected from Overcurrent shall be provided with overcurrent protection
590.9. Title Overcurrent protective device Fineasis
590.9(A) Overcurrent protective devices OCPDs
590.9(B) Title Service Overcurrent protective devices Fineasis
590.9(B) Overcurrent protective devices OCPDs
3 Article 721
721.50(A) Overcurrent Fineasis
3 Article 722
722.1 Overcurrent Protection Fineasis
3 Article 724 Class 1
724.40(B). (X3) Overcurrent Devices OCPDs
724.40(B). (X2) Overcurrent Device OCPD
724.40(B). (X2) Overcurrent Protection Fineasis
724.43. (X4) Overcurrent Protection Fineasis
724.45 Overcurrent Device OCPD
724.45. (X3) Overcurrent Devices OCPDs
724.45(A) Overcurrent Devices OCPDs
724.45(B) Overcurrent Protection Fineasis
724.45(B) Overcurrent Device OCPD
724.45(C). (X2) Overcurrent protective devices OCPDs
724.45(D) Overcurrent Protection Fineasis
724.45(E) Overcurrent Protection Fineasis
3 Article 725
725.11n Overcurrent Protection Fineasis




725.127 Overcurrent Device OCPD
Article 760
760.41(B) Overcurrent protective device OCPD
760.41(B) Overcurrent protection devices OCPDs
760.43. (X3) Overcurrent Protection Fineasis
760.45. Title Overcurrent device Overcurrent protective device
760.45 Overcurrent protection devices OCPDs
760.45Ex1 &2 Overcurrent Protection Fineasis
760.121(B) Branch-Circuit Overcurrent protective device OCPD
760.121(B) Overcurrent protection devices OCPDs
760.127 Overcurrent Protection Fineasis
760.127 Overcurrent Device OCPD
Article 794
794.1 Overcurrent Protection Fineasis




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-4

"New" Language

Cmp NEC Section (using First Draft of 2026 NEC) Current Language
4 Article 690
690.2 PV dc Overcurrent protective devices PV dc OCPDs
690.8 Overcurrent Device OCPD and OCPDs
690.9. Title Overcurrent Protection Fineasis
690.9(A). (X2) be protected from Overcurrent shall be provided with overcurrent protection
690.9(A)(1). Title Overcurrent Protection Fineasis
690.9(A)(1). Overcurrent protective devices OCPDs
690.9(A)(2). Title Overcurrent Protection Fineasis
690.9(A) (2) be protected from Overcurrent shall be provided with overcurrent protection
690.9(A) (2) In Overcurrent protection Fineasis
690.9(A)(2)In Overcurrent device OCPD
690.9(A)(3) Overcurrent Fineasis
690.9(B) khall be permitted to prevent overcurrent of conductors Fineasis
690.9(B) Overcurrent device OCPD and OCPDs
690.9(C) Overcurrent protective deviceand Devices OCPD and OCPDs
690.31(E) Overcurrent protective devices OCPDs
690.45 Overcurrent protective device OCPD
690.45 Overcurrent Device OCPD
4 Article 692
692.8. Title Overcurrent Device Overcurrent Protective Devices
692.8 Overcurrent protective device OCPDs
692.9 Overcurrent Protection Fineasis
692.9 Overcurrent Devices OCPDs
4 Article 694
694.7(D) Overcurrent Device OCPD
694.12(B). Title Overcurrent Device Overcurrent Protective Device
694.12(B)(2). Title Overcurrent Devices Overcurrent Protective Devices
694.12(B)(2) Overcurrent Devices OCPDs
694.15 Overcurrent Protection Fineasis
694.15 Overcurrent Devices OCPDs
694.15In Overcurrent Protection Fineasis
694.15(B)(1) Overcurrent Protection Fineasis
694.15(C) Overcurrent Devices OCPDs




Article 705

705.11(C). Title Overcurrent Protection Fineasis
705.11(C) be protected from overcurrent have overcurrent protection
705.11(C)(1). (1)(2)(3) Overcurrent protective device OCPD
705.11(C)(2) Overcurrent protection devices OCPDs
705.12(A)(2). (X4) Overcurrent Device OCPD
705.12(A)(3) Overcurrent Devices OCPDs

705.12(B) (Multiple) Overcurrent Deviceand (s) OCPD. And OCPDs
705.12(B) (Warninglabels) Overcurrent Device and (s) Overcurrent Protective Device and Devices
705.28(B)Ex.1 Overcurrent Devices OCPDs
705.28(B)Ex.3 Overcurrent Device OCPD
705.30. Title Overcurrent Protection Fineasis
705.30(A). (X2) Overcurrent Protection Fineasis
705.30(A) Overcurrent Devices OCPDs
705.30.(C) Overcurrent Devices OCPDs
705.30.(F) Overcurrent Protection Fineasis
705.70. Overcurrent Devices OCPDs
705.70. Overcurrent Protection Fineasis




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-5

CMP

NEC Section (using First Draft of 2026 NEC)

Current Language

"New" Language

Article 100

Ground-Fault Current Path, Effective

overcurrent protective device

overcurrent protective device (OCPD)

Ground-Fault Protection of Equipment

overcurrent device

overcurrent protective device (OCPD)

5 Article 200
200.10(E) overcurrent device OCPD
5 Article 250
250.4(A)(5). Title Overcurrent protective Device Fineasis
250.4(A)(5) Overcurrent Device OCPD
250.4(B)(4) Overcurrent Devices OCPDs
250.30(A)(1) Overcurrent Device OCPD
250.30(A)(1) Overcurrent Devices OCPDs
250.32(B)(2). (X4) Overcurrent Protection Fineasis
250.32(C)(2). (X4) Overcurrent Protection Fineasis
250.35(B) Overcurrent Protection Fineasis
250.36(D) Overcurrent Device Fineasis
250.36(E)(1) Overcurrent Device OCPD
250.102(B)(2) Overcurrent Protection Fineasis
250.102(D). (X3) Overcurrent Devices OCPDs
250.118(A)(5) Overcurrent Devices OCPDs
250.118(A)(6) Overcurrent Devices OCPDs
250.118(A)(7) Overcurrent Devices OCPDs
250.122(C) Overcurrent Device OCPD
250.122(F)(2). (X3) Overcurrent protective device OCPD
250.122(G) Overcurrent Device OCPD
250.142. (X2) Overcurrent Device OCPD
250.148 Overcurrent Device OCPD
250.164 Overcurrent Device OCPD
250.166 Overcurrent Protection Fineasis
250.169 Overcurrent Devices OCPD
5 Article 270
270.4(A)(5) Overcurrent Device OCPD
270.4(B)(4) Overcurrent Devices OCPDs
270.30(A)(1) Overcurrent Devices OCPDs




270.32(B)(2). (X4) Overcurrent Protection Fineasis
270.32(C)(2). (X4) Overcurrent Protection Fineasis
270.35(B) Overcurrent Protection Fineasis
270.35(B) Overcurrent protective device OCPD
270.36(D) Overcurrent Device OCPD
270.36(E) Overcurrent Devices OCPDs
270.102(C)(2) Overcurrent Protection Fineasis
270.102(D) Overcurrent Device OCPDs
270.114(C)(3) Overcurrent setting CMP to review Language based on new terms
270.118 Overcurrent Devices OCPDs
270.142 Overcurrent Devices OCPDs
270.148(B) Overcurrent Device OCPD
270.164(B) Overcurrent Device OCPD
270.166(A) Overcurrent Protection Fineasis
270.169 Overcurrent Devices OCPDs




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-6

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
6 Article 310
310.10(G). Overcurrent Protection Fineasis
310.15(A) Overcurrent Protection Fineasis
310.16-T Overcurrent Protection Fineasis
310.17-T Overcurrent Protection Fineasis
6 Article 335
335.90. Overcurrent Protection Fineasis
6 Article 382
382.4 Supplementary Overcurrent Protection Supplementary Overcurrent Protective Device
6 Article 400
400.16 Overcurrent Protection Fineasis
400.16 protected against Overcurrent shall be provided with overcurrent protection
6 Article 402

402.14 (X2)

Overcurrent Protection

Fineasis




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-7

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
7 Article 100
Service Equipment, Mobile Home overcurrent protective devices overcurrent protective devices (OCPDs)
7 Article 545
545.24 Branch-circuit overcurrent protective device Branch-circuit OCPD
545.24(B) Title Branch Circuit Overcurrent Protection Device Overcurrent protective devices
545.24(B) aBranch Circuit Overcurrent Protective Device an OCPD
7 Article 547
547.41(A)(6). (X2) Overcurrent Protection Fineasis
547.41(B) Overcurrent Protection Fineasis
547.42 Overcurrent Protection Fineasis
7 Article 550
550.11(B). Title Branch-Circuit protective equipment Branch-Circuit Overcurrent Protection
550.11(B) Overcurrent Protection Fineasis
550.11(B) Branch-Circuit Overcurrent Devices OCPDs
550.11(B) Overcurrent protection size OCPD rating
550.15(E) Branch-circuit overcurrent protective device OCPD
550.32 Overcurrent Protection Fineasis
7 Article 551
551.31(A) Overcurrent protective device OCPD
551.31(C) Overcurrent protective device OCPD
551.31(D) Overcurrent Protection Fineasis
551.42 Overcurrent Protection Fineasis
551.43. Title Branch-Circuit protection Branch-Circuit Overcurrent Protection
551.43(A) Branch Circuit Overcurrent Devices Branch-Circuit OCPDs
551.43(A)(3) Overcurrent Protection Fineasis
551.45(C) Overcurrent protective device OCPD
551.47(Q) Overcurrent protective device OCPD
551.47(R) Overcurrent Protection Fineasis
551.47(S) Overcurrent Protection Fineasis
551.74 Overcurrent Protection Fineasis
7 Article 552
552.10.(E) Title Overcurrent Protection Fineasis
552.10(E)(1) Overcurrent protective devices OCPDs




T-552.10(E)(1)

Overcurrent Protection

Fineasis

552.10(E)(4). (X2) Overcurrent protective device OCPD
552.42(A) Branch Circuit Overcurrent Devices OCPDs
552.42(A) Overcurrent Protection Fineasis
552.45(C) Overcurrent protective device OCPD
552.46(A) IN Overcurrent Protection Fineasis
552.47(P) Overcurrent protective device OCPD
552.47(Q) Overcurrent Protection Fineasis
Article 555
555.53 Overcurrent protective device OCPD
Article 675
675.6 Branch Circuit Overcurrent Protective Device OCPD
675.7 Branch Circuit Overcurrent Protective Devices OCPDs
675.8 Overcurrent Protection Fineasis
Article 682
Feeder Overcurrent protective device Feeder OCPD

682.15(B)




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-8

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
8 Article 312
312.11. Title Overcurrent Devices Overcurrent Protective Device
312.11 Overcurrent Devices OCPDs
312.11(A). (X3) Overcurrent Device OCPDs
312.11(B) Overcurrent Devices OCPDs
312.11(B)(1) Overcurrent Device OCPD
8 Article 366
366.12 Overcurrent Devices OCPDs
366.56(D) Overcurrent Protection Fineasis
8 Article 368
368.17(A). Title Overcurrent Protection Fineasis
368.17 Overcurrent Protection Fineasis
368.17(A) Protected against Overcurrent shall be provided with overcurrent protection
368.17(B). (X2) Overcurrent Protection Fineasis
368.17(B) Overcurrent Device OCPD
368.17(C) Overcurrent Devices OCPDs
368.17(C)Ex.2 Branch-Circuit Overcurrent Device Branch-Circuit OCPD
368.17(C)Ex.3 Overcurrent Device OCPD
368.17(C)Ex.4 Branch-Circuit overcurrent plug-in device CMP to review Language based on new terms
368.17(D). Title Overcurrent Protection Fineasis
368.17(D) Protected against Overcurrent shall be provided with overcurrent protection
8 Article 370
370.23. Title Overcurrent Protection Fineasis
370.23 Protected against Overcurrent shall be provided with overcurrent protection
8 Article 371
371.17. Title Overcurrent Protection Fineasis
371.17 Overcurrent Protection Fineasis
371.17 (A)-(C). Titles Overcurrent Protection Fineasis

371.17(A)-(C)

Protected against Overcurrent

shall be provided with overcurrent protection
371.17(D) Protected against Overcurrent shall be provided with overcurrent protection
371.17(F) Overcurrent shall be provided with overcurrent protection
371.17(G) Overcurrent Protection

371.17(G)Ex

Overcurrent Protection

Fineasis

371.17(G)Ex

Overcurrent Device

OCPD




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-9

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
9 Article 265
265.18 Overcurrent Device OCPD
265.20. Overcurrent Protection Fineasis
265.20. Overcurrent protective devices OCPDs
265.20. Overcurrent Devices OCPDs
9 Article 266
266.1 Overcurrent Protection Fineasis
266.5 Overcurrent Protection Fineasis
266.5 Protected against overcurrent shall be provided with overcurrent protection
266.5 Overcurrent Device OCPD
9 Article 268
268.2.(X2) Overcurrent Protection Fineasis
268.70(F) Overcurrent Devices OCPDs
268.82. (X4) Overcurrent Protection Fineasis
Art. 268 Part VII Overcurrent Protection Fineasis
268.90. Overcurrent Device OCPD
268.90. Overcurrent Devices OCPDs
268.91 Overcurrent Device OCPD
268.92 Overcurrent Devices OCPDs
268.93 Overcurrent Device OCPD
9 Article 450
450.5 (previously 450.3). (X3) overcurrent protection FineAsls
450.5(A) and Table. (X3) overcurrent protection FineAsls
Table 450.5(A) Footnote 2. (X4) overcurrent device OCPD
450.5(B) overcurrent protection FineAsls
Table450.5(B) and Table (X2) overcurrent protection OCPD
Table 450.5(B) Footnote 2. (X3) overcurrent device OCPD
Table450.5(B) Footnote 3 overcurrent protection OCPD
450.6(A) Title overcurrent protection FineAsls
450.6(A) (X3) overcurrent device OCPD
450.6(A) Exception overcurrent device OCPD
450.7(A)(1). (X2) overcurrent protection OCPD
450.7(A)(2). Title overcurrent protection FineAsls




overcurrent sensing device FineAsls
450.7(A)(2) overcurrent protection OCPD
overcurrent device OCPD
branch or feeder protective devices branch or feeder OCPDs
450.7(A)(3) overcurrent device OCPD
450.7(B)(2) overcurrent protection FineAsls
450.7(B)(2)(a) overcurrent protective device OCPD
450.7(B)(2)(b) overcurrent protection OCPD
450.7(B)(2)(b) overcurrents FineAsls
450.7(B)(2)(b) Exception overcurrent device OCPD
450.8(A). (X2) overcurrent protection FineAsls
450.8(A)(1) overcurrent protection FineAsls
450.8(A)(2) overcurrent protection FineAsls
450.8(A)(3) protective device OCPD
450.8(A)(4)(a) protective device OCPD
450.8(B). Title Overcurrent Protection FineAsls
450.8(B) overcurrent device OCPD
450.9 overcurrent protection FineAsls
450.9 protective devices (2x) OCPDs
450.23(A)(1)(d) Informational Note overcurrent protection OCPD
450.23(B)(1) Informational Note 2 overcurrent protection OCPD
Article 495
495.62. Title Overcurrent Protection FineAsls
495.72 Overcurrent Relay FineAsls




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-10

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
10 Article 100
Circuit Breaker Overcurrent Fineasis
Coordination, Selective. (Selective Coordination) Overcurrent condition Fineasis
Coordination, Selective. (Selective Coordination) overcurrent protective devices overcurrent protective devices (OCPDs)
Coordination, Selective. (Selective Coordination) overcurrents Fineasis

Coordination, Selective. (Selective Coordination)

overcurrent protective device

overcurrent protective device (OCPD)

Current Limiting (as applied to overcurrent protection

overcurrent protection devices

devices) overcurrent protective devices (OCPDs)
Feeder final branch-circuit overcurrent protective device overcurrent protective device (OCPD)
Fuse overcurrent protective device overcurrent protective device (OCPD)
Fuse overcurrent Fineasis

Fuse, Electronically Actuated overcurrent protective device overcurrent protective device (OCPD)
Fuse, Electronically Actuated overcurrent Fineasis

Overcurrent Overcurrent protection Fineasis

Overcurrent Protective Device, Branch-Circuit

Revise with the term Overcurrent Protective Device.

(OCPD)

Overcurrent Protective Device, Supplementary (need
to Reviseterm with acronym)

overcurrent protective device

overcurrent protective device (OCPD)

Panelboard

overcurrent devices

overcurrent protective devices (OCPDs)

Surge-Protective Device (SPD). (X2)

overcurrent device. (X2)

overcurrent protective device (OCPD)

Switchboard

overcurrent

overcurrent protective devices (OCPDs)

Tap Conductor Overcurrent protection Fineasis
10 Article 215
215.1 Overcurrent protection Fineasis
215.4(A)(1)Ex.1 overcurrent devices protecting the feeders feeder OCPD
215.4(A)(1)Ex.3 overcurrent device OCPD
215.5Title Overcurrent protection Fineasis
215.5 Feeders shall be protected against overcurrent Feeders shall be provided with overcurrent protection
in accordance with Article 240, Parts |
215.5 overcurrent device OCPD
215.5Ex overcurrent device protecting the feeders feeder OCPDs
215.5Ex overcurrent device OCPD




215.18(B) branch circuit overcurrent devices OCPDs
10 Article 225
225.40. Title Overcurrent protective devices Fineasis
225.40. feeder overcurrent device (x2) feeder OCPD
225.40. branch circuit overcurrent devices Branch circuit OCPDs
225.42(B) branch circuit overcurrent devices OCPDs
10 Article 230
230.7 Ex.2 Overcurrent protection Fineasis
230.42(A)(1) overcurrent device (X3) OCPD
230.82(6) Overcurrent protection Fineasis
230.82(7) Overcurrent protection Fineasis
230.82(8) Overcurrent protection Fineasis
230.82(9) Overcurrent protection Fineasis
230.82(10) Overcurrent protection Fineasis
230 Part VII Overcurrent protection Fineasis
230.90(A) overcurrent device OCPD
230.90(A)Ex.3 overcurrent device OCPD
230.90(B) overcurrent device OCPD
230.91 overcurrent device (X2) OCPD
230.92 overcurrent device (X4) OCPDs and OCPD
230.93 overcurrent device OCPD
230.94 overcurrent device (X3) OCPD
230.94 Overcurrent protection (X2) Fineasis
230.95(A) overcurrent device OCPD
230.95(B) overcurrent device OCPD
10 Article 240
240 Overcurrent Protection Fineasis
240.1 (X3) Overcurrent protection Fineasis
240.2 branch-circuit Overcurrent protective devices braneh-cirewi-Overcurrent protective devices
240.4. Title Protection of Conductors Overcurrent Protection of Conductors
240.4 shall be provided with overcurrent protection in

Protected against overcurrent

accordance with

240.4(B). Title

Overcurrent devices

Overcurrent protective Devices

240.4(B)

Overcurrent device

OCPD

240.4(B)

Overcurrent protective device

OCPD




240.4(C). Title

Overcurrent devices

Overcurrent protective Devices

240.4(C). (X2) Overcurrent device. OCPD
240.4(D) Overcurrent Protection Fineasis
240.4(D)(1) Overcurrent protection Fineasis

240.4(D)(1)(2)

(a) OCPDsin accordance with 240.7 shall be marked for
use with 18 AWG copper conductor

(b) Delete

(c) changeto (b)

240.4(D)(2)

Overcurrent protection

Fineasis

240.4(D)(2)(2)

(a) OCPDsin accordance with 240.7 shall be marked for
use with 16 AWG copper conductor

(b) Delete

(c) changeto (b)

240.4(D)(3)

Overcurrent protection

Fineasis

240.4(D)(3)(2)

oy F ereoic] - I Th 2407
Kod.f it 14 AWG Lad-aburmi

conductor

{bybelete

240.4(D)(3)(2)

OCPDsin accordance with 240.7 shall be marked for use
with 14 AWG copper-clad aluminum conductor

240.4(E) Protected against overcurrent shall be permitted to have overcurrent protection in
accordance with the following
240.4(F) Overcurrent protection Fineasis
240.4(F) Overcurrent protective device OCPD
240.4(G). (X2) Overcurrent protection Fineasis
240.4(H) shall be provided with overcurrent protectionin
Protected against overcurrent accordance with
240.5 shall be provided with overcurrent protectionin
Protected against overcurrent accordance with
240.5(A) Overcurrent device OCPD
240.5(A) Protected against overcurrent Fixture wires shall be provided with overcurrent
protection in accordance with
240.5(A) Supplementary overcurrent protection Fineasis

240.5(B) Title

Branch-circuit overcurrent device.

Branch-Circuit Overcurrent protective Devices




240.9 Protection of conductors against overcurrent Fineasis
240.10. Title Supplementary Overcurrent protection Fineasis
240.10. Supplementary overcurrent protection Fineasis
240.10. Branch-Circuit overcurrent devices OCPDs
240.10. Supplementary overcurrent devices Supplementary OCPDs
240.11. (X2) Feeder overcurrent protective devices. Feeder OCPDs
240.11. (X2) Service overcurrent protective device. Service OCPD
240.15(A). Title Overcurrent device Overcurrent protective devicerequired
240.15(A) Overcurrent device OCPD
240.15(A) Overcurrent trip. Overcurrent relay Fineasis
240.15(B) Title Overcurrent device Circuit breaker as Overcurrent protective device
240.16 Branch circuit overcurrent protective devices OCPDs
240.21 Overcurrent Protection Fineasis
240.21 overcurrent protective device OCPD
240.21 (A) Overcurrent Protection Fineasis
240.21 (B) Overcurrent Protection Fineasis
240.21(B) (1) (1) (b) Overcurrent device(s) OCPDs
240.21 (B) (1) (1) (b) overcurrent protective device OCPD
240.21 (B)(1) (1) (4) Overcurrent device OCPD
240.21 (B) (1)(1) (4)In Overcurrent Protection Fineasis
240.21 (B)(2) (1) Overcurrent device OCPD
240.21 (B)(2) (2) Overcurrent devices OCPDs
240.21 (B) (3) (1) Overcurrent device OCPD
240.21 (B)(3) (2) Overcurrent device OCPD
240.21 (B) (4) (3) Overcurrent device OCPD
240.21 (B) (4) (4) Overcurrent device OCPD
240.21 (B) (4) (4) Overcurrent devices OCPDs
240.21 (B) (5)(2) Overcurrent device OCPD
240.21 (B) (5)(2) Overcurrent devices OCPDs
240.21 (B) (5) (3) Overcurrent device OCPD
240.21(C). (X2) Overcurrent Protection FineAsls
240.21(C) (). Title Titlechange Overcurrent Protective Device
240.21(C)(1) "..protected by overcurrent protection..." FineAsls
240.21(C) (1) Overcurrent protective device OCPD
240.21(C)(2)(1)(b) Overcurrent device(s) OCPDs




240.21(C)(2)(1)(b)

Overcurrent device OCPD
240.21(C)(2)(4) Overcurrent device OCPD
240.21(C)(2)(4) Overcurrent device OCPD
240.21(C)(2)(4) Overcurrent protection Fineasis
240.21(C)(3)(2) Overcurrent devices OCPDs
240.21(C)(3)(3) Overcurrent devices OCPDs
240.21(C)(4)(2) Overcurrent device OCPD
240.21(C)(4)(2) Overcurrent devices OCPDs
240.21(C)(4)(3) Overcurrent device OCPD

240.21(C)(5) Overcurrent Protection FineAsls
240.21(C)(6)(1) Overcurrent device OCPD
240.21 (D) Overcurrent devices OCPDs
240.21 (E) .shall be permitted to be protected against overcurrent] "..shall be permitted to have overcurrent protection.."
240.21 (F) .shall be permitted to be protected against overcurrent] "..shall be permitted to have overcurrent protection.."
240.21 (H). (X2) Overcurrent Protection FineAsls
240.22.(X2) Overcurrent device OCPD
240.24(A) Supplementary overcurrent protection Fineasis
240.24(A). (X4) Overcurrent protective devices OCPDs
240.24(B) Overcurrent devices OCPDs
240.24(B)(1). Title Feeder overcurrent protective devices Feeder OCPDs
240.24(B)(1) Service overcurrent protective devices Service OCPDs
240.24(B)(2). TITLE Branch-circuit overcurrent protective device Fineasis
240.24(B)(2). Branch-circuit overcurrent protective device Branch-Circuit OCPD
240.24(C) Overcurrent protective devices OCPDs
240.24(D) Overcurrent protective devices OCPDs
240.24(E) Overcurrent protective devices OCPDs
240.24(E) Supplementary overcurrent protection Fineasis
240.24(E) (X2) Overcurrent protective devices OCPDs
240.24(F) Overcurrent protective devices OCPDs
240.30(A) Overcurrent devices OCPDs
240.32 Overcurrent devices OCPDs
240.33 Overcurrent devices OCPDs
240.86 Overcurrent device OCPD
240.86(B) Overcurrent device OCPD
240.86(C) Overcurrent device OCPD




OCPD

240.87 Overcurrent device
240.90. Overcurrent protection Fineasis
240.91(B). (X2) Overcurrent device OCPD
240.92 Overcurrent device OCPD
240.92(A) beprotected shall be provided with overcurrent protection
240.92(C) Overcurrent protection Fineasis
240.92(C)(1)(2) Overcurrent device OCPD
240.92(C)(1)(2) protective devices Fineasis
240.92(C)(1)(3) Overcurrent devices OCPDs
240.92(C)(2)(2) Overcurrent device OCPD
240.92(C)(2)(2) (X3) Overcurrent devices OCPDs
240.92(C)(2)(3) Overcurrent relaying Fineasis
240.92(C)(2)(4) Overcurrent device OCPD
240.92(D) Overcurrent protection Fineasis
240.92(D)(2). (X3) Overcurrent devices OCPDs
240.92(D)(4) Overcurrent device OCPD
240.92(E) Overcurrent device OCPD
240.92(E) Overcurrent protection Fineasis
10 Article 242
242.14(ABC) Overcurrent device OCPD
242.16 Overcurrent protection Branch-circuit OCPD
10 Article 404
404.5 Overcurrent Devices OCPDs
10 Article 408
408.4(A) Overcurrent device OCPD
408.6 (X2) Overcurrent protection devices OCPDs
408.36. Title Overcurrent protection Fineasis
408.36. (X2) Overcurrent protective device OCPD
408.36. (X3) Overcurrent devices OCPDs
408.36(A) Overcurrent protection Fineasis
408.36(B) Overcurrent protection Fineasis
408.36(C) Overcurrent device OCPD
408.36(D) Overcurrent protection devices OCPDs
408.52 Overcurrent devices OCPDs
Overcurrent devices OCPDs

408.54




408.55 Overcurrent devices OCPDs




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-11

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
11 Article 409
409.21. TITLE Overcurrent Protection Fineasis
409.21(A) Overcurrent Protection Fineasis
409.21(B) Protection Overcurrent protection
409.21(B) overcurrent protective device OCPD
409.21(B) Overcurrent Protection Fineasis
409.21(C). (X2) overcurrent protective device OCPD
409.104 Overcurrent Devices OCPDs
11 Article 430
430.10(A) In. Overcurrent Device OCPD
430.22(G)(1)(2) Overcurrent Protection Fineasis
430.22(G)(1)(2) Overcurrent Protection Fineasis
430.22(G)(2)(1) Overcurrent Protection Fineasis
430.22(G)(2)(2) Overcurrent Protection Fineasis
430.28 Branc-Circuit protective device OCPD
430.28 Overcurrent Device OCPD
430.51 Overcurrent Fineasis
430.53(C)(5) Overcurrent Protection Fineasis
430.55 Overcurrent Protection Fineasis
430.61 Overcurrents Fineasis
430.62(A)Ex.2 Feeder Overcurrent protective device Feeder OCDP
430.62(A)Ex.2 Overcurrent Protection Fineasis
430.62(B) Feeder Overcurrent protective device Feeder OCDP
430.63Ex. Feeder Overcurrent device Feeder OCDP
430.63Ex. Overcurrent Protection Fineasis
430.72. Title Overcurrent Protection Fineasis
430.72(A) protected against overcurrent shall be provided with overcurrent protection in
accordance with
430.72(A) Branch-circuit overcurrent protective devices OCPDs
430.72(A) protected against overcurrent shall be provided with overcurrent protectionin

accordance with

430.72(B). (X2)

Overcurrent Protection

Fineasis

430.72(B)

Overcurrent Device

OCPD




430.72(B) Overcurrent Protection Fineasis
430.72(B)(1) (X3) Overcurrent Protection Fineasis
430.72(B)(2) Title Branch-circuit overcurrent protective device Fineasis
430.72(B)(2) (X2) protective devices OCPDs
430.72(C)Ex. Overcurrent Protection Fineasis
430.72(C)(3) Overcurrent Devices OCPDs
430.72(C)(4) Overcurrent Device OCPD
430.72(C)(5) Protection Overcurrent protection
430.87 Overcurrent Device OCPD
430.94. (X2) Overcurrent Protection Fineasis
430.94. (X3) Overcurrent protective device OCPD
430.109(A)7) Overcurrent protection Fineasis
430.109(B) Branch-circuit overcurrent device branch-circuit OCPD
430.111(A). (X2) Overcurrent Device Fineasis
430.112 Ex. Branch circuit protective device Suggest CMP to Review
430.206. Title Overcurrent protection Fineasis
430.206(B)(2) considered to have Overcurrent Overload
430.206(C) Fault-Current protection Suggest CMP to Review
430.207 Overcurrent (overload)Relays Fineasis
430.207 Overcurrent Relays Fineasis
11 Article 440
440.21 Overcurrent Fineasis
440.21 Overcurrent Protection Fineasis
440.22(B)(2)Ex. Overcurrent device OCPD
440.52(B) Overcurrent shall be provided with overcurrent protection
11 Article 460
460.9. Title Overcurrent Protection FineAsls
460.9. (X3) Overcurrent Device OCPD
460.25 Overcurrent Protection FineAsls
460.28(B) Overcurrent Device OCPD




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-12

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
12 Article 610
610. PartV Overcurrent Protection Fineasis
610.41(A) Overcurrent Devices OCPDs
610.43(A)(1) Branch Circuit Overcurrent Device OCPD
610.53 Title Overcurrent Protection Fineasis
610.53 be protected from Overcurrent shall be provided with overcurrent protection
610.53 Overcurrent Devices OCPDs
610.53(B) Branch Circuit Overcurrent Devices OCPDs
12 Article 620
620.12(A)(4) Overcurrent Protection Fineasis
620.22(A)(2) Title Overcurrent protective device Fineasis
620.22(A)(2) Overcurrent Device protecting branch-circuit OCPD
620.22(A)(2) Overcurrent Device OCPD
620.22(B) Overcurrent Device protecting branch-circuit OCPD
620.22(B) Overcurrent Device OCPD
620.25 Title Overcurrent Devices Overcurrent Protective Devices
620.25. (X2) Overcurrent Devices OCPDs
620.53 Overcurrent protective device OCPD
620.54 Overcurrent protective device OCPD
620.55 Overcurrent protective device OCPD
Art 620 Part VII Overcurrent Protection Fineasis
620.61 Overcurrent Protection Fineasis
620.61(A). (X2) be protected against Overcurrent shall be provided with overcurrent protection
620.62(A) Overcurrent protective devices, (OCPD) OCPDs
620.62(B) OCPDs Fineasis
620.62(C) OCPDs. And. Overcurrent Devices Fineasis. And. OCPDs
620.62 Overcurrent protective devices OCPDs
620.65. (X3) Overcurrent Devices OCPDs
12 Article 625
625.60(C). (X4) Overcurrent Protection Fineasis
12 Article 627
627.41 Overcurrent Protection Fineasis
627.41(A) Overcurrent Protection Fineasis




627.41(B) Overcurrent Devices OCPDs
12 Article 630
630.12 Overcurrent Protection Fineasis
630.12 Overcurrent Device OCPD
630.12(A). (X2) Overcurrent Protection Fineasis
630.12(A). (X5) Overcurrent Device OCPD
630.13 Overcurrent Protection Fineasis
630.32 Overcurrent Protection Fineasis
630.32 Overcurrent Device OCPD
12 Article 640
640.9(C) Overcurrent Protection Fineasis
640.22 Overcurrent protection devices OCPDs
640.22 Overcurrent Devices OCPDs
640.43 Overcurrent protection devices OCPDs
12 Article 645
645.27 Overcurrent protective devices, (OCPD) OCPDs
645.27 Overcurrent protective devices OCPDs
12 Article 646
646.7. (X11) Overcurrent Protection Fineasis
12 Article 647
647.5 Overcurrent Protection Fineasis
12 Article 650
650.9 Overcurrent Protection Fineasis
650.9 Overcurrent Device OCPD
12 Article 660
660.7 Overcurrent Protection Fineasis
660.7(A) Overcurrent protective devices OCPDs
660.7(B) Overcurrent Devices OCPDs
660.7(B) Overcurrent Protection Fineasis
660.9 Overcurrent Devices OCPDs
12 Article 665
665.24 Overcurrent Protection Fineasis
12 Article 668
668.4(C)(2) Overcurrent Protection Fineasis
668.21 Overcurrent Protection Fineasis




668.21 Overcurrent Device OCPD
12 Article 669
669.9 Overcurrent Protection Fineasis
669.9 be protected from Overcurrent shall be provided with overcurrent protection
12 Article 670
670.1 Overcurrent Protection Fineasis
670.4(B). (X3) Overcurrent Protection Fineasis
670.5. (X4) Overcurrent Protection Fineasis
670.5(C). (X2) Overcurrent protective device OCPD
12 Article 685
685.10. Overcurrent Devices OCPDs




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-13

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
13 Article 100
Emerg.Power Supply Systems (EPSS) overcurrent protection devices overcurrent protective devices (OCPDs)
Transfer-Switch B-C Emerg. Ltg. branch-circuit overcurrent device branch-circuit overcurrent protective device (OCPD)
13 Article 130
130.80(C) overcurrent devices OCPDs
130.80(C) branch-circuit overcurrent device OCPD
13 Article 445
445,11 Overcurrent protective Relay Fineasis
445.12. Title Overcurrent Protection Fineasis
445.12(A) Overcurrent protective means Overcurrent protection means
445.12(B) Overcurrent Protection Fineasis
445.12(B) (X2) Overcurrent Device OCPD
445.12(C) Overcurrent Device OCPD
445.12(D) Overcurrent Devices OCPDs
445.12(E). (X3) Overcurrent Devices OCPDs
445.13(A). (X2) Overcurrent Protection Fineasis
445.13(B). Title Overcurrent protection Fineasis
445.13(B). Overcurrent protective device OCPD
445.13(B) Overcurrent Relay Fineasis
13 Article 455
455.7 Overcurrent Protection FineAsls
455.7 protected from Overcurrent shall be provided with overcurrent protectionin
accordance with
455.7(A) Overcurrent Protection FineAsls
455.7(B) Overcurrent Protection FineAsls
13 Article 480
480.4(B)IN.2 Overcurrent Protection FineAsls
480.6. (X2) Overcurrent Protection FineAsls
480.7 Overcurrent Device OCPD
13 Article 695
695.4(C) Overcurrent protective devices OCPDs
695.4(H). Title Overcurrent Device Selection Overcurrent Protective Device Selection
695.4(H) Overcurrent Devices OCPDs




695.5 Overcurrent Device OCPD
695.5 Overcurrent protective devices OCPDs
695.5 Overcurrent Protection Fineasis
695.6 Overcurrent protective devices OCPDs
695.6 Overcurrent Devices OCPD
695.6 Overcurrent Protection Fineasis
695.7(A)(2) Overcurrent Devices OCPDs
695.7 Overcurrent Protection Fineasis
13 Article 700
700.4(F)(8) Overcurrent protective devices, (OCPD) OCPDs
700.6(E) Overcurrent protective device OCPD
700.10(B). (X6) Overcurrent Protection Fineasis
700.10(B)(6)(b)(ii) Overcurrent protective device OCPD
700.10(B)(6)(e) Overcurrent protective devices OCPDs
Art. 700 Part VI Overcurrent Protection Fineasis
700.30. Branch-circuit overcurrent devices OCPDs
700.32(A) Overcurrent protective devices, (OCPDs) OCPDs
700.32(A) In Overcurrent Protection Fineasis
700.32(C) Overcurrent Devices OCPDs
13 Article 701
701.6(C) Overcurrent protective device OCPD
701.10(B)(1). (X5) Overcurrent Protection Fineasis
701.10(B)(1) Overcurrent protective device OCPD
Art. 701. Part IV Overcurrent Protection OCPDs
701.30. Branch-Circuit Overcurrent devices Branch-Circuit OCPDs
701.32(A). (X2) Overcurrent protective devices, OCPDs OCPDs
701.32(B). (X3) OCPDs Fineasis
701.32(C). (X2) OCPDs Fineasis
701.32(C)Ex Overcurrent Devices OCPDs
701.32(C)In2 OCPD and OCPDs Fineasis
13 Article 702
702.5(C) Overcurrent protective device OCPD
13 Article 706
706.15(E)(1) Overcurrent Device OCPD
706.30(B) Overcurrent Devices OCPDs




706.31 Title Overcurrent Protection Fineasis
706.31(A) shall be protected at the source from overcurrent. shall be provided with overcurrent protection at the
source
706.31(A) shall be protected from overcurrent. shall be provided with overcurrent protection
706.31(A) In Overcurrent Device OCPD
706.31(B). Title Overcurrent Device Overcurrent Protective Device
706.31(B) Overcurrent protective devices OCPDs
706.31(B) Overcurrent devices OCPDs
706.31(C) Overcurrent protective devices OCPDs
706.31(E) Overcurrent Protection Fineasis
706.33(B)(2) Overcurrent Device OCPD
13 Article 708
708.10(B) Overcurrent Protection Fineasis
708.24(E) Overcurrent protective device OCPD
Art. 708. Part IV Overcurrent Protection Fineasis
708.50. Feeder-and Branch-circuit overcurrent devices Feeder- and Branch-circuit OCPDs
708.52(B) Overcurrent Devices OCPDs
708.54(A) Overcurrent protective devices, (OCPD) OCPDs
708.54(A). (B). (C) OCPDs Fineasis
708.54 Overcurrent Devices OCPDs




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-14

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
14 Article 500
500.30(A)(2) Branch Circuit Overcurrent Protection OCPD
500.30. Overcurrent Protection Fineasis
14 Article 501
501.105(B)(5) Overcurrent Protection Fineasis
501.125(B)(2) Motor Overcurrent Fineasis
14 Article 502
502.120(A) Overcurrent Devices OCPDs
502.120(B)(1) Overcurrent Devices OCPDs
502.125 Motor Overcurrent Fineasis
14 Article 505
505.30(A)(2) Branch Circuit Overcurrent Protection OCPD
505.30. Overcurrent Protection Fineasis
14 Article 506
506.30. Branch Circuit Overcurrent Protection OCPD
506.30. Overcurrent Protection Fineasis




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-15

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
15 Article 100
Bull Switch Overcurrent protection Fineasis
15 Article 517
517.17(B) Overcurrent protective devices OCPDs
517.31(G). (X5) Overcurrent protective devices OCPDs
517.31(G) Overcurrent Fineasis
517.33((C). (X5) Overcurrent protective devices OCPDs
517.42(F) Overcurrent protective devices OCPDs
517.42(F) Overcurrent Fineasis
517.73 Overcurrent Protection Fineasis
517.73(A) Overcurrent protective devices OCPDs
517.73(B) Overcurrent protective devices OCPDs
517.73(B) Overcurrent Protection Fineasis
517.74(B) Overcurrent protective devices OCPDs
517.160(A)(2) Overcurrent Protection Fineasis
517.160(A)(2) Overcurrent protective device OCPD
517.160(A)(2) be protected against Overcurrent be provided with overcurrent protection
517.160(A)(3) Overcurrent protective devices OCPDs
517.160(B)(1) Overcurrent protective devices OCPDs
15 Article 518
518.7(A)(1) Overcurrent Protection Fineasis
518.17(A)(1)and (2) Overcurrent Devices OCPDs
15 Article 520
520.9 Branch Circuit Overcurrent Device OCPD
520.21 Overcurrent protective devices OCPDs
520.25. (X3) Overcurrent Protection Fineasis
520.26 Overcurrent protective devices OCPD
520.26.(X3) Overcurrent Protection Fineasis
520.27.(X2) Overcurrent Device OCPD
520.44-T Overcurrent Devices OCPD
520.50(C) Overcurrent Protection Fineasis
520.50. Branch-circuit overcurrent protective device OCPDs
520.52 Overcurrent Protection Fineasis




520.53(A) Overcurrent protective devices OCPDs
520.53(D) Overcurrent Protection Fineasis
520.54 Overcurrent Devices OCPDs
520.54(D) Overcurrent Device OCPD
520.54(D)(1)and (2) Overcurrent protective devices OCPD
520.54(E) Overcurrent protective device OCPD
520.54(E). (X4) Overcurrent protection device OCPD
520.54(E) Overcurrent Devices OCPDs
520.54(K) Overcurrent Device OCPD
520.68 Overcurrent protective device OCPD
520.68(3) Overcurrent Device OCPD
520.68(4) Overcurrent protective device OCPD
520.68(6) Overcurrent Devices OCPDs
520.68(C) Overcurrent Protection Fineasis
15 Article 522
522.10(A)(2). (X3) Overcurrent Devices OCPDs
522.10(A)(2 Overcurrent protective device OCPD
522.10(B). (X4) Overcurrent Devices OCPDs
522.23. (X3) Overcurrent Protection Fineasis
15 Article 525
525.12 Overcurrent Device OCPD
525.23(B) Overcurrent Device OCPD
525.23(C). (X2) Overcurrent Protection Fineasis
15 Article 530
530.9(A) Branch-circuit overcurrent device Branch-circuit OCPD
530.10(C) Overcurrent Protection Fineasis
530.23 and (A) Overcurrent Protection Fineasis
530.23(B) Overcurrent protective devices OCPDs
530.23(D) Overcurrent Protection Fineasis
530.42 Overcurrent Protection Fineasis
15 Article 540
540.11(B) Overcurrent Devices OCPDs




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-16

CMP

NEC Section (using First Draft of 2026 NEC)

Current Language

"New" Language

16

Article 830

830.15. (X4)

Overcurrent Protection

Fineasis




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-17

cMP NEC Section (using First Draft of 2026 NEC) | Current Language | "New" Language
17 Article 422
422.5(C) Branch-circuit overcurrent protective device Branch-Circuit OCPD
422.11. Title Overcurrent Protection Fineasis
422.11 protected against overcurrent shall be provided with overcurrent protection
422.11(A) Overcurrent Protection Fineasis
422.11(A) Branch-circuit overcurrent protective device Branch-Circuit OCPD
422.11(B) Overcurrent Protection OCPDs
422.11(C) Overcurrent Protection OCPDs
422.11(D) Overcurrent protective devices OCPDs
422.11(E) Overcurrent Protection Fineasis
422.11(E)(1) Overcurrent Protection Fineasis
422.11(E)(2) Overcurrent Protection Fineasis
422.11(E)(3) Overcurrent Protection OCPD
422.11(E)(3) Overcurrent Device OCPD
422.11(F)(1) Supplementary Overcurrent Protective Devices Supplementary OCPDs
422.11(F)(1) Overcurrent Protective Devices OCPDs
422.11(G) Overcurrent Protective Devices OCPDs
422.13 Overcurrent Protection Fineasis
422.31(A) Branch-circuit overcurrent protective device Branch-Circuit OCPD
422.60(A) Overcurrent Protection Fineasis
422.62(B)(1). (X2) Overcurrent protective device OCPD
17 Article 424
424.19 Supplementary Overcurrent Protective Devices Supplementary OCPDs
424.19(A) Supplementary Overcurrent Protection Fineasis
424.19(A) Supplementary Overcurrent Protection Fineasis
424.19(A) Supplementary Overcurrent Protective Device(s) Supplementary OCPDs
424.19(B) Supplementary Overcurrent Protection Fineasis
424.22 Overcurrent Protection Fineasis
424.22(A) Overcurrent Protection Fineasis
424.22(A) protected against overcurrent "..shall be permitted to have overcurrent protection.."
424.22(B) Supplementary Overcurrent Protective Device Supplementary OCPD

424.22(C). Title

Overcurrent Protective Devices

Fineasis

424.22(C)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs




424.22(C)

Overcurrent Protection

Fineasis

424.22(C)

Supplementary Overcurrent Protection

Fineasis

424.22(D) (X2)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

424.22(E). (X3)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

424.72 Overcurrent Protection Fineasis
424.72(A) Overcurrent protective device OCPD
424.72(B) Overcurrent protective device OCPD

424.72(C). Title Supplementary Overcurrent Protective Devices Fineasis
424.72(C) Supplementary Overcurrent Protective Devices Supplementary OCPDs
424.72(C) Overcurrent Protection Fineasis

424.72(D). Title Supplementary Overcurrent Protective Devices Fineasis
424.72(D). Supplementary Overcurrent Protective Devices Supplementary OCPDs
424.72(D) Overcurrent protective device OCPD
424.72(E) Supplementary Overcurrent Protective Devices. (X3) Supplementary OCPDs

424.82 Overcurrent protective devices OCPDs

17 Article 425

425.19 Supplementary Overcurrent Protective Devices Supplementary OCPDs

425.19(A). (X2) Supplementary Overcurrent Protection Fineasis
425.19(A) Supplementary Overcurrent Protective Devices Supplementary OCPDs
425.19(B) Supplementary Overcurrent Protection Fineasis

425.22. Title Overcurrent Protection Fineasis
425.22(A) Overcurrent Protection Fineasis
425.22(A) protected against overcurrent "..shall be permitted to have overcurrent protection.."
425.22(B) Supplementary Overcurrent Protective Device Supplementary OCPD

425.22(C). Title Overcurrent Protective Devices Fineasis
425.22(C) Supplementary Overcurrent Protective Devices Supplementary OCPDs

425.22(C). (X2) Supplementary Overcurrent Protection Fineasis

Supplementary Overcurrent Protective Devices Fineasis

425.22(D). Title

425.22(D). (X2)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

425.22(E) (X3)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs

425.72 Overcurrent Protection Fineasis
425.72(A) Overcurrent protective device OCPD
425.72(B) Overcurrent protective device OCPD

425.72(C). Title Supplementary Overcurrent Protective Devices Fineasis

425.72(C)

Supplementary Overcurrent Protective Devices

Supplementary OCPDs




425.72(C) Overcurrent Protection Fineasis
425.72(D) Overcurrent protection Fineasis
425.72(E). Title Supplementary Overcurrent Protective Devices Fineasis
425.72(E) Supplementary Overcurrent Protective Devices Supplementary OCPDs
425.72(E) Overcurrent Protective Devices OCPD
425.72(F). (X3) Supplementary Overcurrent Protective Devices Supplementary OCPDs
425.82 Overcurrent protective devices OCPDs
17 Article 427
427.57 Overcurrent Protection Fineasis
427.57 considered protected against Overcurrent considered to have overcurrent protection
17 Article 680
680.10.(A)& (B)(2) Overcurrent protective devices OCPDs
680.23(F)(2) Overcurrent Protection Fineasis




CMP-10 TG-4 Review of Overcurrent Language for the Articles undeer the purview of CMP-18

cMP NEC Section (using First Draft of 2026 NEC) Current Language "New" Language
18 Article 393
393.45. Title Overcurrent ...... Protection Overcurrent Protection ....

393.45(A) Overcurrent Protection Fineasis

18 Article 406
406.46(F) Overcurrent Device OCPD

18 Article 410
410.59(A) Branch-circuit overcurrent devices Branch-Circuit OCPD
410.153 Overcurrent Protection Fineasis

18 Article 600

600.41

Overcurrent

CMP to Review




| Q\) IPuinc Comment No. 1990-NFPA 70-2024 [ Global Input ]
NFPA

Make the Definition of Portable (as applied to equipment) applicable through the Code, assign to CMP-1, and
revise definition as follows:

Portable (as applied to equipment)
Equipment that is moved from one place to another in normal use. (CMP-1)

Statement of Problem and Substantiation for Public Comment

This comment is in support of the Correlating Committee Note No. 145 which directed CMP-17 to consider revising the
definition "Portable (as applied to equipment)" to be applicable throughout the Code. The text of the definition is revised to be
general, yet specific enough to address one particular concern: equipment with wheels attached. Just because equipment
has wheels does not mean it should be considered portable by default. Wheels may be used solely for positioning, or
manufacturers may add wheels to list equipment to UL standards for portable equipment, while the equipment is not truly
meant to be portable nor do the installations instructions allow actual portability. This may create an illusion for enforcement
that code requirements should not apply, for example Article 480 Stationary Batteries. Attaching wheels to a 1500Ib battery
and inverter stack which is hardwired into premises wiring doesn't make that equipment truly portable (even if listed to UL
2743 as a portable power pack).

FCR-155 stated that the term “stationary” is a commonly used adjective and can be applied in requirements without the need
for a unique definition in Article 100 - and has thus been deleted. That makes it even more important to define portable
adequately and correctly for equipment. This comment is made globally to draw attention to the question of whether Article-
specific definitions of portable and/or stationary might be needed for additional clarity.

Related Item
* FCR 155, CN145

Submitter Information Verification

Submitter Full Name: Rebekah Hren

Organization: IPPNC LLC

Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 28 14:23:55 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected
Action:

Resolution: This definition is specific to Article 680 because its usage in Article 680 is unique. Portable immersion pools
are an example. The "global" definition of portable would not make sense in the context of swimming pool-
related equipment




| Q\) 'Public Comment No. 479-NFPA 70-2024 [ Definition: Appliance. ]
NFPA

Appliance.

Utilization equipment, generally other than industrial, that 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, and deep frying. (CMP-17)

Additional Proposed Changes

File Name Description Approved
CN_126.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 126 appeared in the First Draft Report on First Revision No. 8854.

The Correlating Committee directs CMP-17 to review the definition “appliance” and consider placing
the examples in an informational note to comply with the NEC Style
Manual 2.1.2.5.

Related Item
* First Revision No. 8854

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 30 19:34:59 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8418-NFPA 70-2024

Statement: The examples of appliances were moved to a new informational note to comply with the NEC Style Manual

2.1.2.5. The appliance functions were changed to refer to the appliances (“washing” to “washers”, “frying” to
“fryers”, etc)




| * ICorreIating Committee Note No. 126-NFPA 70-2024 [ Definition: Appliance. ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Wed May 08 15:00:12 EDT 2024

Committee Statement

Committee The Correlating Committee directs CMP-17 to review the definition “appliance” and
Statement: consider placing the examples in an informational note to comply with the NEC Style
Manual 2.1.2.5.

First Revision No. 8854-NFPA 70-2024 [Definition: Appliance.]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 5-NFPA 70-2024 [ Definition: Appliance. ]
NFPA

Appliance.

Utilization equipment, generally other than industrial, that 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,_but not limited to,_ clothes washing, air-
conditioning, food mixing, and deep frying. (CMP-17)

Statement of Problem and Substantiation for Public Comment

The proposed FR wording can appear to be more restrictive than intended and may be construed to apply only to the
appliances in the list. The addition of "but not limited to" clarifies that the list constitutes examples.

Related Item
» FR-8854-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:04:25 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8418-NFPA 70-2024

Statement: The examples of appliances were moved to a new informational note to comply with the NEC Style Manual

2.1.2.5. The appliance functions were changed to refer to the appliances (“washing” to “washers”, “frying” to
“fryers”, etc)




| Q\) 'Public Comment No. 491-NFPA 70-2024 [ Definition: Low-Voltage Contact Limit. ]
NFPA

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

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

(
(
(3) 30 volts for continuous dc
(
(CMP-17)

Additional Proposed Changes

File Name Description Approved
CN_138.pdf

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 138 appeared in the First Draft Report on First Revision No. 9010.

The Correlating Committee directs CMP-17 to review the definition “low-voltage contact limit” regarding the term having
requirements and not complying with the NEC Style Manual 2.1.2.5. This needs to be sent to CMP-7 for correlation.

Related Item
* First Revision No. 9010

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 30 19:56:38 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected
Action:

Resolution:  The definition includes characteristics to categorize a voltage level as Low-Voltage vs not Low-Voltage. It
does not provide requirements, rather, provides description categorizing a voltage source. The requirements
are found in individual Articles, such as Art. 422, 555, 680.




| * ICorreIating Committee Note No. 138-NFPA 70-2024 [ Definition: Low-Voltage
NFPA

Contact Limit. ]

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Wed May 08 15:50:08 EDT 2024

Committee Statement

Committee The Correlating Committee directs CMP-17 to review the definition “low-voltage
Statement: contact limit” regarding the term having requirements and not complying with the NEC
Style Manual 2.1.2.5. This needs to be sent to CMP-7 for correlation.

First Revision No. 9010-NFPA 70-2024 [Definition: Low-Voltage Contact Limit.]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 496-NFPA 70-2024 [ Definition: Pool, Permanently Installed Swimming,
NFPA
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, partially in the ground, above ground, inside of a
building, or on a building, whether or not served by electrical circuits. (680) (CMP-17)

Additional Proposed Changes

File Name Description Approved
CN_143.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 143 appeared in the First Draft Report on First Revision No. 9012.

The Correlating Committee directs CMP-17 to review the definition “Pool, Permanently Installed
Swimming” and consider the term as “Pool, Permanently Installed” and use alternate terms for the
various types of permanently installed pools. Additionally,

beginning the first sentence of the definition with the word “pools” adds clarity.

Related Item
* First Revision No. 9012

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 30 20:09:18 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8400-NFPA 70-2024

Statement: The descriptors “Swimming, Wading...... ” were removed from the definition title, as these are already used

in the definition of Pool. Additionally, “Those” was changed to “A pool” for clarity.




| * ICorreIating Committee Note No. 143-NFPA 70-2024 [ Definition: Pool,
NFPA

Permanently Installed Swimming, Wading, |... ]

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Wed May 08 16:53:23 EDT 2024

Committee Statement

Committee  The Correlating Committee directs CMP-17 to review the definition “Pool, Permanently

Statement: Installed Swimming” and consider the term as “Pool, Permanently Installed” and use
alternate terms for the various types of permanently installed pools. Additionally,
beginning the first sentence of the definition with the word “pools” adds clarity.

First Revision No. 9012-NFPA 70-2024 [Definition: Pool, Permanently Installed Swimming, Wading,
L..]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.

Schultheis, Timothy James




Williams, David A.




| Q\) 'Public Comment No. 495-NFPA 70-2024 [ Definition: Pool, Storable (Storable Immersion Pool).
NFPA

(Stor... ]

Pool, Storable (Storable Immersion Pool). (Storable Pool)

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

Informational Note: A storable pool that is installed with a permanent deck around all or a portion of its
perimeter is considered a permanently installed pool.

Additional Proposed Changes

File Name Description Approved
CN_142.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 142 appeared in the First Draft Report on First Revision No. 9014.

The Correlating Committee directs CMP-17 to review the definition “Pool, Storable” and revise the informational note to
comply with the NEC Style Manual 2.1.10.2 as it contains an interpretation.

Related Item
* First Revision No. 9014

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 30 20:06:36 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8401-NFPA 70-2024

Statement: Informational note that was included was an interpretation of the definition. This would not comply with the

NEC Style Manual (2.1.10.2). Therefore, this was relocated to 680.30 as a requirement.




| * ICorreIating Committee Note No. 142-NFPA 70-2024 [ Definition: Pool,
NFPA

Storable; used for Swimming, Wading, or I... ]

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Wed May 08 16:52:11 EDT 2024

Committee Statement

Committee The Correlating Committee directs CMP-17 to review the definition “Pool, Storable”
Statement: and revise the informational note to comply with the NEC Style Manual 2.1.10.2 as it
contains an interpretation.

First Revision No. 9014-NFPA 70-2024 [Definition: Pool, Storable; used for Swimming, Wading, or 1...]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) IPuinc Comment No. 7-NFPA 70-2024 [ Definition: Pool, Storable (Storable Immersion Pool).
NFPA
(Stor... ]

Pool, Storable (Storable Immersion Pool). (Storable Pool)

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

Informational Note: A storable pool that is instattee-with-apermanent-deck-around- assembled on-site in

accordance with the manufacturer's instructions and which abuts a permanent deck which is part of the pool

a portion of its-the pool's perimeter,_is considered a permanently installed pool.

Statement of Problem and Substantiation for Public Comment

There is an unintended consequence in the revised FR wording. As written, the Informational Note can be misconstrued to
mean that a storable pool sitting on a patio ("deck") that surrounds it is permanently installed, particularly given the
expansion of the vertical criteria for a perimeter surface in680.26(B) from 2 ft below max water level to 3 ft. As written, this
Informational Note can be construed to mean that a small storable "kiddie wading pool" sitting on a concrete patio ("deck"
within 3 ft vertically of the maximum water level") is a permanently installed pool, which was never the intent of the Panel.
The proposed revised wording in the IN provides clarification.

Related Item
* FR 9014-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:09:53 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8401-NFPA 70-2024

Statement: Informational note that was included was an interpretation of the definition. This would not comply with the

NEC Style Manual (2.1.10.2). Therefore, this was relocated to 680.30 as a requirement.




| Q\) 'Public Comment No. 494-NFPA 70-2024 [ Definition: Pool. ]
NFPA

Pool.

Manufactured or field-constructed equipment designed to contain water and intended for use by persons for
swimming, wading, immersion, recreational, or therapeutic purposes, but not including bodies of water incorporated
as part of an industrial process, lakes, lagoons, surf parks, or other natural and artificially made bodies of water that
could 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.

Additional Proposed Changes

File Name Description Approved
CN_141.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 141 appeared in the First Draft Report on First Revision No. 9017.

The Correlating Committee directs CMP-17 to review the definition “Pool” and

consider having the definition state what a “pool” is and reference examples that are not pools in
an informational note. That information could also be contained in the

scope of the article.

Related Item
* First Revision No. 9017

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 30 20:05:08 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:
Resolution:  SR-8406-NFPA 70-2024
Statement: “Leisure river attraction” was added as a new informational note to clarify that this type of attraction is a pool

and subject to the applicable provisions of Art 680. The term “Leisure River” is used instead of “Lazy River”
to correlate with other codes such as ISPSC (International Swimming Pool and Spa Code).

Informational Note 2 was added to clarify what is not a pool, and this was removed from the body of the
Definition, in accordance with Correlating Committee PC 494.




| * ICorreIating Committee Note No. 141-NFPA 70-2024 [ Definition: Pool. ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Wed May 08 16:50:58 EDT 2024

Committee Statement

Committee The Correlating Committee directs CMP-17 to review the definition “Pool” and

Statement: consider having the definition state what a “pool” is and reference examples that are
not pools in an informational note. That information could also be contained in the
scope of the article.

First Revision No. 9017-NFPA 70-2024 [Definition: Pool.]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 8-NFPA 70-2024 [ Definition: Pool. ]
NFPA

Pool.

Manufactured or field-constructed equipment designed to contain water and intended for use by persons for
swimming, wading, immersion, recreational, or therapeutic purposes, including_"lazy river" and similar attractions,
but not including bodies of water incorporated as part of an industrial process, lakes, lagoons, surf parks, or other
natural and artificially made bodies of water that could 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 Comment

"Lazy river" attractions have been discussed in the panel, in the light that such attractions are pools which are intended to be
included under Art. 680; however, the FR wording is not explicit in that regard. A recent fatal incident involving such an
attraction justifies clarifying the text to explicitly identify these types of facilities as pools and not as natural and artificially-
made bodies of waters.

Related Item
* FR 9017-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:15:20 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:
Resolution:  SR-8406-NFPA 70-2024
Statement: “Leisure river attraction” was added as a new informational note to clarify that this type of attraction is a pool

and subject to the applicable provisions of Art 680. The term “Leisure River” is used instead of “Lazy River”
to correlate with other codes such as ISPSC (International Swimming Pool and Spa Code).

Informational Note 2 was added to clarify what is not a pool, and this was removed from the body of the
Definition, in accordance with Correlating Committee PC 494.




| Q\) 'Public Comment No. 498-NFPA 70-2024 [ Definition: Portable (as applied to equipment). ]
NFPA

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)

Additional Proposed Changes

File Name Description Approved
CN_145.pdf

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 145 appeared in the First Draft Report.

The Correlating Committee directs CMP-17 to review the definition “Portable (as applied to equipment)” and consider
revising this term to apply throughout the code.

Related Item
* Correlating Committee Note No. 145

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 30 20:23:46 EDT 2024
Commiittee: NEC-P17

Committee Statement

Committee Rejected
Action:
Resolution: This definition is specific to Article 680 because its usage in Article 680 is unique. Portable immersion pools

are an example. The "global" definition of portable would not make sense in the context of swimming pool-
related equipment




| * ICorreIating Committee Note No. 145-NFPA 70-2024 [ Definition: Portable (as
NFPA

applied to equipment). ]
Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Wed May 08 17:02:01 EDT 2024

Committee Statement

Committee The Correlating Committee directs CMP-17 to review the definition “Portable (as
Statement: applied to equipment)” and consider revising this term to apply throughout the code.

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) IPuinc Comment No. 1733-NFPA 70-2024 [ New Definition after Definition: Concealed Knob-
NFPA
and-Tube Wi... ]

TITLE OF NEW CONTENT
New definition in Article 100 after Concealed Knob-and-Tube Wiring

Statement of Problem and Substantiation for Public Comment
A new definition for Conductive Pavement Heating System has been added to Article 100 for this new technology.

This is a new definition to be added to support 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 several 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.

This new definition is being recommended to be under the purview of CMP-17 and applicable to Article 426 only.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 1734-NFPA 70-2024 [Section No. 426.1]
Public Comment No. 1735-NFPA 70-2024 [Sections Part VI., 426.50, 426.51]
Public Comment No. 1734-NFPA 70-2024 [Section No. 426.1]
Public Comment No. 1735-NFPA 70-2024 [Sections Part VI., 426.50, 426.51]
Related Item
* P1 3479 and Cl 8998

Submitter Information Verification

Submitter Full Name: Charles Mello

Organization: Cdcmello Consulting Lic

Affiliation: State of lowa Department of Transportation
Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 26 19:47:42 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: R- -NFPA 70-2024

Statement: This definition is necessary for the proper application of the new Part VI of Article 426 and to recognize

this new technology.




| Q\) IPuinc Comment No. 1590-NFPA 70-2024 [ Section No. 422.5 ]

NFPA

422.5 GFCI Protection.

GFClI protection shall be provided in accordance with 422.5(A) through 422.5(C). Multiple GFCI devices shall be
permitted but shall not be required.

(A) Circuit Rating.

The appliances indicated in 422.5(B) shall be GFCI protected if supplied by branch circuits that meet all the following
conditions:

(1) Exceed the low-voltage contact limit, as defined in Article 100

(2) Do not exceed 150 volts to ground

(3) Do not exceed 60 amperes single-phase or 100 amperes 3-phase
(B) Appliances.

The following appliances shall be GFCI protected:

(C) Type and Location.
The GFCI shall be readily accessible, listed, and located in one or more of the following locations:

(1) Within-the-braneh-ciretit overctrrent protective device
2 |

i s it

(3) _an integral part of the attachment plug

(4) Within the supply cord not more than 300 mm (12 in.) from the attachment plug
(5) Factory installed within the appliance

Statement of Problem and Substantiation for Public Comment

The suggested change removes the conflict between 210.8 and 422. the scope of Article 422 is "This article covers electrical
appliances used in any occupancy." The UL standard for Appliances UL 751 has a requirement for GFCI protection in a
vending machine is section 16.1.4 which states "A cord-connected vending machine shall be provided with a factory installed
ground-fault

circuit-interrupter (GFCI)." Section 16.1.5 states that "The GFCI shall comply with UL 943 and be either: a) An integral part
of the attachment plug; or b) Located such that it is in the supply cord within 12 in (305 mm) of the attachment plug."

GFCI requirements for specific appliances is not encroaching on the scope of Article 422 because the GFCI requirements
are not there to protect the appliance. GFCI requirements provide protection for personnel which is the purview of Section
210.8. The significance of placing the requirements in 210.8 ensures that the branch circuit includes the GFCi protection
regardless of the vintage of appliance that is installed on that circuit.

Related Item

* FR 8871

Submitter Information Verification




Submitter Full Name: Thomas Domitrovich
Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 24 13:13:10 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected
Action:

Resolution: Article 422 covers electrical appliances; thus the requirements are retained in the article. The issue of which
article has purview over these requirements was addressed by a task group that was formed at the direction
of the Correlating Committee. The recommendation of that task group was to remove the requirements from
Article 210 and allow Article 422 to cover the subject.




| Q\) IPuinc Comment No. 1900-NFPA 70-2024 [ Section No. 422.5 ]
NFPA

422.5 GFCI Protection.

GFCI protection shall be provided in accordance with 422.5(A) through 422.5(€ D ). Multiple GFCI devices shall be
permitted but shall not be required.

(A) Circuit Rating.

The appliances indicated in 422.5(B) shall be GFCI protected if supplied by branch circuits that meet all the following
conditions:

(1) Exceed the low-voltage contact limit, as defined in Article 100
(2) Do not exceed 150 volts to ground
(3) Do not exceed 60 amperes single-phase or 100 amperes 3-phase
(B) Appliances.
The following appliances shall be GFCI protected:

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 No. 1: See 210.8 for GFCI protection requirements for branch-circuit outlets where covered
locations warrant such protection.
Informational Note No. 2: Electrically cooled drinking water fountains are one type of drinking water cooler.

If GFCI protection is required on the following appliances as per 210.8(A), the GFCI shall be listed and
identified as High Frequency (HF):

1) _Refrigerators

(
(2) HVAC appliances

(D). Type and Location.
The GFCI shall be readily accessible, listed, and located in one or more of the following locations:

1) Within the branch-circuit overcurrent protective device

2) In a device or outlet within the supply circuit

(

(

(3) Inan integral part of the attachment plug

(4) Within the supply cord not more than 300 mm (12 in.) from the attachment plug
(

5) Factory installed within the appliance

Statement of Problem and Substantiation for Public Comment

The UL 943 standard for GFCls is being updated to reduce nuisance tripping on loads which contain modernized electrical
components such as variable frequency drives.

The next version of the UL 943 draft (expected Q3/Q4 2024) will introduce requirements for the High Frequency (HF) rating.
GFCls which meet pass the additional HF tests will be less prone to nuisance tripping.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 1902-NFPA 70-2024 [New Definition after Definition: Ground-Fault Circuit
Inter...]




Related Item
*FR 7788

Submitter Information Verification

Submitter Full Name: Greg Woyczynski
Organization: Association of Home Appliance
Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 27 21:59:31 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but see related SR
Action:

Resolution: SR-8447-NFPA 70-2024

Statement: UL 943 is anticipated to be updated to include new specifications for a High Frequency (HF) GFCI. This GFCI
will be required due to efficiency regulations which will require incorporation of High Frequency components
in these appliances. Use of an updated GFCI on an appliance will help to reduce instances of unwanted
tripping. An effective date was included since currently there are no listed products meeting this requirement.




| Q\) IPuinc Comment No. 1994-NFPA 70-2024 [ Section No. 422.5 ]
NFPA

Statement of Problem and Substantiation for Public Comment

this public comment is being offered as a method to resolve the conflict between Article 422 and Article 210. the GFCI
requirements are there for personnel protection and not protection of the appliance. One option may be to delete the
requirements of GFCI from Article 422 unless the CMP wants GFCI as part of the appliance standard. The UL standard for
vending machines includes a requirement for the vending machine to include GFCl in the cord. This could be left in this
Article but because it is already a part of the product standard, the presence of this section isn't needed for this appliance. If
other appliances should include GFCI as part of the product, it would be fair to include them in this section.

Related Item

- FR 8871
Submitter Information Verification

Submitter Full Name: Thomas Domitrovich
Organization: Eaton Corporation




Street Address:

City:

State:

Zip:

Submittal Date: Wed Aug 28 14:35:20 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected
Action:

Resolution: Article 422 covers electrical appliances; thus the requirements have been are determined to be retained in
the article. The issue of which article has purview over these requirements was addressed by a task group
that was formed at the direction of the Correlating Committee. The recommendation of that task group was to
remove the requirements from Article 210 and allow Article 422 to cover the subject.




| Q\) IPuinc Comment No. 686-NFPA 70-2024 [ Section No. 422.5]
NFPA

422.5 GFCI Protection.

GFClI protection shall be provided in accordance with 422.5(A) through 422.5(C). Multiple GFCI devices shall be
permitted but shall not be required.

(A) Circuit Rating.

The appliances indicated in 422.5(B) shall be GFCI protected if supplied by branch circuits that meet all the
following conditions:

(1) Exceed the low-voltage contact limit, as defined in Article 100

(2) Do not exceed 150 volts to ground

(3) Do not exceed 60 amperes single-phase or 100 amperes 3-phase
(B) Appliances.
The following appliances shall be GFCI protected:

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 No. 1: See 210.8 for GFCI protection requirements for branch-circuit outlets where
covered locations warrant such protection.

Informational Note No. 2: Electrically cooled drinking water fountains are one type of drinking water cooler.
(C) Type and Location.
The GFCI shall be readily accessible, listed, and located in one or more of the following locations:
1) Within the branch-circuit overcurrent protective device
2) In a device or outlet within the supply circuit

(

(

(3) Inanintegral part of the attachment plug

(4) Within the supply cord not more than 300 mm (12 in.) from the attachment plug
(

5) Factory installed within the appliance

Additional Proposed Changes

File Name Description Approved
CN_389.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 389 appeared in the First Draft Report on First Revision No. 8871.

The Correlating Committee directs that a task group be formed with members from CMP 2 and CMP 17 to
address the concerns raised over purview of GFCI protection requirement for appliances. Article 422
contains specific requirements for appliances and Article 210 provides the requirements for branch
circuits. Correlation between these two articles is needed on this topic.

As part of Decision D#22-11 the NFPA Standards Council stated “Lastly the Appellant raises concerns
that GFCI requirements related to appliances are not properly in the scope of Article 210 (and
therefore the responsibility of CMP 2), rather, that appliances are addressed in Article 422 and
therefore within the scope of CMP 17. The matter of technical scope among articles within the NEC

is the responsibility for the NEC Correlating Committee, which is balloted on correlation between
articles within the NEC. Section 210.8(D) addresses receptacle protection based on the equipment
that may be used with the receptable, and therefore Council finds no reason to second guess the




ballot of the NEC Correlating Committee on this issue. However, the Council encourages the NEC
Correlating Committee to review this specific concern, to the extent there may
be overlap that requires clarification between CMP 2 and CMP 17.”

Related Item
* First Revision No. 8871

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:14:44 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8505-NFPA 70-2024

Statement: The list of appliances was modified to incorporate existing GFCI requirements in 210.8(D) and relocated

here since appliances are under the purview of Article 422.




| * ICorreIating Committee Note No. 389-NFPA 70-2024 [ Section No. 422.5 ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 11:30:48 EDT 2024

Committee Statement

Committee The Correlating Committee directs that a task group be formed with members from CMP

Statement: 2 and CMP 17 to address the concerns raised over purview of GFCI protection
requirement for appliances. Article 422 contains specific requirements for appliances and
Article 210 provides the requirements for branch circuits. Correlation between these two
articles is needed on this topic.

As part of Decision D#22-11 the NFPA Standards Council stated “Lastly the Appellant
raises concerns that GFCI requirements related to appliances are not properly in the
scope of Article 210 (and therefore the responsibility of CMP 2), rather, that appliances
are addressed in Article 422 and therefore within the scope of CMP 17. The matter of
technical scope among articles within the NEC is the responsibility for the NEC
Correlating Committee, which is balloted on correlation between articles within the NEC.
Section 210.8(D) addresses receptacle protection based on the equipment that may be
used with the receptable, and therefore Council finds no reason to second guess the
ballot of the NEC Correlating Committee on this issue. However, the Council encourages
the NEC Correlating Committee to review this specific concern, to the extent there may
be overlap that requires clarification between CMP 2 and CMP 17.”

First Revision No. 8871-NFPA 70-2024 [Section No. 422.5]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.




Jackson, Peter D.

Kendall, David H.

Manche, Alan

Osborne, Robert D.

Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 1014-NFPA 70-2024 [ Section No. 422.5(B) ]
NFPA

(B) Appliances.
The following appliances shall be GFCI protected:
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

(

(

(

(

9) Wall-mounted ovens

~

Electric ranges

10) Counter-mounted cooking_units

11) Clothes dryers

12) Microwave ovens

Informational Note No. 1: See 210.8 for GFCI protection requirements for branch-circuit outlets where covered
locations warrant such protection.

Informational Note No. 2: Electrically cooled drinking water fountains are one type of drinking water cooler.

Statement of Problem and Substantiation for Public Comment

The items in this list are also found in 210.8(D) verbatim. With the proposed changes this would make both lists identical and
aid in clarification for the user.

Related Item
« » Public Input No. 1770, « FR-8871-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: Edward Brown

Organization: Independent Electrical Contrac
Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 10 18:25:58 EDT 2024
Commiittee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8505-NFPA 70-2024

Statement: The list of appliances was modified to incorporate existing GFCI requirements in 210.8(D) and relocated

here since appliances are under the purview of Article 422.




| Q\) IPuinc Comment No. 1082-NFPA 70-2024 [ Section No. 422.5(B) ]
NFPA

(B) Appliances.
The following appliances shall be GFCI protected:
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

Electric ranges

1)
2) Wall-mounted ovens

(
(
(3) Counter-Mounted cooking units
(4) Clothes dryers

(

5) Microwave ovens

Informational Note No.

1 Electrically cooled drinking_water fountains are one type of drinking_ water cooler.

Statement of Problem and Substantiation for Public Comment

This public comment is a response to Public Input No. 1548-NFPA 70-2023 [ Section No. 422.5(A) which was resolved by
CMP-17. The resolution stated that “insufficient technical substantiation has been submitted to expand the list.” CMP 2 has
purview of the branch circuit requirements in 210.8(D) and CMP 17 has purview over the requirements in 422.5(A).

This resolution which stated no technical substation was submitted was not a valid response to the PI, when in fact the list
had already been expanded per the Substantiation provided as part of SR 7966 during the 2023 Code cycle by CMP 2.
Currently two different lists of appliances requiring GFCI exist in Article 210 and Article 422, and they do not match. The
submitter of Pl 1170 proposed that the list should match to facilitate users of the Code applying the requirements, the Pl was
not requesting an expansion of the list.

Having two appliance lists requiring GFCI protection that don’t match in Articles 210 and 422 is confusing and difficult for
users of this Code to reconcile. This PC, along with a related PC #1081 for 210.8(D) updates the language to harmonize the
requirements of 210.8(D) and the requirements of 422(5). This will add clarity for both installers and enforcement.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 1081-NFPA 70-2024 [Section No. 210.8(D)]
Public Comment No. 1081-NFPA 70-2024 [Section No. 210.8(D)]
Related Item
* Pl 1548 PI 195

Submitter Information Verification

Submitter Full Name: Rebekah Hren
Organization: IPPNC LLC
Street Address:

City:

State:




Zip:
Submittal Date: Wed Aug 14 10:01:48 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8505-NFPA 70-2024

Statement: The list of appliances was modified to incorporate existing GFCI requirements in 210.8(D) and relocated

here since appliances are under the purview of Article 422.




| Q\) 'Public Comment No. 1164-NFPA 70-2024 [ Section No. 422.5(B) ]

NFPA

(B) Appliances.

The following appliances shall be GFCI protected:
1) Automotive vacuum machines

2) Drinking water coolers and bottle fill stations

3) High pressure spray washing_ machines

~

4) Cord- and plug-connected high-pressure spray washing machines

5) Tire inflation machines

~

6) Vending machines

8

9) Electric ranges

Dishwashers

~

10) Wall mounted ovens

1
12

13) Microwave ovens

Counter mounted cooking_units

(

(

(

(

(

(

(7) Sump pumps
(

(

(

(

(12) Clothes washers
(

)
)
)
)

Informational Note No. 1: See 210.8 for GFCI protection requirements for branch-circuit outlets where covered

locations warrant such protection.

Informational Note No. 2: Electrically cooled drinking water fountains are one type of drinking water cooler.

Statement of Problem and Substantiation for Public Comment

Relocating the specific appliances from 210.8(D) to this section will eliminate redundancy in the code.
A companion PC removes the list items from 210.8(D) with a pointer to 422.5.

Related Public Comments for This Document

Related Comment
Public Comment No. 1162-NFPA 70-2024 [Section No. 210.8(D)]
Public Comment No. 1162-NFPA 70-2024 [Section No. 210.8(D)]
Related Item
* FR-7736, FR-8871

Submitter Information Verification

Submitter Full Name: David Hittinger

Organization: Independent Electrical Contractors
Affiliation: IEC Codes and Standards

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 16 10:50:03 EDT 2024
Committee: NEC-P17

Committee Statement

Committee
Action:

Rejected but see related SR

Resolution: SR-8508-NFPA 70-2024

Relationship




Statement: Item (3) was updated to remove “Cord and plug connect” to correlate with previous requirements that were
in 210.8(D) since appliances are under the purview of Article 422.




| Q\) IPuinc Comment No. 1275-NFPA 70-2024 [ Section No. 422.5(B) ]
NFPA

(B) Appliances.

The following appliances shall be GFCI protected:

(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

(6) Sump pumps
(

(

(

(

(

(

~

Vending machines

7) Dishwashers
8

9) Wall-mounted ovens

=

Electric Ranges

10) Counter-mounted cooking_units

11) Clothes dryers

12) Microwave ovens

Informational Note No. 1: See 210.8 for GFCI protection requirements for branch-circuit outlets where covered
locations warrant such protection.

Informational Note No. 2: Electrically cooled drinking water fountains are one type of drinking water cooler.

Statement of Problem and Substantiation for Public Comment

As requested by the Correlating Committee, a task group was created to address the correct location of the technical
material currently found in both 210.8(D) and 422.5, with the aim of limiting that content to one location or the other. Unlike
the GFCI requirements set forth in 210.8(A), (B), (C), (E), and (F), the requirements in (D) are not driven by physical location.
They are specific to appliances, and therefore should reside in the appliance article.

Relocating all the specific appliances from list in 210.8(D) to this section and adding list items 8-12 appliances relocated from
210.8(D) to be included in the list of appliances requiring GFCI protection.

A companion PC removes the list items from 210.8(D) with a pointer to 422.5.

The task group consisted of the following members of Code-Making Panel 2 and Code-Making Panel 17: David Johnson
(Chair), Ryan Jackson, Robert DellaValle, Greg Woyczynski, and Larry Wildermuth. The chair appreciates the time and
efforts put forth by these individuals.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 1273-NFPA 70-2024 [Section No. 210.8(D)] PC#1273
Public Comment No. 1273-NFPA 70-2024 [Section No. 210.8(D)]
Related Item
* FR7736, FR8871

Submitter Information Verification

Submitter Full Name: David Johnson

Organization: CenTex IEC
Affiliation: Tack Group for correlation of 210.8(D) and 422.5.
Street Address:

City:




State:

Zip:
Submittal Date: Mon Aug 19 14:46:08 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8505-NFPA 70-2024

Statement: The list of appliances was modified to incorporate existing GFCI requirements in 210.8(D) and relocated

here since appliances are under the purview of Article 422.




| Q\) IPuinc Comment No. 1853-NFPA 70-2024 [ Section No. 422.5(B) ]
NFPA

(B) Appliances.

The following appliances shall be GFCI protected:

(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

(6) Sump pumps
(

(

(

(

(

(

~

Vending machines

7) Dishwashers
8

9) Wall-mounted ovens

=

Electric Ranges

10) Counter-mounted cooking_units

11) Clothes dryers

12) Microwave Ovens

Informational Note No. 1: See 210.8 for GFCI protection requirements for branch-circuit outlets where covered
locations warrant such protection.

Informational Note No. 2: Electrically cooled drinking water fountains are one type of drinking water cooler.

Statement of Problem and Substantiation for Public Comment

The addition of these appliances to section 422.5 correlates with section 210.8 (D) where these were added for increased life
safety by reducing electrocutions. Section 422.5 has a long history of providing GFCI protection for appliances. The addition
of these appliances will save lives which is the primary objective of GFCl’s.

The correlation between branch circuit electrocution protection and individual appliance electrocution protection allows for
maintaining the protections where hazards continue to exist. Here are some current examples
https://www.cpsc.gov/Recalls/2017/Following-Plumbers-Death-Electric-Ranges-Recalled-by-Arcelik-AS. There also are
numerous clothes dryer electrocution of children plus non-fatal shock hazards, see https://www.yahoo.com/lifestyle/4-year-
old-girl-electrocuted-dryer-heres-parents-need-know-175906515.html, https://www.justanswer.com/neurology/moztc-
shocked-myself-clothes-dryer-timer-morning-it-s.html, https://www.dallasnews.com/news/2018/07/10/10-year-old-girl-died-
rescuing-beloved-kittens-from-behind-a-dryer-in-east-texas-home/, and many others. There have been several shocks and
electrocutions tied to microwaves. While most of these involve maintenance or repair activities. Per the Texas department of
insurance.”..improper use or maintenance of microwaves can cause some dangers, primarily fire or electric shock.”

Related Item
* P1 1548« P1 1770 * PI 3205

Submitter Information Verification

Submitter Full Name: Keith Waters

Organization: Schneider Electric

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 27 17:35:40 EDT 2024
Committee: NEC-P17

Committee Statement




Committee Rejected but see related SR

Action:
Resolution: SR-8505-NFPA 70-2024
Statement: The list of appliances was modified to incorporate existing GFCI requirements in 210.8(D) and relocated

here since appliances are under the purview of Article 422.




| Q\) IPuinc Comment No. 1891-NFPA 70-2024 [ Section No. 422.5(B) ]
NFPA

(B) Appliances.
The following appliances shall be GFCI protected:
1) Automotive vacuum machines

2) Drinking water coolers and bottle fill stations

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

5
6) Sump pumps

~

(

(

(

(4) Tire inflation machines
( Vending machines
(

(

7) Dishwashers

Exception No. 1: GFCI protection shall not be required for an electric range, wall-mounted oven, or counter-mounted
cooking_unit if all the following_conditions are met:

a. The appliance is not portable

b. The receptacle is not installed within 1.8m (6 ft)_of the top inside edge of the bowl of a sink

c. The receptacle is installed within 1.2m (4 ft)_of the appliance enclosure

d. The receptacle is a single receptacle

This exception shall expire January 1, 2028

Informational Note No. 1: See 210.8 for GFCI protection requirements for branch-circuit outlets where covered
locations warrant such protection.

Informational Note No. 2: Electrically cooled drinking water fountains are one type of drinking water cooler.

Statement of Problem and Substantiation for Public Comment

AHAM is against expanding the list of appliances until UL standard requirements have been updated to resolve nuisance
tripping, including requirements within the UL 943 standard for GFCls. If additional appliances are not carried over from
Chapter 2 to Chapter 4, this PC should be withdrawn. However, if additional appliances are carried over from Chapter 2 to
Chapter 4, consumers must be protected from nuisance tripping.

The First Draft allows the use of modernized GFCls, termed Class A-HF. These modernized GFCls are not required in the
First Draft which means the higher risk of GFCI nuisance tripping remains if the appliance is connected to a non-modernized
Class A GFCI.

The code should allow a proactive approach in preventing GFCI nuisance tripping by making an exception for appliances
which present a lower risk of shock. This lower risk is achieved through four conditions of acceptability listed in (a.) through
(d.) Anumber of these conditions were added and edited in response to comments provided during the First Draft meetings.

An expiration date was also added in response to comments provided during the First Draft meeting. AHAM hopes that, by
2028, modernization will be required in the UL 943 standard for all Class A GFCls, not just GFCls which meet an optional
rating.

Related Item
*FR 7788+ P1 1770

Submitter Information Verification

Submitter Full Name: Greg Woyczynski
Organization: Association of Home Appliance
Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 27 21:18:04 EDT 2024
Committee: NEC-P17




Committee Statement

Committee Rejected
Action:
Resolution: This proposed exception would not remove the requirements of 210.8 via 90.3. Due to this the exception

would not remove any requirements and could create confusion and misapplication.




| Q\) IPuinc Comment No. 1865-NFPA 70-2024 [ Section No. 422.5 [Excluding any Sub-Sections] ]
NFPA

GFCI protection shall be provided in accordance with 422.5(A) through 422.5(C). Multiple GFCI devices shall be
permitted but shall not be required._The GFCI may be listed and identified as High Frequency (HF).

Statement of Problem and Substantiation for Public Comment

The UL 943 standard for GFCls is being updated to reduce nuisance tripping on loads which contain modernized electrical
components such as LED drivers, switched-mode power supplies, and variable frequency drives.

In the UL 943 preliminary review draft (April 2024), this modernized GFCI was referred to as Class A-HF. The next version of
the UL 943 draft (expected Q3/Q4 2024) will change Class A-HF to a High Frequency (HF) rating. Although the name is
changing, the underlying technical specifications are not.

This change to the First Draft will better align language in the NEC with the latest language in UL standards work.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 1857-NFPA 70-2024 [Section No. 210.8 [Excluding_any Sub-Sections]]
Related Item
*FR 7788
Submitter Information Verification
Submitter Full Name: Greg Woyczynski
Organization: Association of Home Appliance
Street Address:
City:
State:
Zip:
Submittal Date: Tue Aug 27 18:42:49 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected
Action:

Resolution: 422 .5(C) was updated to include requirements for HF GFCI. In addition, 422.5(D) requires all GFCI
including HF GFCI to be listed. Therefore, there is no need to reiterate this requirement.




| Q\) IPuinc Comment No. 1595-NFPA 70-2024 [ Section No. 422.10 ]
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Statement of Problem and Substantiation for Public Comment

This section is out of scope for Article 422 and already covered as part of Article 210. The scope of Article 422 is "This article
covers electrical appliances used in any occupancy.”" Branch circuit requirements for appliances and motors and other loads
are already addressed as part of Article 210.

Related Item
* FR 8838

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich
Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Sat Aug 24 13:24:17 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but held
Action:

Resolution: Code-Making Panel 17 believes that there is merit to the deletion of the language and that it would provide
guidance to the users of the NEC. The deletion of the language has not received public review, as required by
4.4.4.2. of NFPA's Regulations Governing the Development of NFPA Standards. The comment will be held
until the next revision cycle, in accordance with 4.4.8.3 of the Regulations.




| Q\) IPuinc Comment No. 1598-NFPA 70-2024 [ Section No. 422.11 ]
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422.11 Overcurrent Protection.
Appliances shall be protected against overcurrent in accordance with 422.11(A) through 422.11(G) and 422.10.
(A) Branch-Circuit Overcurrent Protection.

If a protective device rating is marked on an appliance, the branch-circuit overcurrent protective device rating shall
not exceed that rating.

(B) Household-Type Appliances with Surface Heating Elements.

Household-type appliances with surface heating elements having a maximum demand of more than 60 amperes
calculated in accordance with Table 120.55 shall have their power supply subdivided into two or more circuits, each
of which shall be provided with overcurrent protection rated at not over 50 amperes.

(C) Infrared Lamp Commercial and Industrial Heating Appliances.

Infrared lamp commercial and industrial heating appliances shall have overcurrent protection not exceeding
50 amperes.

(D) Open-Coil or Exposed Sheathed-Coil Types of Surface Heating Elements in Commercial-Type Heating
Appliances.

Open-coil or exposed sheathed-coil types of surface heating elements in commercial-type heating appliances shall
be protected by overcurrent protective devices rated at not over 50 amperes.

(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 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.

(F) Electric Heating Appliances Employing Resistance-Type Heating Elements Rated More Than 48 Amperes.
(1) Electric Heating Appliances.

Electric heating appliances employing resistance-type heating elements rated more than 48 amperes, other than
household appliances with surface heating elements covered by 422.11(B), and commercial-type heating appliances
covered by 422.11(D), shall have the heating elements subdivided. Each subdivided load shall not exceed 48
amperes, and each subdivided load shall be protected at not more than 60 amperes.

These supplementary overcurrent protective devices shall be (1) factory-installed within or on the heater enclosure or
provided as a separate assembly by the heater manufacturer; (2) accessible; and (3) suitable for branch-circuit
protection.

The main conductors supplying these overcurrent protective devices shall be considered branch-circuit conductors.
(2) Commercial Kitchen and Cooking Appliances.

Commercial kitchen and cooking appliances using sheathed-type heating elements not covered in 422.11(D) shall be
permitted to be subdivided into circuits not exceeding 120 amperes and protected at not more than 150 amperes
where one of the following is met:

(1) Elements are integral with and enclosed within a cooking surface.
(2) Elements are completely contained within an enclosure identified as suitable for this use.

(3) Elements are contained within an ASME-rated and stamped vessel.




(3) Water Heaters and Steam Boilers.
Resistance-type immersion electric heating elements shall be permitted to be subdivided into circuits not exceeding
120 amperes and protected at not more than 150 amperes as follows:

(1) Where contained in ASME-rated and stamped vessels
(2) Where included in listed instantaneous water heaters

(3) Where installed in low-pressure water heater tanks or open-outlet water heater vessels

Informational Note: See IEC 60335-2-21, Household and similar electrical appliances — Safety — Particular
requirements for storage water heaters, for information on low-pressure and open-outlet heaters are
atmospheric pressure water heaters

(G) Motor-Operated Appliances.

Motors of motor-operated appliances shall be provided with overload protection in accordance with Article 430,

Part Ill. Hermetic refrigerant motor-compressors in air-conditioning or refrigerating equipment shall be provided with
overload protection in accordance with 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 Comment

Branch circuit requirements for protection of branch circuits are not in the scope of Article 422. This change ensures the
proper sections are all addressed as appropriate elsewhere in this code. the scope of Article 422 reminds us that this article
only applies to electrical appliances. "This article covers electrical appliances used in any occupancy."
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(A) Support.
Ceiling-suspended (paddle) fans shall be supported independently of an outlet box or by one of the following:
(1) Alisted outlet box or listed outlet box system identified for fan support installed in accordance with 314.27(B)

(2) Alisted 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)

(3) Exception: In bedrooms of one- and two-family dwellings, ceiling-suspended (paddle) fans shall be supported in
accordance with both 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 WSCR, and a compatible

factory installed WSAF that is installed in accordance with 314.27(E).

(4) This exception shall become effective on January 1, 2029.

Additional Proposed Changes

File Name Description Approved
SKYX_Final_Report_20240828.pdf Supporting Material SKYX Final Report

Statement of Problem and Substantiation for Public Comment

The only change in this PC is to modify (A)(2) and add an effective date. The PC only addresses ceiling-suspended (paddle)
fan installation in new construction or a significant remodel; there are no retroactive requirements. Additionally, a letter of
compliance was provided to NFPA to satisfy the ANSI/NFPA Essential Patent Requirements; if the mandatory use of the
WSCR is approved in the NEC-2026, SKYX Platforms will agree to license the WSCR for no licensing fee.

Based on prior Panel feedback, a standard NEMA configuration was attained and published in  ANSI/NEMA WD 6,
“American National Standard for Wiring Devices - Dimensional Specifications.” The WSCR for ceiling-suspended (paddle)
fans is keyed so that it will only accept the WSAF for ceiling fans. The WSCR for ceiling 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.

In the panel statement, it was acknowledged that “...these devices may improve safety and ease of installation...”, but didn’t
want to “...restrict other options which are still in use and supported by manufacturers...” The WSCR has been determined
to be compatible with all known ceiling outlet boxes. Additionally, an effective date was added to allow time for
implementation by the industry, including depleting current inventory or inventory retrofitting. The panel statement indicated
that mandated WSCR would restrict the options for installation. Currently, there are two options: traditional and the WSCR.
In the new study detailed below, the WSCR has been proven to be a safer installation method; as a result, there should just
be one option for new construction. If the requirement for the use of WSCRs for ceiling fans is accepted, SKYX Platforms
will agree to license the WSCR for no licensing fee; all manufacturers would have access for use.

The Panel noted that the use of the WSCR “...may improve safety and ease of installation...”. The NEC is the minimum
electrical safety standard. If there are new technologies available to improve safety, they should be adopted as mandatory.
For example, GFCI, AFCI, and tamper-resistant receptacles were new technologies to improve safety and are now
mandated.

NEW STUDY: LADDER USE DURING INSTALLATIONS. To further quantify how much safer and easier the ceiling fan
installation with the WSCR when compared to the traditional ceiling fan installation, a study with a 3rd party was
commissioned to review factors that contribute to the severity of hazards during installation.

Although the study was completed using luminaires, it is reasonable to extrapolate the study results for the installation of
ceiling fans. With more overhead work time and greater average fan weight, the safety improvement when using the WSCR
versus traditional installation would be even more significant.

There were three installation types that were examined in this study: a) traditional to traditional, b) convert traditional to
WSCR/WSAF and c) replacing existing luminaire with a WSAF to a new luminaire with WSAF. All luminaires were
assembled prior to installation. The study conducted by Dr. Erika M. Pliner, PhD and Kurt E. Beschorner, PhD is attached
and the major conclusions follow.

1. The more time on the ladder, the more risk for a fall or injury. The study found the average installation time on the
ladder is 20 minutes for a) traditional, less than 4 minutes to b) convert from traditional to WSCR/WSAF, and less than a half
minute for c) replacing an existing WSAF luminaire.

2. Time holding the luminaire during installation was examined. The study found a holding time of 1.33 minutes for a)
traditional to traditional [when using a cross-bar to temporarily support the luminaire], 0.76 minutes [43% reduction in time]
for b) traditional to WSCR, and 0.22 minutes [83% reduction from traditional] for a c) replacement of a new luminaire with




WSAF. For conditions b) and c), a temporary support for the luminaire is not necessary.

3. Time on the ladder that required the installer’s shoulder(s) to be raised 90 degrees or more during the uninstallation and
installation of a light fixture was examined. The average raised shoulder time for a) traditional installation to traditional
installation is 13 minutes, 2.04 minutes for b) traditional to WSCR, and less than a minute for a c) replacement of a luminaire
with WSAF

Areduced time on the ladder reduces the risk of a fall and injury. While on the ladder and performing multiple tasks, the risk
of fall and injury is increased. If the WSCR is installed during construction, the installer never needs to touch the wires and
be exposed to a shock hazard. With the WSCR, the inspector can easily confirm proper wiring through the use of a circuit
tester, which could eliminate the need for an inspector to use a ladder.

Falls are a leading cause of injuries based on CDC data. Reducing fall hazards has been a major educational goal of OSHA
for many years. Simplifying the task that needs to be performed on a ladder (which also reduces the time spent on a ladder)
has been shown to greatly minimize the fall hazard. Multi-tasking while on a ladder contributes to the likelihood of falling.
Clearly this applies to a traditional ceiling fan installation with many steps. Weight and off-set balance factors contribute to
the fall hazard. The installer must not only balance himself but also the ceiling fan while on a ladder.

According to Pliner et al, a longer time to complete the task resulted in poorer performance in accomplishing the task and
increased ladder fall risk exposure. This research involved older individuals, which reflects the aging population of the skilled
electrical industry. In Pliner’s 2020 doctoral dissertation study, it was clear that multi-tasking negatively affected task
completion time.

Additionally, there are instances documented in the CPSC database of parts or entire ceiling fans falling, as well as the
installers themselves falling.

NEW CONSTRUCTION INSTALLATION. The installer is wiring a 3-ounce fan WSCR into the ceiling versus the traditional
wiring while supporting the weight and balancing the fan. On average, ceiling fans weigh 18 pounds. The simplified wiring
minimizes the potential for injury from either falling or electric shock. With the WSCR, the inspector can easily confirm
proper wiring through the use of a circuit tester, which could eliminate the need for an inspector to use a ladder.

FUTURE CEILING FAN INSTALLATION OR REPLACEMENT. With the WSCR already being installed in the ceiling, the
ceiling fan is plug-and-play. This feature is convenient for the installer, as the ceiling fan can be installed at a later date.

In the past, televisions and many appliances were hardwired; imagine having to rewire whenever the appliance needs to be
moved or replaced. Microwave ovens and toaster ovens likely wouldn’t be as popular today if they were hardwired. These
examples illustrate the importance of making the WSCR/WSAF mandatory. Hardwiring limits consumer flexibility to change
decor and devices. When looking around the home, most electrical equipment is plug and play, except ceiling luminaires and
ceiling fans.

DATA TO SUBSTANTIATE. A significant amount of information was collected and analyzed and was provided during the First
Draft stage, including information from the U.S. Census Bureau, OSHA, NIOSH, CPSC, and CDC.

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

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 ceiling fans.

The CPSC's National Electronic Injury Surveillance System (NEISS) contains numerous incidents involving injuries from
ceiling fans which was provided during the First Draft.

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.

Additionally, there are instances documented in the CPSC database of parts or entire ceiling fans falling, as well as the
installers themselves falling.

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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Team Expertise

Dr. Erika Pliner is an Assistant Professor in Mechanical Engineering at the University of
Utah. She obtained her PhD in Bioengineering at the University of Pittsburgh with a
specialization in whole-body biomechanics. In addition, she completed postdoctoral
training in neuromechanics and physiology. She obtained her BS and MS in Mechanical
Engineering at the University of Wisconsin-Milwaukee. Dr. Pliner's research applies core
competencies on biomechanics, ergonomics and neuroscience to improve personal
and occupational safety. She has designed and conducted multiple ladder safety
research studies, identifying individual, environmental, and biomechanical risk factors of
ladder falls in the occupational and domestic setting. She is the primary instructor of the
Ergonomics and Occupational Biomechanics courses at the University of Utah.

Dr. Kurt Beschorner is an Associate Professor in Bioengineering at the University of
Pittsburgh. He has specialized in fall prevention using methods of mechanics,
understanding of humans and their motion, and ergonomics. He has led several
projects to identify confributing factors of falling considering ladder design, individual
risk factors, shoes, and flooring. He also is the Chief Executive Manager of Tread Traction
Technologies, LLC where he works with companies to develop products that reduce
falling risk. In this role, he has worked directly with footwear and walking surface
companies to improve product design in ways that reduce fall risk. During this project,
he operated in his role at Tread Traction Technologies, LLC and not through his position
at the University of Pittsburgh.

Motivation

The installation of ceiling light fixtures subjects the worker or homeowner to risk of a
ladder fall injury and musculoskeletal disorders.

The hazardous nature of ladder use is supported by injury records among occupational
workers and emergency department visits. Annually, ladders are the primary source to
over 136,000 injuries requiring emergency care (D'Souza, Smith and Trifiletti 2007). In
addition, ladders are the leading cause of fatality among work-related falls from a
height (Bureau of Labor Statistics 2016). Ladder use is a common task among
homebuilders, contractors, and homeowners that should be carefully managed and
therefore has been the subject of regulation. Minimizing worker fatigue and ladder use
exposure can reduce injury risk by improving balance control and limiting the
opportunity for a fall, respectively. For example, ladder fall injury records of workers
revealed the time to ladder fall injury was further delayed (indicating lower risk) among
works who had longer accumulative rest breaks (Arlinghaus, Lombardi et al. 2012),




which suggests the relevance of both fatigue and exposure to fall risk. Faster task
completion times for ladder use tasks has been argued to reduce ladder fall risk in other
peer-reviewed studies (Pliner, Sturnieks and Lord 2020, Pliner, Sturnieks et al. 2021). New
consumer ladder-related products may achieve reduced fall risk if they enhance the
efficiency of ladder work tasks and reduce the time spent on a ladder.

The installation of ceiling light fixtures requires overnead arm postures, upper limb effort
to support the fixture, bimanual motor control. Overhead arm postures subject tissues in
the upper extremities to additional strain during shoulder flexion and abduction (upper
arm elevated above 90°). Individual strength is reduced in shoulder flexion and
abduction (Stobbe 1982), leading to earlier fatigue (Chaffin 1973). Prolonged exertion,
as can occur when holding a light fixture during installation, further exacerbate
individual fatigue and pain (Caldwell and Smith 1966). The bimanual motor confrol
during installation of a light fixture (e.g. wiring) hastens fatigue due to the increase in
muscle activity that is required for precise actions (i.e. muscle co-contraction). The
additive strenuous demands of ceiling light installation (i.e. overhead arm posture,
fixture load, motor control) expose the worker or homeowner to a risk for
musculoskeletal disorders. Repeated exposure of this type of task can lead to
permanent functional disability (Johansson and Sojka 1991). New consumer products
that reduce the time of these strenuous demands during ceiling fixture installation are
expected to reduce the risk of musculoskeletal disorder.

Purpose

The objective of this project was to conduct a time analysis of ceiling light fixture
installation between a traditional installation method and a novel installation method
with new consumer products (Figure 1). The new consumer products comprised a
weight support ceiling receptacle (WSCR) and weight-supporting attachment fitting
(WSAF). The time analysis comprised four task-based measures, quantifying the 1) tfime
on the ladder, 2) time the arm elevated above 90°, 3) time holding the fixture, and 4)
the number of dropped items. Longer fime durations in these task-based measures are
associated with increased injury risk due to a fall from a ladder, user fatigue and
musculoskeletal disorder. In particular, task-based measure 1 (fime on the ladder) is
directly related to fall risk and task-based measures 2 (fime the arm elevated above
?0°) and 3 (fime holing fixture) are directly related to fatigue. Because fatigue is related
to fall risk, task-based measures 2 and 3 are also related to fall risk. Task-based measure
4 (number of dropped items) is a performance metric related to mistakes where more
dropped items indicate poorer performance in completing the fixture-changing task.
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Figure 1: Diagram fo parts for a standard (a) and a novel (b) ceiling light fixture
installation.

Methods

Participants

Ten adults [8 men; 2 women; mean (standard deviation) height: 1.78 (0.01) m] were
recruited to complete replacement of a ceiling light fixture (referred to hereafter as
users). Users were novice to light fixture installation with do-it-yourself project
experience.

Data Collection

All users completed three light fixture changing frials. Each trial comprised uninstallation
and installation of a light fixture. Three uninstallation/installation conditions were
presented in randomized order (order of presentation in Appendix A):

Traditional to Traditional — The standard method to uninstall and install a light fixture
(Figure 1q).

Traditional to WSCR/WSAF — The standard method to uninstall a light fixture (Figure 1a),
installation of the weight support ceiling receptacle (WSCR), and installation of the light
fixture with the weight-supporting attachment fitting (WSAF) (Figure 1b).




WSAF to WSAF — Uninstallation and installation of a light fixture with a weight-supporting
attachment fitting (WSAF) (Figure 1b).

The same chain light fixture was used in all conditions (Appendix B; Kichler Lighting LLC,
Solon, OH). The diameter (18.5 inches) and weight (10.0 lbs.) of this light fixture fell within
one standard deviation of the mean diameter and weight of commercially available
light fixtures (Appendix C). Installation instructions were provided for the traditional and
novel installation methods (Appendix D-F). To complete the light fixture changing tasks,
users climbed a é-foot fiberglass step ladder with a 250 Ibs. load capacity (Werner Co.,
Itasca, IL). Placement of the ladder was fixed by the project coordinators. The ladder
was placed in a location that minimized overreach during the uninstallation/installation
task for the average user. Users were provided with non-powered tools o complete the
task.

Users were asked to rest for 2-minutes between each uninstallation/installation phase
and trial. The Traditional to Traditional and WSAF to WSAF conditions comprised two
phases: uninstallation and installation. The Traditional to WSCR/WSAF condition
comprised three phases: uninstallation, installation of WSCR, and installation.

Video recordings were captured for each trial. The sagittal plane (side view) of the
users completing the task was captured. The spatial resolution of this view captured the
user, light fixture and ladder. The temporal resolution of the video was captured at 60
frames per second (60 Hz).

Data Analysis

Video data was post-processed in commercial video editing software to permit frame-
by-frame analysis (Adobe Premiere Pro, San Jose, CA). Onset, offset and occurrence of
task-based measures were denoted along the video timeline via ‘Markers’ (marker is
defined in this report as an event occurring at a specific time). All ‘Markers’ were
assessed by single biomechanist (i.e. a human-movement expert) to promote
consistency and accuracy across users and conditions. Specifics defining each time-
based measure are as follows:




Time on the ladder (Figure 2, green marker) — from first foot onset with the ladder to last
foot offset with the ladder.

Figure 2: Green marker denoting ladder onset, ‘LADDER_ON'. Ladder offset denoted as

‘LADDER_OFF’.




Time the arm above 90° (Figure 3, orange marker) — movement analysis of the left arm.
From when the arm displayed visual shoulder flexion or abduction greater than 90°.

Figure 3: Orange marker denoting left arm above 90° onset, ‘SHO_90_ON’. Arm above
90° offset denoted as ‘SHO_90_OFF'.




Time holding the fixture (Figure 4, purple marker) — from loading one or both of the
upper arms with the weight of the light fixture to off-loading the weight of the light
fixture.

Figure 4: Purple marker denoting fixture load onset, ‘FIXTURE_LOAD_ON'. Fixture load
offset denoted as ‘FIXTURE_LOAD_OFF'.




Dropped items (Figure 5, yellow marker) — occurrence of an item (e.g. tool, wire cap,
light fixture) unintentionally dropping.

Figure 5: Yellow marker denoting occurrence of a dropped item, ‘PART_DROP’.
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End of uninstallation (Figure 6, white marker) — occurrence of the conclusion of the
uninstallation phase.

Figure 6: White marker denoting occurrence of the end of uninstallation,
‘END_OF_UNINSTALL'. End of WSCR installation denoted as ‘END_OF_SKYX_INSTALL’.

End of WSCR installation (Figure 6, white marker) - occurrence of the conclusion of the
WSCR installation phase.

Onsets, offsets and occurrence of markers were exported from Adobe Premiere Pro to
a comma separated values (CSV) spreadsheet. The duration of timing events was
quantified between onsets and offsets. The sum of timing durations and the sum of
dropped item occurrences was calculated. Total summed time and occurrence of
task-based measures were calculated for each user, condition and phase.
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Statistical Analysis

To assess time differences of task-based measures between traditional and novel light
fixture installation methods, one-way ANOVAs were performed on time-based measures
with condition as the predictor variables. If condition was found to be significant, a
Tukey's Honestly Significant Difference (HSD) post-hoc test was performed to assess
which groups differed. To meet the assumptions of the parametric statistical analyses,
natural logarithmic transformations were performed on task-based measures to
achieve a normal data distribution. The occurrence of dropped items was not
prevalent across all conditions to be tested statistically. We expect the Traditional to
Traditional installation method to result in the longest time durations and most dropped
item occurrences.

To confirm validity in the research design of this project, paired t-tests were performed
on fime-base measures (fime on ladder, time holding fixture, tfime arm above 90°) within
the uninstallation and installation phases between the Traditional to Traditional and
Traditional to WSCR/WSAF conditions and Traditional to WSCR/WSAF and WSAF to WSAF
conditions, respectively. We expected the null hypothesis to not be rejected in these
tests due to task requirements being identical in these phases (i.e. both uninstalling a
light fixture with the traditional method and both installing a light fixture with the novel
method). Confirming these outcomes would suggests appropriate randomization in this
project’s study design.

Results

Results by Condition

The Traditional to Traditional condition resulted in a significantly greater time on the
ladder (F227=1034; p<0.001) (Figure 7), arm fime above 90° (F227=392; p<0.001) (Figure 8),
and time holding the light fixture (F227=34; p<0.001) (Figure 9) than the other two
conditions. The WSAF to WSAF resulted in significantly less time on the ladder and arm
time above 90° than the Traditional to WSCR/WSAF condition. The occurrence of
dropped items was nearly exclusive to the Traditional to Traditional condition (Figure
10). The size of these effects was large. The time on ladder was over 20 minutes for the
Traditional to Traditional condition but was less than 5 minutes for the Traditional to
WSCF/WSAF and under 1 minute for the WSAF to WSAF condition. Thus, the presence of
the ceiling receptacle reduces the time on the ladder by more than 0% (WSAF to
WSAF compared to Traditional to Traditional). Furthermore, the time with an arm
elevated above 90° was reduced from about 13 minutes for the Traditional to
Traditional condition to under 3 minutes when converting from a Traditional to
WSCF/WSAF and under 1 minutes for a WSAF to WSAF installation. The time holding the
light fixture was also markedly reduced albeit a smaller effect than the other two
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assessed time metrics. The user spent nearly 2 minutes holding the fixture in the
Traditional to Traditional condition, which was reduced to under 1 minute in the
Traditional to WSCF/WSAF and under half a minute in the WSAF to WSAF condition.
Lastly, the average user dropped between 2 and 3 objects during Traditional to
Traditional condition but these instances were rare for the other two installation
conditions (Figure 10).
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Figure 7: The average total time users spent on the ladder for each
uninstallation/installation condition. Error bars denote the standard deviation. Non-
matching letters denote groups that are statistically different from one another.
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Figure 8: The average total time users had their arm above 90° for each
uninstallation/installation condition. Error bars denote the standard deviation. Non-
matching letters denote groups that are statistically different from one another.
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Figure 9: The average total time users were holding the light fixture for each
uninstallation/installation condition. Error bars denote the standard deviation. Non-
matching letters denote groups that are statistically different from one another.
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Figure 10: The average total number of dropped items for each
uninstallation/installation condition. Error bars denote the standard deviation. Note: no
items were dropped during the WSAF to WSAF condition for all users in the project.
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Results by Phase

There was no significant differences in time on ladder, time holding the fixture, and arm
time above 90° during the uninstallation phase between the Traditional to Traditional
and Traditional to WSCR/WSAF condition (Figure 11). Similarly, there was no significant
differences in fime on ladder, fime holding the fixture, and arm time above 90° during
the installation phase between the Traditional to WSCR/WSAF and WSAF to WSAF
condition (Figure 12). Users were on the ladder for about 1 minute and had their arm
above 90° for less than 1 minute during the WSCR installation phase (Figure 13). Users
were not exposed to addition fixture holding time during the WSCR installation phase.
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Traditional
25 -

— m Traditional to
..g 2 WSCR/WSAF
c
S 1.5 : [ T
) 1
£
= 05

0

b Time on Time Holding Time Arm

(b) Ladder Light Fixture = Above 90°

Figure 11: The average total time users spent on the ladder, time holding light fixture
and fime arm above 90° for each uninstallation phase all three conditions (a) and only
two of the conditions (b, conditions that required a traditional uninstallation). Error bars
denote the standard deviation.
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Installation Phase
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Figure 12: The average total fime users spent on the ladder, time holding light fixture
and time arm above 90° for each installation phase all three conditions (a) and only
two of the conditions (b, conditions that required a novel installation). Error bars denote
the standard deviation.
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WSCR Installation Phase
1.8

1.6 E Traditional to
1.4 [ WSCR/WSAF

1.2

0.8
0.6
0.4
0.2

Time (Minutes)

Time on Time Holding Time Arm
Ladder Light Fixture Above 90°

Figure 13: The average total fime users spent on the ladder, time holding light fixture
and time arm above 90° for the WSCR installation phase for the fraditional to
WSCR/WSAF condition (the only condition with this phase). During this phase, there was
no need for the user to hold the light fixture (no values). Error bars denote the standard
deviation.

Interpretation of Results

This analysis determined that a weight-supporting plug-in attachment significantly
reduces the time of hazardous and strenuous activities that are associated with light
fixture installation and improves performance when considering all metrics that were
considered in this study. Notably, the study revealed progressive improvements from a
traditional light fixture replacement (Traditional to Traditional where a weight-supporting
plug-in attachment was not used) to the installation and use of a weight-supporting
plug-in attachment (Traditional to WSCR/WSAF) and then further improvement when
replacing a fixture where the weight-supporting plug-in attachment was already
installed (WSAF to WSAF). Given these results, the use of weight-supporting plug-in
attachments are expected to reduce fatigue and upper extremity musculoskeletal
injury risk (through reduced time spent with the arms elevated and reduced time spent
holding the fixture). Furthermore, the use of these attachments are anticipated to
reduce ladder fall risk compared to changing of light fixture without these attachments
through a major reduction in time spent on the ladder and by reducing the impacts of
fatigue. The high occurrence of dropped items suggests that performance is enhanced
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by these attachments. Dropped items could lead to lost components during installation,
which potentially exposes the user to injury risk (if they move abruptly on the ladder in
an attempt to catch the falling object or in the case of dropping a large object like the
fixture), and may require to complete additional corrective actions such as descending
the ladder to retrieve a lost item and then repeating the task that was being
conducted when it was dropped.

The analysis described in this report does not address all aspects of safety that may be
relevant to light fixture installation. For example, several aspects of ladder fall risk were
not considered including the weight distribution on the ladder (i.e., center of pressure)
and its impact on tipping of the ladder, the ability of the user to respond to balance
disturbances, and whether slip and fall risk might have been influenced during ascent
and descent of the user on the ladder. Furthermore, direct measures of fatigue and
tissue loading were not conducted, which would provide more detailed insights on
musculoskeletal injury risk. Furthermore, the study is unable to estimate the magnitude of
risk reduction for either fall risk or musculoskeletal injury.

Impact of Report

This final report provides supportive background, methodological procedures, results,
and objective interpretation of ceiling light fixture installation across traditional and
novel installation methods. Notably, the report concludes that weight-supporting plug-
in atfachment offers substantial reductions in fime spent on a ladder, time with
elevated arm postures, time spent holding the light fixtures, and the number of dropped
items. These findings indicate that these attachments are expected to reduce fall risk,
reduce risk of upper extremity musculoskeletal injury risk, and enhance installation
performance.

Knowledge gained from this report can assist in improving worker and homeowner
safety. This report may be relevant as:

- Directed safety and injury risk information for workers and homeowners on ceiling
fixture installation.

- Additional guidance for National Electrical Code (NEC) standards related to 314.27
Outlet Boxes (A) Boxes at Luminaire or Lampholder Outlets; (C) Boxes at Ceiling-
Suspended (Paddle) Fan Outlets.
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Appendix

Appendix A: Randomization order of uninstallation/installation conditions by user.

User | Gender | Height (m) Trial 1 Trial 2 Trial 3
L | v | et Twsarowsr | oo e
2 | W | e | Testenolo [ esena | woariovon
s | w | e | Tedteralo [ iedienate | wsariowsar
4 M 183 Traditional to Trodi’ri‘o.nol fo Traditional to
WSCR/WSAF Traditional WSCR/WSAF
s | m | 1m0 | vearrowssr | Tesenolio [ ednenal
o | w | e [wsarrowssr | Jasielle | Tediorel
P | e | Tedenal | wsariowsar | Jedtenele
s | m | s | Techerlo | Tedterere | wserrowse
o [ w | 1o [wsarrowssr | Jadieralle | Tedionel
o | w [ e | REEel | wearowsar | Teienali

Appendix B: Kichler Stetton 3-Light Anvil ron Farmhouse Drum Hanging Pendant Light

Dimensions

Chain Length (inches) 36 Size Medium
Height (inches) 9.25 Weight (lbs.) 10.031
Maximum Hanging Height (inches) 46 Width (inches) 18.5

Minimum Hanging Height (inches) 10 Wire Length (inches) 72

Appendix C: Diameter and weight of commercially available ceiling light fixtures.

Light Fixture Dia. and
weights - 05.31.2024.x
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Appendix D: Standard instructions to install a chain light fixture.

KICHLER 3 LIGHT
PENDANT INSTRUTIO

Appendix E: Instructions to install a weight supporting ceiling receptacle (WSCR).

POF
SkyOutlet IM

20240126V3.pdf

https://skyx.vids.io/videos/4490d1b41d1aelcdcd/install-the-skyoutlet

Appendix F: Instructions to install a weight-supporting attachment fitting (WSAF) for a
chain fixture.

POF
Standard Kit IM

20240409V3.pdf

hitps://skyx.vids.io/videos/d390d 1b41d1be5c35a/install-a-skyplug-chain-fixture
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| Q\) 'Public Comment No. 1453-NFPA 70-2024 [ Section No. 424.3 ]
NFPA

424.3 Reconditioned Equipment.

Reconditioned equipment shall comply with 424.3(A) and 424.3(B).

(A)—- Permitted- to-be-tnstatted .

Reconditioned equipment shall be permitted- to-be-instatted , except as indicated in 424.3(B).
(B)—- Not Permitted- to-be-tnstatted .

Reconditioned electric space-heating cables shall not be permitted- toe-be-instatted .

Statement of Problem and Substantiation for Public Comment

This public comment is made to address an issue with the first draft language changes. The proposed language in this first
revision allows electrical equipment to be reconditioned in place as the language pertains to the installation process and not
to when any equipment is reconditioned in place. With the existing language in this first revision, the only time reconditioned
equipment would not be permitted is if it is being installed. The Code does apply to existing equipment when additions or
modifications are being made. The proposed language change from "installed" to "permitted" is more inclusive.

Related Item

« FR 8941
Submitter Information Verification

Submitter Full Name: Thomas Domitrovich
Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 23 09:09:10 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Action: Rejected
Resolution: The NEC Style Manual (Section 2.2.1) requires the text shown in the First Draft to be used.




| Q\) 'Public Comment No. 20-NFPA 70-2024 [ Section No. 424.3 ]
NFPA

424.3 Reconditioned Equipment.
Reconditioned equipment shall comply with 424.3(A) and 424.3(B).

Informational Note: See NEMA CS 100-2020 "Technical Position on Reconditioned Equipment" and NEMA
standards publications GD 1-2019 "Evaluating Water-Damaged Electrical Equipment,” GD 2-2021 "Evaluating_Fire-
and Heat-Damaged Electrical Equipment,” and GD 3-2019 "Evaluating_Earthquake Damaged Electrical Equipment
Guide" for guidance as to what electrical equipment and components can and cannot be safely reconditioned and
properly marked as such.

(A) Permitted to be Installed.
Reconditioned equipment shall be permitted to be installed, except as indicated in 424.3(B).
(B) Not Permitted to be Installed.

Reconditioned electric space-heating cables shall not be permitted to be installed.

Statement of Problem and Substantiation for Public Comment

Because this change allows some use of reconditioned equipment the addition of an Informational Note to refer readers to
the appropriate NEMA standards and publications to reduce the potential for confusion and misapplication is justified.

Related Item
* FR 8941-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 11:08:01 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected
Action:
Resolution: The material suggested for this Informational Note would be better located in Article 110, as it is general in

nature and not unique to the equipment covered by this article.




| Q\) 'Public Comment No. 96-NFPA 70-2024 [ Section No. 424.4(B) ]
NFPA

(B) Branch-Circuit €enduetor Sizing.

Fixed electric

space-heating equipment and any associated motor(s) shall be considered a continuous load .

Statement of Problem and Substantiation for Public Comment

The panel rejected my Pl with the statement “The sizing of the overcurrent protective device is already addressed in other
sections and would be redundant.” Unfortunately, this statement by the panel is not accurate.
Without this 'correction,’ the conductors are sized at 125% and the OCPD is sized at 100%. Since the 125% rule in 210.20(A)
for the OCPD only applies to a "continuous load." No where in Article 424 does it specify that the loads in Article 424 are
considered 'continuous.'
Note: EV branch circuits rule [625.41] was revised in the first draft (my PI) to the same text.

Related Item

<3207
Submitter Information Verification

Submitter Full Name: Mike Holt

Organization: Mike Holt Enterprises Inc
Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 16 18:09:22 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but see related SR
Action:

Resolution: R- -NFPA 70-2024

Statement: The requirement for rating of continuous load was moved to new section 424.5. The existing section 424 .4
was updated to meet the NEC Style Manual (3.5.1.1). These changes clarify that fixed electric space-heating
equipment is a continuous load for conductor sizing and overcurrent protective device ratings for branch
circuits, feeders, and services.




| Q\) 'Public Comment No. 804-NFPA 70-2024 [ Section No. 424.38(B) ]
NFPA

(B) Uses Not Permitted.

Heating cables shall not be installed as follows:

1) In closets, other than as noted in 424.38(C)

2) Over the top of walls where the wall intersects the ceiling

(
(
(3
(
(

—

Over partitions that extend to the ceiling, unless they are isolated single runs of embedded cable
4

5) Over cabinets whose clearance from the ceiling is less than the minimum horizontal dimension of the cabinet to
the nearest cabinet edge that is open to the room or area

(6) In tub- end-showerwatts
(7) Under cabinets or similar built-ins having no clearance to the floor

~

Under or through walls

Statement of Problem and Substantiation for Public Comment

Currently floor warming in showers using heating cables and heating panels is permitted as long as they are suitable for wet
locations. It is believed that heating cables or heating panels in shower walls should be permitted similarly to any other
walls, according to the upcoming 2026 edition of Section 424.48. The reasoning for this, is because in the extremely minor
cases of total equipment malfunction, an electrical shock to a person standing in the shower is much less unlikely to occur
from the walls then from the floor. Heating from shower walls is permitted per the Canadian Electrical Code 2024, and the
upcoming new edition CSA C22.2 No. 130 will provide the testing requirements for heating from walls and from ceilings.

Related Item
» 839-NFPA 70-2020

Submitter Information Verification

Submitter Full Name: Gilles Gagnon

Organization: TemP4 Inc.

Affiliation: Schluter Systems L.P.

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 14:52:18 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected
Action:

Resolution:  The Public Comment did not provide adequate substantiation for the change. Furthermore, the suggested
text conflates bathtubs and shower walls, when the language is referring to bathtub walls and shower walls.
This comment also appears to suggest new material that did not receive public review, as required in 4.4.4.2
of the Regulations Governing the Development of NFPA Standards.




| Q\) IPuinc Comment No. 11-NFPA 70-2024 [ Section No. 425.2 ]
NFPA

425.2— tisted- 2 _ Listing_ Requirements.
Fixed industrial process heating equipment shall be listed.

Statement of Problem and Substantiation for Public Comment

Grammatical correction. The word "listed" used in this context is grammatically incorrect.

Related Item
* FR 8906-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:27:37 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Action: Rejected but see related SR
Resolution: SR-8512-NFPA 70-2024
Statement: This change corrects a typographical error in the First Draft text.




| Q\) IPuinc Comment No. 752-NFPA 70-2024 [ Section No. 425.2 ]
NFPA

425.2 tisted-Requirements Listing Requirements .

Fixed industrial process heating equipment shall be listed.

Statement of Problem and Substantiation for Public Comment

"Listing Requirements" should be the title of this section, as indicated in the NEC Style Manual.

Related Item
* FR 8906

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Sun Aug 04 15:57:40 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Action: Rejected but see related SR
Resolution: R-8512-NFPA 70-2024
Statement: This change corrects a typographical error in the First Draft text.




| Q\) IPuinc Comment No. 1734-NFPA 70-2024 [ Section No. 426.1 ]
NFPA

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, watks walkways , 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.

roads, bridge structures and similar locations.

Statement of Problem and Substantiation for Public Comment

The scope of Article 426 has been modified to accommodate the new and innovative technology for conductive pavement
systems for snow melting and deicing. The text in 426.1(A) and (B) has been revised to better identify “walkways” rather
than “walks”. In addition, “roads” has been added. Even present technology under Article 426 can be and has been used in

roadways.

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

obviously exposed.
Related Public Comments for This Document

Related Comment Relationship

Public Comment No. 1733-NFPA 70-2024 [New Definition after Definition: Concealed Knob-and-Tube
Wi...]
Public Comment No. 1735-NFPA 70-2024 [Sections Part VI., 426.50, 426.51]
Public Comment No. 1733-NFPA 70-2024 [New Definition after Definition: Concealed Knob-and-Tube
Wi...]
Public Comment No. 1735-NFPA 70-2024 [Sections Part VI., 426.50, 426.51]

Related Item
* P1 4168 and Cl 8998

Submitter Information Verification

Submitter Full Name: Charles Mello

Organization: Cdcmello Consulting Llc

Affiliation: State of lowa Department of Transportation
Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 26 20:03:24 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but see related SR
Action:

Resolution: R- -NFPA 70-2024




Statement:

The scope of the article was reduced to remove unnecessary material. The redundant classification of
“embedded” and “exposed” was removed since these systems can be either of these areas and would
therefore cover all the systems. The current text specifies “other areas” for embedded systems or “other
structures” for exposed systems which is a generalization of the areas in scope.

The informational note associated with IEEE 844 is a series and not a specific standard. It is therefore
deleted since it does not provide an appropriate guidance. IEEE 515.1 addresses a specific application (heat
tracing for commercial applications) and cannot be generally applied to electric deicing and snow-melting
equipment.




| Q\) 'Public Comment No. 1454-NFPA 70-2024 [ Section No. 426.3 ]
NFPA

426.3 Reconditioned Equipment.
Reconditioned equipment shall not be permitted- toe-be-instatted .

Statement of Problem and Substantiation for Public Comment

This public comment is made to address an issue with the first draft language changes. The proposed language in this first
revision allows electrical equipment to be reconditioned in place as the language pertains to the installation process and not
to when any equipment is reconditioned in place. With the existing language in this first revision, the only time reconditioned
equipment would not be permitted is if it is being installed. The Code does apply to existing equipment when additions or
modifications are being made. The proposed language change from "installed" to "permitted" is more inclusive.

Related Item
* FR 8944

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich
Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 23 09:13:47 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Action: Rejected
Resolution: The NEC Style Manual (Section 2.2.1) requires the text shown in the First Draft to be used.




| Q\) 'Public Comment No. 689-NFPA 70-2024 [ Section No. 427.1]
NFPA

427.1 Scope.

This article covers electrically energized heating systems and the installation of these systems used with pipelines,
vessels, and other applications for trace heating.

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.

Additional Proposed Changes

File Name Description Approved
CN_398.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 398 appeared in the First Draft Report on First Revision No. 8917.

CMP 17 should consider the informational note in regard to the NEC® Style Manual, Section 2.1.10.3.
The second sentence does not comply with the format requirement,
nor point to a specific standard and should be considered for revision or deletion.

Related Item
* First Revision No. 8917

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:19:41 EDT 2024
Commiittee: NEC-P17

Committee Statement

Committee Action: Rejected but see related SR
Resolution: SR-8513-NFPA 70-2024
Statement: Revisions have been made to satisfy the NEC Style Manual (2.1.10.3).




| * ICorreIating Committee Note No. 398-NFPA 70-2024 [ Section No. 427.1 ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:22:19 EDT 2024

Committee Statement

Committee CMP 17 should consider the informational note in regard to the NEC® Style Manual,
Statement: Section 2.1.10.3. The second sentence does not comply with the format requirement,
nor point to a specific standard and should be considered for revision or deletion.

First Revision No. 8917-NFPA 70-2024 [Detail]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 1455-NFPA 70-2024 [ Section No. 427.3 ]
NFPA

427.3 Reconditioned Equipment.
Reconditioned equipment shall not be permitted- to-be-instatted .

Statement of Problem and Substantiation for Public Comment

This public comment is made to address an issue with the first draft language changes. The proposed language in this first
revision allows electrical equipment to be reconditioned in place as the language pertains to the installation process and not
to when any equipment is reconditioned in place. With the existing language in this first revision, the only time reconditioned
equipment would not be permitted is if it is being installed. The Code does apply to existing equipment when additions or
modifications are being made. The proposed language change from "installed" to "permitted" is more inclusive.

Related Item
* FR 8947

Submitter Information Verification

Submitter Full Name: Thomas Domitrovich
Organization: Eaton Corporation

Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 23 09:15:55 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Action: Rejected
Resolution: The NEC Style Manual (Section 2.2.1) requires the text shown in the First Draft to be used.




| Q\) 'Public Comment No. 155-NFPA 70-2024 [ Section No. 680.8(B) ]
NFPA

(B) Equipment Construction.

EGC's shall be connected to a fixed metal part of the assembly. Any removable
metal part of the assembly shall be mounted on or bonded to the fixed metal part.

Statement of Problem and Substantiation for Public Comment

This PC proposes to use the acronym EGC in place of the term equipment grounding conductor. Paragraphs 2.1.2.9 and
3.2.3 of the NEC Style Manual permit the use of acronyms. Additionally, EGC is already used at 680.7(B),

Related Item
* FR 9049

Submitter Information Verification

Submitter Full Name: Vincent Della Croce
Organization: Siemens

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jul 22 14:24:44 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8397-NFPA 70-2024

Statement: The term “Equipment grounding conductor” is replaced with EGC, in accordance with NEC style manual
paragraphs 2.1.2.9 and 3.2.3 which permits the use of acronyms. Additionally, EGC is already used in
680.7(B).

PC-155: For grammatical correctness, the apostrophe after EGC was not included.




| Q\) 'Public Comment No. 547-NFPA 70-2024 [ Section No. 680.10(B) ]
NFPA

Statement of Problem and Substantiation for Public Comment

The text that is marked for deletion contains nothing that is not already addressed in Chapters 1-4. This is a violation of the
Style Manual, as 90.3 already covers the issue.

Related Item
*FR 9150

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 31 10:01:38 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected
Action:

Resolution:  Subpart (B) of 680.10 was intentionally added for 2023 and 2026 NEC. Heat pumps and chiller equipment
were added to the section as subpart (B) to address new technology that is being added to pool installations.
This new technology is still in its early stages of implementation, and CMP-17 reaffirms addressing this in this
section as it provides guidance.




| Q\) 'Public Comment No. 1128-NFPA 70-2024 [ Section No. 680.12(B) ]
NFPA

(B) Receptacles.
Receptacles shall meet the following requirements:

(1) Atleast one GFCl-protected 125-volt, 15- or 20-ampere receptacle shall be located within an equipment room.

(2) All other receptacles within an equipment room, vault, or pit shall- be-GFCtprotected-or-SPGHCHprotectedas
. bofollowi tions:

)

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 Comment

There is no need to repeat the details found in 680.5(B) and (C). Other sections of Article 680, such as 680.21(C) and (D)
680.22(A)(4), and 680.22(B)(4) simply reference the requirements of 680.5(B) and (C). There is no reason why this rule
should not do the same.

Related Item
* First Revision No. 9045-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: Don Ganiere

Organization: none

Street Address:

City:

State:

Zip:

Submittal Date: Thu Aug 15 17:12:39 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8354-NFPA 70-2024

Statement: It is unnecessary to repeat the details found in 680.5(B) and (C). Other sections of Article 680, such as

680.21(C) and (D)

680.22(A)(4), and 680.22(B)(4) simply reference the requirements of 680.5.



https://link.nfpa.org/publications/70/2023/chapters/6/articles/680#ID000700013311
https://link.nfpa.org/publications/70/2023/chapters/6/articles/680#ID000700013280

| Q\) 'Public Comment No. 688-NFPA 70-2024 [ Section No. 680.12(B) ]
NFPA

(B) Receptacles.
Receptacles shall meet the following requirements:
(1) Atleast one GFCl-protected 125-volt, 15- or 20-ampere receptacle shall be located within an equipment room.

(2) All other receptacles within an equipment room, vault, or pit shall be GFCI protected or SPGFCI protected, as
applicable, under the following conditions:

a. If supplied by branch circuits rated 150 volts or less to ground, 60 amperes or less, single-phase, or 100
amperes or less, 3-phase

b. If supplied by branch circuits exceeding 150 volts to ground but not exceeding 480 volts phase-to-phase
Additional Proposed Changes

File Name Description Approved
CN_391.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 391 appeared in the First Draft Report on First Revision No. 9054.

CMP 17 should consider revising the requirement here to refer to the general rule in
680.5 (First Revision 9045) instead of repeating the details in this section. The Correlating
Committee notes that the definition for SPGFCI in Article 100 has been

revised.

Related Item
* First Revision No. 9054

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:18:28 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8354-NFPA 70-2024

Statement: It is unnecessary to repeat the details found in 680.5(B) and (C). Other sections of Article 680, such as

680.21(C) and (D)

680.22(A)(4), and 680.22(B)(4) simply reference the requirements of 680.5.




| * ICorreIating Committee Note No. 391-NFPA 70-2024 [ Section No. 680.12(B) ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:08:21 EDT 2024

Committee Statement

Committee CMP 17 should consider revising the requirement here to refer to the general rule in

Statement: 680.5 (First Revision 9045) instead of repeating the details in this section. The
Correlating Committee notes that the definition for SPGFCI in Article 100 has been
revised.

FR-9054-NFPA 70-2024

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 814-NFPA 70-2024 [ Section No. 680.12(B) ]
NFPA

(B) Receptacles.

Receptacles shall meet the following requirements:

(1) Atleast one GFCl-protected 125-volt, 15- or 20-ampere receptacle shall be located within an equipment room.
(2) All other receptacles within_an equipr_nent room, vault, or pit shall be GFCI protected or SPGFCI protected, as

applicable, tnderthe-foltowing-conditions:

in accordance with 680.5.

Statement of Problem and Substantiation for Public Comment

As indicated in the Correlating Committee Note, this requirement can be simplified by simply pointing to 680.5.

Related Item
* FR 9045

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 17:00:03 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8354-NFPA 70-2024

Statement: It is unnecessary to repeat the details found in 680.5(B) and (C). Other sections of Article 680, such as

680.21(C) and (D)

680.22(A)(4), and 680.22(B)(4) simply reference the requirements of 680.5.




| Q\) 'Public Comment No. 815-NFPA 70-2024 [ Section No. 680.14(A) ]
NFPA

(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, liquidtight flexible nonmetallic conduit, and
liquidtight flexible metal conduit shall be considered suitable for use. Aluminum eenduit-and-tubing- wiring_methods
shall not be permitted.

Statement of Problem and Substantiation for Public Comment

As written, aluminum cables are permitted while aluminum raceways are not. None of these options provide sufficient
corrosion protection, so the rule should be clarified and expanded to address all wiring methods.

Related Item
* FR 9060

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 17:03:44 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8355-NFPA 70-2024

Statement: In NEC 2023 requirements, aluminum cables are permitted while aluminum raceways are not. None of

these options provide sufficient corrosion protection, so the requirement has been clarified to address all
aluminum wiring methods.




| Q\) IPuinc Comment No. 14-NFPA 70-2024 [ Section No. 680.21(C) ]
NFPA

(C) Ground-Fault Protection.
Outlets serving pool motors shall have ground-fault protection complying with 680.5(B) or 680.5(C), as applicable._

located on the branch circuit connected to the input terminals of the VFD, and not on the circuit between the output
terminals of the VFD and the motor.

Exception: Listed low-voltage motors not requiring grounding, 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 be permitted to
be installed without ground-fault protection.

Statement of Problem and Substantiation for Public Comment

FR language in Section 680.21(C) does not clearly address proper and safe application of GFCI and SPGFCI protection for
variable-speed motors. The proposed language is added to clarify that the ground-fault protected outlet serving the motor
must be installed on the line (input) side of the variable-frequency drive (VFD). As written, current language can
misinterpreted to require the GFCI/SPGFCI be installed on the output (motor) side of the VFD (which is being incorrectly
interpreted to be the outlet serving the motor). The output of a VFD, which is what actually connects to the variable speed
motor, is a pulse-width modulated variable-voltage output which is incompatible with the internal power supply of the GFCI or
SPGFCI (which utilizes the line voltage to power the electronics). The result is that a GFCI or SPGFCI connected in such a
fashion offers no ground-fault protection for the motor and may catastrophically fail. This is not the same issue as nuisance
tripping from GFCls which are properly installed on the input side of the VFD.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 13-NFPA 70-2024 [Section No. 680.21(D)]
Related Item
* FR 9153-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:41:56 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but held
Action:

Resolution: Code-Making Panel 17 believes that there is merit to the proposed language and that it would provide
guidance to the users of the NEC. The proposed language has not received public review, as required by
4.4.4.2. of NFPA's Regulations Governing the Development of NFPA Standards. The comment will be held
until the next revision cycle, in accordance with 4.4.8.3 of the Regulations.




| Q\) 'Public Comment No. 13-NFPA 70-2024 [ Section No. 680.21(D) ]
NFPA

(D) Pool Pump Motor Replacement:
Where

,_.Reconditioning, or Repair

If a pool pump motor in 680 21(C) is replaced recondltloned,_ or repaired, the reptacementortepaired-pump-motor
h v v with- 686-5(B) -or- 686-5(C) —as-apptlicabte outlet serving_it

Statement of Problem and Substantiation for Public Comment

This FR revision failed ballot because it made unintended elimination of some GFCI/SPGFCI requirements, which was not
the intent of the Panel. The revised wording provides the clarification intended in the FR revision language but incorporates
the intended .GFCI/SPGFCI requirements.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 14-NFPA 70-2024 [Section No. 680.21(C)]
Related Item
* FR 9153-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:31:38 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:
Resolution:  SR-8367-NFPA 70-2024
Statement: The revised wording provides the clarification intended in the FR revision language and incorporates the

intended GFCI/SPGFCI requirements. The term “reconditioned” was added to clarify the type of equipment
that this applies to. The title was changed to reflect the changes made in the text.




| Q\) 'Public Comment No. 692-NFPA 70-2024 [ Section No. 680.21(D) ]
NFPA

(D) Pool Pump Motor Replacement.

Where a pool pump motor in 680.21(C) is replaced or repaired, the replacement or repaired pump motor shall be
provided with ground-fault protection complying with 680.5(B) or 680.5(C), as applicable.

Additional Proposed Changes

File Name Description Approved
CN_392.pdf

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 392 appeared in the First Draft Report.

The Correlating Committee directs CMP 17 to add any reconditioned equipment

requirements to the XXX.3 section in accordance with NEC Style Manual Section 2.2.1. Once it is
established which type(s) of reconditioned equipment are permitted to be installed, the panel can
then state the GFCI requirements in this section referring back

to the general rule as is done in FR-9153.

Related Item
* Correlating Committee Note No. 392

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:23:23 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected
Action:
Resolution: Reconditioned equipment is permitted by 110.20, and reconditioned motors are permitted by 430.3. There is

no reason to reiterate that fact here by adding a new 680.3, and doing so would be a violation of the NEC
Style Manual (Section 4.1.2).




| * ICorreIating Committee Note No. 392-NFPA 70-2024 [ Section No. 680.21(D) ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:11:50 EDT 2024

Committee Statement

Committee  The Correlating Committee directs CMP 17 to add any reconditioned equipment

Statement: requirements to the XXX.3 section in accordance with NEC Style Manual Section 2.2.1.
Once it is established which type(s) of reconditioned equipment are permitted to be
installed, the panel can then state the GFCI requirements in this section referring back
to the general rule as is done in FR-9153.

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 816-NFPA 70-2024 [ Section No. 680.21(D) ]
NFPA

(D) Pool Pump Motor Replacement.

W-here— If a pool pump motor m—689—2+(-e) is replaced recondltloned,_ or repalred the replaeement—eﬁreperred

680.5.

Statement of Problem and Substantiation for Public Comment

This comment addresses the concerns in the negative voting on Cl 9153.

Related Item
* Cl 9153

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 17:08:33 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:
Resolution:  SR-8367-NFPA 70-2024
Statement: The revised wording provides the clarification intended in the FR revision language and incorporates the

intended GFCI/SPGFCI requirements. The term “reconditioned” was added to clarify the type of equipment
that this applies to. The title was changed to reflect the changes made in the text.




| Q\) 'Public Comment No. 693-NFPA 70-2024 [ Section No. 680.22(A)(4) ]
NFPA

(4) Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-Interrupter (SPGFCI)
Protection.

All receptacles 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, under the following conditions:

(1) If supplied by branch circuits rated 150 volts or less to ground, 60 amperes or less, single-phase, or 100
amperes or less, 3-phase

(2) If supplied by branch circuits exceeding 150 volts to ground but not exceeding 480 volts phase-to-phase
Additional Proposed Changes

File Name Description Approved
CN_393.pdf

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 393 appeared in the First Draft Report on First Revision No. 9065.

CMP 17 should consider revising this requirement to state the receptacles located within 6.0 m (20
ft) of the inside walls of a pool shall have GFCI protection in accordance with 680.5(B) or SPGFCI
protection in accordance with 680.5(C), as applicable, to eliminate the redundancy between these sections.

Related Item
* First Revision No. 9065

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:24:53 EDT 2024
Commiittee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8371-NFPA 70-2024

Statement: Redundant language was removed from 680.22(A)(4) as there already is a reference to 680.5(B) and

().




| * ICorreIating Committee Note No. 393-NFPA 70-2024 [ Section No. 680.22(A)(4) ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:13:21 EDT 2024

Committee Statement

Committee CMP 17 should consider revising this requirement to state the receptacles located

Statement:  within 6.0 m (20 ft) of the inside walls of a pool shall have GFCI protection in
accordance with 680.5(B) or SPGFCI protection in accordance with 680.5(C), as
applicable, to eliminate the redundancy between these sections.

First Revision No. 9065-NFPA 70-2024 [Section No. 680.22(A)(4)]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 817-NFPA 70-2024 [ Section No. 680.22(A)(4) ]
NFPA

(4) Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-Interrupter (SPGFCI)
Protection.

All receptacles 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 eemptying-in accordance with 680.5(C), as applicable;tnderthe-foltowing

Statement of Problem and Substantiation for Public Comment

This simplifies the language by simply pointing to 680.5.

Related Item
* FR 9065

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 17:13:30 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: R-8371-NFPA 70-2024

Statement: Redundant language was removed from 680.22(A)(4) as there already is a reference to 680.5(B) and

().




| Q\) IPuinc Comment No. 22-NFPA 70-2024 [ New Section after 680.22(C) ]
NFPA

(D)Portable Signs

walls of a pool.

Statement of Problem and Substantiation for Public Comment

680.22 Lighting, Receptacles and Equipment contains requirements for electrical receptacles and devices including
luminaires, lighting outlets, ceiling-suspended fans, switching devices, other outlets, and other equipment, which are located
in proximity to pools. FR 9129 added a similar provision for electric signs, which would be more appropriately included in the
text of 680.22 under 2.1.4.1 of the Style Manual, as it is also electrical equipment in proximity to a pool. The revised
language submitted simply moves the intact language of the new 680.29 and relocates as 680.22(D). See also
accompanying Public Comment 23-NFPA 70-2024.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 23-NFPA 70-2024 [Section No. 680.29]
Related Item
* Public Comment 23-NFPA 70-24

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 11:16:18 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:
Resolution: SR-8375-NFPA 70-2024
Statement: The proposed relocation of 680.29 into first level subdivision D under 680.22 improves clarity and aligns with

overall layout of NEC style manual. This relocation does not alter technical content. Additionally, 680.22(D)
and (E) were re-lettered to maintain proper sequence.




| Q\) 'Public Comment No. 17-NFPA 70-2024 [ Section No. 680.23(B)(2) ]
NFPA

(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 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, and also in the junction box-efr,_the transformer
enclosure, or the 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 Comment
There is an unintended consequence in the 680.23(B)(2)(b) FR language, which can create confusion, as it could be

construed to mean the bonding jumper could be connected on only one end. The revised language provides the necessary
clarification.

Related Item
* FR 9086-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:57:02 EDT 2024
Commiittee: NEC-P17

Committee Statement

Committee  Rejected but see related SR
Action:

Resolution: SR-8413-NFPA 70-2024

Statement:  This revision provides clarification, as the previous language created ambiguity, potentially implying bonding
termination being required only at one end. Power supply was added for consistency with other sections of
Article 680. This change ensures that all necessary components are properly bonded, reducing confusion and
improving clarity. The section was revised to a list format to comply with the NEC Style Manual (3.5.2).




| Q\) 'Public Comment No. 818-NFPA 70-2024 [ Section No. 680.24(D) ]
NFPA

(D) Grounding Terminals.
Grounding terminals shall comply with therequirementsin-680.24(D)(1) and 680.24(D)(2), as applicable.

(1) Number of Grounding Terminals.

Junction boxes, transformer and power-supply enclosures, and 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 are-ro-is no fewer than one more than the number of conduit entries.

(2) Connected to Panelboard Enclosure.

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 an equipment
grounding conductor, which is directly connected to the panelboard enclosure.

Statement of Problem and Substantiation for Public Comment

sentence refers to a singular word (number, not "numbers").

Related Item
* FR 9099

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 17:20:15 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: R-8374-NFPA 70-2024

Statement: This revision deletes redundant language (“the requirements in”) to comply with 4.1.3 of the NEC Style

This comment deletes unnecessary words to comply with 4.1.3 of the NEC Style Manual, and changes "are" to "is" where the

Manual, and changes "are" to "is" where the subject of the sentence is singular (“number”, not "numbers").




| Q\) 'Public Comment No. 10-NFPA 70-2024 [ Section No. 680.24(D)(1) ]
NFPA

(1) Number of Grounding Terminals.

Junction boxes, transformer and power-supply enclosures, and 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 are-is no fewer than one more than the number of conduit entries.

Statement of Problem and Substantiation for Public Comment

Grammatical correction. The use of the word "are" in this instance is grammatically incorrect.

Related Item
* FR 9099-NFPA 70-2024

Submitter Information Verification

Submitter Full Name: E. P. Hamilton

Organization: E. P. Hamilton &amp; Associates, |
Affiliation: Self

Street Address:

City:

State:

Zip:

Submittal Date: Wed Jul 10 10:25:00 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8374-NFPA 70-2024

Statement: This revision deletes redundant language (“the requirements in”) to comply with 4.1.3 of the NEC Style

Manual, and changes "are" to "is" where the subject of the sentence is singular (“number”, not "numbers").




| Q\) IPuinc Comment No. 292-NFPA 70-2024 [ Section No. 680.26(B)(1) ]
NFPA

(1) Conductive Pool Shells.

Bonding to conductive pool shells shall be provided as specified in 680.26(B)(1)(a) or 680.26(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 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) - €Eopper-Conductor-Gtid Conductive Grid . A copper or 40% copper-clad steel conductor grid shall be
provided in accordance with the following:

(3) Be constructed of minimum 8 AWG bare solid copper_or 40% 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.)

Additional Proposed Changes

File Name Description Approved

Technical Report Highlighting Corrosion Mechanism

CCS_Corrosion_paper_Rev2.pdf of Cut Ends of 40% CCS

2024.08.27_CCS_Corrosion_Testing_-

" Exponent_Report.pdf Corrosion Testing

Transient / Lightning Current Comparative Research
2024.08.27_Lightning_Testing_Report.pdf of Electrical Connections: Cu and 40% CCS
Conductors

Statement of Problem and Substantiation for Public Comment

The following is the CMP17 panel statement from the First Revision of the 2026 Cycle regarding this question: "CMP17 has
concerns including corrosion at the ends of copper-clad steel conductors and copper-clad reenforcing steel installed in
concrete, earth, or other corrosive environments. CMP17 also requests data showing how the product reacts to exothermic
welding, as that process is a permitted method of connection in this section."

The panel's concerns are addressed here:

First, 40% CCS has a similar corrosion performance profile to copper on the galvanic scale. When Cu/CCS conductors are
electrically connected in simulated seawater (sodium chlorides - considered an extremely corrosive environment), the rate of
galvanic corrosion differs by only a few percentage points when compared to Cu/Cu and CCS/CCS pairs. This is in stark
contrast to when bare steel and copper (or bare steel and 40% CCS) are coupled together in simulated seawater, as the
differences in the rates of galvanic corrosion are a level of magnitude greater: +/- 15 X higher.

The data demonstrates that for pool locations, 40% CCS would perform equivalently to, if not better than, copper in general
terms.

But it also indicates that it would perform equally or better than copper both in concrete (caustic) and acidic soils. When
comparing the general corrosion rates in simulated seawater of the two metals individually, 40% CCS actually has a lower
corrosion rate than copper. The general corrosion rate of 40% CCS was calculated to be 2.92 thousandths of an inch per
year, whereas the corrosion rate for copper was nearly three times higher -- 8.35 thousandths of an inch per year.

Please find the attached report from Exponent, a U.S. scientific research firm with an active practice in the disciplines of
corrosion science and forensics. Scientific reporting by Exponent must undergo a strict internal quality control process, as
much of the company's work is peer reviewed for educational purposes or used in forensic evaluations for litigation.
Corrosion science is a branch of materials science, and both authors of the report are PhD level materials scientists.




The corrosion mechanism of the cut ends of 40% CCS is well understood, as literally hundreds of millions of feet of 40%
CCS wire and cable are in use today around the world in below grade utility applications. Ferrous oxides form immediately
at the cut ends of CCS when buried in soil. Over time, as these ferrous oxides continue to grow thicker, they form a hard
protective barrier on the steel, prohibiting further corrosion of the core.

Second, regarding 40% CCS's ability to be exothermically welded, the world's largest and most recognized manufacturer of
exothermic welding systems and equipment, nVent Erico, recently published information on its website in September 2023
reconfirming the compatibility of their exothermic systems with 40% CCS conductors. This information may be found at
https://blog.nvent.com/nvent-erico-and-copperweld-partnership/. The knowledge surrounding this question has been settled
for decades. In fact, most 40% CCS strand in use today for substation grounding is exothermically welded.

| encourage CMP17 members to also view the technical substantiation included in NEC 2026 Public Comments 218, 193,
194 and 195. These PCs deal with various Article 250 grounding and bonding applications pertaining to 40% CCS. The data
therewith should provide further insight into Article 680 questions regarding the performance of 40% CCS.

Related Item
* P12019

Submitter Information Verification

Submitter Full Name: Peter Graser

Organization: Copperweld Bimetallics, LLC.
Affiliation: ABA

Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 27 17:14:55 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:
Resolution: SR-8381-NFPA 70-2024
Statement: Data and substantiation provided indicate that copper-clad steel will perform satisfactorily to provide
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Acronyms and Abbreviations

pQ microohms

A ampere or amps

AC alternating current

Al aluminum

AWG American Wire Gauge

CCS copper-clad steel; also 40% CCS

NOTE: When referencing the tests outlined in this report, CCS refers to copper-clad
steel where the product is designed to have 40% of the conductivity of the same-
sized copper conductor at 60 Hz.

Cu copper

DC direct current

EGC equipment grounding conductor

GE grounding electrode

GEC grounding electrode conductor

Hz hertz

IEC International Electrotechnical Commission
IEEE Institute of Electrical and Electronics Engineers
J Joules

kA kiloamps

kHz kilohertz

kJ kilojoules

kV kilovolts

mm millimeter

ms milliseconds

NEC National Electrical Code (NFPA 70)
NFPA National Fire Protection Association

UL Underwriters Laboratories

A% voltage or volts

us microseconds

Q Ohms
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1.0

Introduction

The National Fire Protection Association (NFPA) is a non-profit organization that
publishes over 300 consensus codes and standards intended to minimize the possibility

and effects of fire and other risks.

NFPA 70: National Electrical Code (NEC) is a consensus standard produced by NFPA
that is designed to govern electrical installations.! Article 250 of the NEC provides

requirements related to grounding and bonding of electrical installations.

NFPA 780: Standard for the Installation of Lightning Protection Systems (NFPA 780) is
a standard produced by NFPA to provide lightning protection system (LPS) installation

requirements.’

40% copper-clad steel (CCS)>* was recently proposed as a material for use as a
grounding electrode conductor (GEC) in the NEC. It was also recently proposed as a

material for use as an LPS down conductor in NFPA 780.°

To provide code setters insight into the performance of CCS in GEC and LPS
applications, Copperweld Bimetallics LLC (Copperweld), retained Exponent, Inc.
(Exponent) to develop and conduct testing programs to evaluate the lightning-conduction
performance of CCS conductors when interfaced with typical GEC and LPS connection
hardware. For this testing, Copperweld requested that Exponent also perform testing on
equivalently sized copper conductors to provide reference for CCS conductor

performance.

I NFPA 70: 2023. National Electrical Code.
2 NFPA 780: 2023. Standard for the Installation of Lightning Protection Systems.
3 ASTM B910/B910M-07: 2018. Standard Specification for Annealed Copper-Clad Steel Wire.

Copper-clad steel is a composite material consisting of a steel core and an outer layer of copper metallurgically

bonded together. 40% copper-clad steel as an electrical conductor has a nominal conductivity at 60 Hz of 40%
that of an equivalently sized copper conductor.

Exponent understands that these proposals were submitted through the NFPA’s public input process.

2305824.001 - 2476 1



2.0

Executive Summary

2.1

211

Exponent conducted two testing programs to evaluate the lightning conduction
performance of 40% copper-clad steel (CCS) conductors when used in grounding
electrode conductor (GEC) and lightning protection system (LPS) down-conductor
applications. All tests performed involving CCS conductors were also performed

involving equivalently sized copper conductors to provide a performance reference.

Connector Testing with CCS and Copper Conductors

The first testing program utilized the IEC 62561-1:2023° standard as a guide to evaluate
the resiliency of CCS conductor terminations in standard connector components. In these
tests, emulated lightning impulse currents were imparted on 90° connection points in
GEC-style terminations and LPS-style conductor splice connections. The conduction of
the emulated lightning impulse in this connection configuration puts electrical, thermal,

and electromagnetic stresses on the conductor terminations.

Testing Overview

Tested assemblies included:

e 8 AWG and 4 AWG solid CCS and solid copper conductors interfaced with

equipotential termination busbars typical of use in 200 A electrical service panels,

e 4/0 19-strand CCS and copper conductors interfaced with LPS cross connectors listed

for Class I and Class II LPS installations, and

e 4/0 19-strand CCS and copper conductors interfaced with LPS two-bolt straight (“in

line”’) connectors listed for Class I and Class II LPS installations.

Samples of each assembly type were tested using nominally 30 kA unipolar emulated

lightning impulse current waveforms. Additional samples involving busbars were tested

6

IEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection

components.

2305824.001 - 2476 2



10.

21.2

11.

12.

13.

14.

15.

16.

17.

using nominally 66 kA oscillatory waveforms, and additional samples involving LPS

connectors were tested using nominally 100 kA oscillatory waveforms.

Tested assemblies were evaluated based on their visual appearance (connector integrity),
the extent of any conductor displacement, the contact resistance through the connector,

and the magnitude of torque required to loosen the connector bolts.

Testing Results

None of the tested assemblies, involving either CCS or copper conductors, exhibited any
visual signs of connector or conductor degradation in integrity. No cracks, deformation,

or loose parts were observed.

None of the tested assemblies exhibited any movement in the conductors from their

original termination points as a result of the applied emulated lightning impulses.

None of the tested assemblies exhibited significant increases in contact resistances as a
result of the applied impulse currents, and all connections exhibited contact resistances
well below the maximum contact resistance limit of 3 mQ as set forth by the IEC

62561-1:2023 standard.

All busbar assemblies tested met the IEC 62561-1:2023 loosening torque requirement
that states that the loosening torques must be greater than 25% and less than 150% of the
torque required to tighten the busbar terminal bolts. This was true for both CCS and

copper conductors.

Similarly, all LPS two-bolt straight connector assemblies tested met this loosening torque

requirement. This was true for both CCS and copper conductors.

Of the LPS cross connector assemblies tested, two interfaced with copper conductors and
one interfaced with CCS conductors exhibited bolt loosening torques lower than those
required by the IEC 62561-1:2023 standard. It is important to note however that the LPS
connectors used in testing are sold in the United States and thus subject to listing in

accordance with UL 96 and not to the IEC 62561-1:2023 standard.

Thus, despite the failures exhibited by the assemblies involving LPS cross connectors,

there was no indication that the CCS conductors contributed to these results.

2305824.001 — 2476 3



2.2

18.

2.21

19.

20.

2,22

21.

22.

Connector Testing with CCS and Copper Conductors

The second testing program subjected CCS and copper conductors to emulated lightning
currents, and the resulting transient voltages were measured to characterize the over-

voltages that may be generated on the conductors during lightning events.

Testing Overview

Tested samples included:

e 8 AWG solid copper and solid CCS conductors,
e 4 AWG solid copper and solid CCS conductors, and

e 4/0 19-strand copper and CCS conductors.

Testing involved imparting nominally 1 kA, 5 kA, 10 kA, and 20 kA unipolar emulated
lightning waveforms on straight sections of each conductor type and using high-
impedance voltage probes to measure the differential transient voltage generated across

an approximately three-foot section of conductor.

Testing Results

The peak differential voltages generated on CCS conductors were similar to those
generated on equivalently sized copper conductors. This was true for all current
magnitudes and across all conductor sizes. Additionally, the voltage peaks occurred

during the fast rise-time of the lightning waveforms.

These results indicate that the presence of the steel core and the lower overall 60 Hz
conductivity of the CCS conductors compared to the copper conductors did not have
significant impacts on the magnitudes of the transient voltages. Instead, these voltages

appear most affected by the inductance created by the conductor and circuit geometry.

2305824.001 — 2476 4



3.0

Testing Overview

3.1

23.

24.

25.

Testing Programs

Exponent undertook two testing programs to evaluate the lightning conduction
performance of 40% copper-clad steel (CCS) conductors and associated connectors when
used as grounding electrode conductors (GECs) and lightning protection system (LPS)
down-conductors. These tests were designed to evaluate this performance when using

equivalently sized copper conductors as a reference.

The first testing program utilized the IEC 62561-1:20237 standard as a guide for
investigating the resiliency of CCS conductor terminations in standard connector
components. In these tests, two conductors and one connector were configured to form a
90° connection point. Emulated lightning impulse currents were then imparted into one
conductor, through the 90° connection point, and then out the other conductor. In
addition to the electrical and thermal stresses this current imparted on the conductor
termination points, the 90° geometry of the test also subjected electromechanical forces
on the conductors and connectors due to the interaction of the generated magnetic fields
and the conducted current. Diagrams of example setups showing the general testing

configuration for various connector types are provided in Figure 1.

The testing performed during this investigation focused on the following connector types:

e Equipotential termination busbars typical of use in 200 A electrical service
panels,

e LPS cross connectors listed for Class I and Class II LPS installations, and

e LPS two-bolt straight (or “in line”) connectors listed for Class I and Class 1I
LPS installations.®

IEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection

components.

8 Class I and Class II are defined in NFPA 780: 2023. Standard for the Installation of Lightning Protection
Systems. §3.3.31.

2305824.001 - 2476 5



26.

The busbar connectors were tested in combination with both 8 AWG and 4 AWG solid
CCS and solid copper conductors. The LPS cross connection connectors and the LPS
straight two-bolt connectors were tested in combination with 4/0 19-strand CCS and

4/0 19-strand copper conductors.

Impulse Impulse Impulse
current current current

B1 1| B2 1 B3 ol

Cross connector Parallel connector In line connector

Connector Connector .
= i WS _ S P

Figure 1. Example configurations of IEC 62561-1: 2023 electrical impulse test setup

3.2

27.

28.

diagrams.® Annotations added by Exponent.

Lightning Current Impulse Waveforms

Lightning flashes discharge electricity from cloud(s) to earth and consist of one or more
lightning strokes. Short strokes are the components of lightning flashes that discharge
impulse currents to earth. These impulse currents are characterized by extremely fast rise
times and longer decay times as shown in Figure 2, reproduced here from IEC62305-1:

Protection against lightning — Part 1: General principles.

These waveforms are often defined by three parameters, the front time (T), the time to
half value (T2), and the peak current (I). The front time defines the time required for the
waveform to increase to 90% of its peak value, while the half value defines the time it

takes for the current to decay to half its peak value.

® 1EC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection
components. Annex B. Figure B.1.

2305824.001 — 2476 6



29. The 10/350 ps (front time of 10 ps, time to half of 350 us) waveform is often used by
various standards for evaluating the performance of various electrical and electronic

systems intended to protect against the effects of lightning strikes.

Key

90 %

O, virtual origin

I+

1

! peak current

T front time

/ 50 % 1

T. time to half value

2

10 %

O4

-« 71—

T2

IEC 2616/10

Figure 2. Representative impulse current shape defined by the front time, time to half
value, and peak current parameters.™

30.  IEC 62561-1:2023 defines the requirements for metallic connection components that
form part of a lightning protection system (LPS). Table 1 in this standard, reproduced
here as Table 1 of this report, specifies the peak current and specific energy required for
testing components of Class H (heavy duty) and Class N (normal duty). The specific

energy is the time integral of the square of the lightning impulse current.

31. While a specific waveform is not required, the informational note provided with Table 1
indicates that an exponentially decaying unipolar!! waveform with a time to half value of

350 ps and corresponding peak current will fulfill the specific energy requirement.

10 TEC62305-1: Protection against lightning — Part 1: General principles. Annex A. Figure A.1.

1 TEC 62561-1:2023 §6.6.1 states that “the impulse current shall show no reversal...” which Exponent interprets as
requiring a unipolar waveform.

2305824.001 — 2476 7



Table 1. Lightning impulse parameters required for testing in accordance with IEC 62561-

1:2023.12
Classification Iimp /R
kA kJi
=10 % +45
* T %
100 2 500
50 625

NMOTE The parameters specified in this Table 1 can typically be achieved by an exponentially decaying
lightning impulse current having a time to half value in the range of 350 ys according to IEC 62305-1.

32.  Historically, the 10/350 ps was selected as a representative test waveform to emulate a

high-energy lightning impulse waveform.'® For example, the Class H requirements of

100 kA and 2500 kJ/Q according to IEC 62305-1, correspond to the 95™ percentile of

lightning strikes.'*

33. To perform our investigation, Exponent contracted with a third-party lightning test

laboratory. This lab can produce unipolar 10/350 ps impulse waveforms with peak

currents up to approximately 30 kA. An example waveform recorded during testing is

provided in Figure 3. While this waveform does not meet the magnitudes specified under

IEC 62561-1:2023 Table 1, the waveform peak current does approximately correspond to

a median first positive lightning stroke, a rarer but generally more energetic lightning

stroke, and it exceeds the median peak currents for first negative and subsequent negative

strokes, the more frequent types of lightning strokes.'®> Therefore, this 30 kA 10/350 us

unipolar waveform is representative of a typical lightning stroke and therefore useful for

our evaluation.

34. The third-party laboratory does have the capability of producing an oscillatory 100 kA

peak current with a time to half value that meets the requirements of IEC62561-1:2023,

however, because this current oscillates positive and negative, it imparts a different

electromagnetic force profile on the connector assembly than the unipolar waveform.

12" Table 1 is reproduced from IEC 62561-1:2023, §6.6.1: General test conditions.

13 G. Clifford. Putting 10/350 Under the Microscope. Electrical Construction & Maintenance. November 2003.

IEC62305-1: Protection against lightning — Part 1: General principles. See Tables 3 and 5 regarding lightning

protection level (LPL) maximum parameters and probabilities these parameters will exceed those of lightning

strikes. Additionally, see Appendix A, Tables A.1, A.2, and Figure A.5.
TIEC62305-1: Protection against lightning — Part 1: General principles. Annex A. Table A.1.
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Its higher energy nature does still provide large electrical and thermal stresses on the
connector assembly. An example of the 100 kA oscillatory waveform recorded during

testing is provided in Figure 4.

E (I] DI5 1‘ 1I5 2
Time (ms)
Figure 3. Example unipolar waveform recorded during testing. The waveshape of the

impulses used approximately matched the 10/350 us waveform.

100 f A ' ' ' ' ' 1
80 | A 1
- 1
40 [ |I T . |

20 FL ot

Current (kA)
i

||||I ‘H"
20 ‘IL‘\‘E'U .

A0 b [ { IUI i
\ [ 1
[ " 1, \.'
-60 [ |‘ | ‘I I\ V i
| |
| \/

-80 U v R
-100 | I | I I I I I | il
-0.2 0 0.2 0.4 0.6 0.8 1 1.2 1.4

Time (ms)
Figure 4. Example oscillatory impulse waveform recorded during testing. The “envelope” of

this waveform measured as approximately 20/450 us.
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4.0 Connector Testing with CCS and Copper Conductors

4.1 Busbar Testing Setup

35. The busbar test setups were constructed using busbars intended for use in 200 A service
panels. Samples were interfaced with 8 AWG solid CCS conductors, 8 AWG solid
copper conductors, 4 AWG solid CCS conductors, or 4 AWG solid copper conductors.
The busbars used in testing were listed for use with both sizes of conductor. These test
setups were constructed following the arrangement for the testing of equipotential
bonding bars in IEC 62561-1:2023.!° This arrangement diagram is reproduced here in

Figure 5. All specified dimensions are in millimeters.

36. No corrosion conditioning of the busbar samples was required per IEC 62561-1:2023 as

the busbar samples are intended for indoor installations.!”

37. Figure 6 shows a completed busbar test setup with 4 AWG wiring.

16 TEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection
components. §6.4.1.

17 TEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection
components. §6.5.
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Impulse
Flexible lead C‘ul‘l‘ent

,é
/ )141

3
2
e
o
o
/| &
4
%)
©
3 Y
3 3 4
3
.- RS ) {
400
- -
IEC
Key
1 Equipotential bonding bar
2 Plate made of insulating material
3 Rigid fastener
4 Conductor
5 Fixing points of equipotential bonding bar
6 Connection to be tested
Figure 5. Diagram of busbar testing setup. Dimensions are provided in millimeters.'®

Annotations added by Exponent.

18 TEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection
components. §6.4.f. Figure 4.
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Figure 6. Example busbar and 4 AWG GEC test setup.

4.2 Lightning Protection System Connector Testing Setup

38. Two types of LPS connectors were used in testing:

e Bronze two-bolt cross connectors, and

e Brass two-bolt straight connectors.

2305824.001 — 2476 12



39.

40.

41.

42.

43.

Setups were constructed using 4/0 AWG, 19-strand conductors of either copper or CCS.
Both the cross-connectors and straight connectors are listed for use in Class I and Class 11
LPS systems and can accommodate conductors up to 0.56” in diameter. The 4/0-19
strand conductors are approximately 0.53” in diameter and thus fit the connector size
requirement. CCS is not a listed material for use as an LPS conductor, however the

4/0 19-strand CCS conductor does meet the strand diameter, weight, and area minimums

for Class II conductors of copper as listed in UL 96."°

The cross connector setups were constructed following the arrangement for cross
connection component assemblies as specified in IEC 62561-1:2023 6.4.1, reproduced

here as Figure 7. All specified dimensions are in millimeters.

The straight connector setups were constructed following Figure B.1 (B3) and Figure 2 as
specified in IEC 62561-1:2023 6.4 f. These figures are reproduced here as Figure 8. All

specified dimensions are in millimeters.

[EC 62561-1:2023, requires LPS splice connector assemblies be corrosion conditioned
prior to electrical impulse testing. The Lightning Protection System testing setups were
aged and conditioned (as described in Annex D of [EC 62561-1:2023) using a salt mist

treatment followed by a humid sulfurous atmosphere treatment.’

Figure 9 and Figure 10 show examples of assembled cross and straight connectors with
conductors, respectively, prior to the corrosion conditioning process. Figure 11 contains a

photograph of an example completed assembly after the corrosion process.

19 UL 96: 2023, Lightning Protection Components. Table 21.1.
20 See IEC 62561-1:2023, Annex D for further details.
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Figure 7. Cross connection component test assembly diagram. All dimensions are

provided in millimeters.?! Annotations added by Exponent.

21 TEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection

components. §6.4.f. Figure 1.
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Figure 8. Straight-connection (in-line) component test assembly diagram (top, Figure B.1

(B3)) and parallel connection component test assembly diagram (bottom,
Figure 2)). The proper test setup of the in-line component matches the

dimensions of the parallel component test setup. All dimensions are provided in
millimeters.?? Annotations added by Exponent.
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Figure 9. Photograph of example cross-connector LPS assembilies prior to corrosion
conditioning.

Figure 10. Photograph of example two-bolt straight connector LPS assemblies prior to
corrosion conditioning.

22 1EC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection
components. §6.4.f. Figure 2.
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Figure 11. Example cross connector assembly following the corrosion conditioning process.

4.3 Testing and Evaluation

44.  Prior to testing, the contact resistance through each connector assembly was measured
using a Raytech Micro Junior 2 microohm meter operated at the 10 A application setting.
For the LPS connector assemblies that received the corrosion conditioning, the contact
resistance was measured after the assembly process (but before the conditioning process)
and after the conditioning process (but before the impulse testing). These measurements
are not required by IEC 62561-1:2023, however they provide the ability to assess any
changes in contact resistance as a result of the corrosion application or the impulse
testing. For these measurements, the sense leads of the microohm meter were clamped to

the conductors on either side of the connector and as close to the connector as possible as

2305824.001 — 2476 1 7



prescribed by IEC 62561-1:2023.?° Figure 12 shows a photograph of an example contact

resistance measurement.

45. As dictated by IEC 62561-1:2023, each test assembly was stressed three times by the

applied impulse current with the time interval between individual impulses sufficient to

allow the assembly to cool down to approximately ambient temperature.?*

46. Following the three applications of impulse current, each test assembly was evaluated

through four acceptance criteria as prescribed by IEC 62561-1:2023, for “non-

permanent” connection components:

Connector Integrity — A visual inspection was performed to identify any
connector cracks, loose parts, or deformation, any of which would constitute a
failed test.

Conductor Displacement — The displacement of the conductors following
testing was measured and recorded. Any displacement needs to be less than
17 mm after the completion of testing.

Contact Resistance — A final contact resistance measurement was collected
after testing. This measurement is to be equal or less than 3 mQ.

Loosening Torque — The torque required to loosen the bolts of the connector
were recorded. This loosening torque is required to be great than 0.25 and less
than 1.5 times the applied tightening torque.

47. The torque applied to each connector was based on the tightening torque provided by the

connector manufacturers. These values and the loosening torque boundary values for

each connector and conductor size are provided in Table 2.

Table 2. Nominal torque applied during assembly of connectors and the post-testing
boundaries for loosening torque.
Torgue Loosening Torque (in-lbs
Connection Type Conscliuctor Specific::ation Lower ° e )
ize (in-Ibs) Bound Upper Bound

200 A Busbar 8 AWG 25 6.25 375
200 A Busbar 4 AWG 35 8.75 52.5
Cross-Connector 4/0 80 20 120
Straight Connector 4/0 80 20 120

23

IEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection

components. §6.6.2.

24

IEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection

components. §6.6.1.
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Figure 12. Example contact resistance measurement measured from points on the
conductors as close as possible to the connector.

4.4 Testing Results

48. Table 3 provides a full list of samples tested along with the nominal impulse waveform
applied to each sample. As described in IEC 62561-1:2023 6.6.1, each sample received
three impulse waveforms. Each applied impulse waveform was recorded using a
Pearson 1423 current monitor output to a Tektronix TDS3034C Oscilloscope, and the
peak current and specific energy were calculated for each test. Appendix A, Table A - 1

through Table A - 4 provide these parameters for each impulse applied.

Table 3. List of test samples along with applied impulse waveform.
Sample Name Connector Conduc_:tor Conc_luctor Nominal Waveform
Type Material Size

8 AWG Cu 1 Busbar Copper 8 AWG 30 kA 10/350 ps unipolar

8 AWG Cu 2 Busbar Copper 8 AWG 66 kA 20/450 ps oscillatory
8 AWG CCS 1 Busbar CCS 8 AWG 30 kA 10/350 ps unipolar

8 AWG CCS 2 Busbar CCS 8 AWG 66 kA 20/450 ps oscillatory
4 AWG Cu 1 Busbar Copper 4 AWG 30 kA 10/350ps unipolar

4 AWG Cu 2 Busbar Copper 4 AWG 66 kA 20/450 ps oscillatory
4 AWG CCS1 Busbar CCSs 4 AWG 30 kA 10/350ps unipolar

4 AWG CCS 2 Busbar CCS 4 AWG 66 kA 20/450 ps oscillatory
C1 LPS Cross Copper 4/0 30 kA 10/350ps unipolar
Cc2 LPS Cross Copper 4/0 30 kA 10/350ps unipolar
C3 LPS Cross Copper 4/0 100 kA 20/450 ps oscillatory
C4 LPS Straight Copper 4/0 30 kA 10/350ps unipolar

2305824.001 — 2476 1 9



Connector Conductor Conductor

Sample Name Nominal Waveform

Type Material Size
C5 LPS Straight Copper 4/0 30 kA 10/350ps unipolar
C6 LPS Straight Copper 4/0 100 kA 20/450 s oscillatory
S1 LPS Cross CCS 4/0 30 kA 10/350ps unipolar
S2 LPS Cross CCSs 4/0 30 kA 10/350us unipolar
S3 LPS Cross CCs 4/0 100 kA 20/450 us oscillatory
S4 LPS Straight CCS 4/0 30 kA 10/350ps unipolar
S5 LPS Straight CCSs 4/0 30 kA 10/350us unipolar
S6 LPS Straight CCs 4/0 100 kA 20/450 ps oscillatory

4.5 Connector Integrity and Conductor Displacement

49. All samples were visually inspected and photographically documented after testing. None
of the samples had any loose parts; no discoloration, cracking, warping, or any other
deformation impairing normal use were identified. Further, none of the samples had any

observable change in position.

4.6 Contact Resistance

50. All contact resistance values measured on connector samples post-testing were well-
below the 3 mQ requirement of IEC 62561-1:2023. For the busbar connectors, the largest
post-test contact resistance measured was 241.7 pQ for CCS conductors (Sample 8 AWG
CCS 1) and 183.7 uQ for copper conductors (Sample 8 AWG Cu 2). These
measurements are both an order of magnitude lower than the requirement. The full set of
contact resistance measurements are provided in Appendix A, Table A - 5 through

Table A - 8.

51.  Additionally, there was not an obvious increase in contact resistance measurements post-
testing compared to pre-testing. This is true for both copper and CCS conductor samples.
Some contact resistance measurements slightly increased, but most slightly decreased.
These small variabilities in contact resistance values may simply be due to variability in

the placements of the microohm meter probes pre- and post-testing.

2305824.001 — 2476 20



52.

53.

4.7

54.

55.

For the LPS connectors, the largest post-test contact resistance measurement was 68.4 pQ
for CCS conductors (Sample S2) and 32.2 pQ for copper conductors (Sample C5).
Similar to the busbar connectors, there was not an obvious increase in contact resistance
measurements following the conditioning process nor the testing process. Resistance
measurements obtained after the corrosion conditioning were generally lower than those
obtained after conditioning, and these resistance measurements did not significantly

increase after impulse testing.

While the measured contact resistance values of conductors using CCS did tend to be
larger than those using copper, this is expected as the measurement incorporates some
resistance of the bulk conductor material. Despite this, the application of the corrosion
processes and the emulated impulse lightning waveforms to the CCS samples did not

generate obvious increases in the contact resistance.

Loosening Torque

All samples were loosened using calibrated digital torque wrenches set to the peak torque
setting. Per IEC 62561-1:2023, “In the case of connectors with more than one screw, only
the loosening torque of the first screw is relevant to this test which shall be different each
time.”? For the 200 A busbars and LPS straight connectors, the two conductors are
connected independently, and loosening of each screw can be measured independently.
For the LPS cross connectors, the tightness of the two bolts securing the connection is not
independent, and thus, only the loosening torque for the first bolt loosened on each
connector was recorded. The full set of loosening torque values are provided in

Appendix A, Table A - 9 through Table A - 12.

All busbar assemblies met the IEC 62561-1:2023 loosening torque requirements for all
conductor sizes, materials, and applied impulse waveforms. The torque required to loosen
the connections made in these connectors ranged from 38% of the applied torque to 86%

of the applied torque.

25 TEC 62561-1:2023 Lightning protection system components (LPSC) — Part 1: Requirements for connection
components. §6.6.2.d.
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56.  All two-bolt straight LPS connector assemblies also met the loosening torque
requirements for all conductor sizes, materials, and applied impulse waveforms. The
torque required to loosen these connectors ranged from 47% of the applied torque to 87%

of the applied torque.

57. However, two of the cross connector samples interfaced with copper conductors and one
cross connector sample interfaced with CCS conductors failed the loosening torque
criteria. These samples had loosening torques less than 25% of the applied torque.
Further, on average the measured loosening torque of the cross connectors interfaced
with copper conductors was approximately 33% of the applied torque and that of the
connectors interfaced CCS was approximately 29%. While these low values indicate that
many of the cross connectors only exceeded the requirement by a small amount, because
the connectors interfaced with CCS and copper conductors both exhibited similar average
loosening torque values indicates that the loosening torque may not be strongly

dependent on the conductor material.

58.  Itis also important to note that both the LPS straight-connectors and cross connectors are
listed for use in the United States in accordance with UL 96, which does not require
comparable testing. The authors of this report do not have any knowledge of any testing
of these connectors to IEC 62561-1:2023 requirements, and the authors have no

knowledge of any field-failures or other issues with these connectors.
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5.0

Transient Voltage in CCS and Copper Conductors

5.1

59.

60.

61.

Testing Setup

To compare over-voltages generated on equivalently sized CCS and copper conductors,
we subjected nominally straight sections of CCS and copper conductors to 10/350 ps
current impulses of varying peak currents and measured the voltage difference across a
set length section of each conductor. For all tests, the length of the straight conductor was
cut to approximately 58 inches and the differential voltage was measured across a
37-inch section of the straight piece. The straight length of conductor was placed
horizontally approximately 2.5 inches above the copper plated table that served as the
return path for the impulse current. An annotated photograph of the setup is provided in

Figure 13.

One sample each of 8 AWG solid copper, 4 AWG solid copper, 4/0 19-strand copper
conductors, and their equivalently sized CCS conductors were tested. Each test consisted
of applying one or more 10/350 us impulse at each of approximately 1 kA, 5 kA, and

10 kA peak currents and three or more 10/350 ps impulse at 20 kA.

The differential voltage (V+ minus V-) was measured using sense wires affixed to the
conductor under test using split bolt connectors. These sense wires connected to high-
impedance probes shielded in conduit with their outputs recorded using a Tektronix DPO

4034 oscilloscope.
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Current transducer

Figure 13. Lightning transient over-voltage measurement test setup.

5.2 Testing Results

62.  Figure 14 and Figure 15 below provide examples of impulse current and the resulting
differential voltage waveforms measured during over-voltage testing of a 4 AWG copper
conductor and a 4 AWG CCS conductor, respectively. In these tests, the applied peak
current was approximately 20 kA.

63. Subfigure (a) in each figure shows the full applied current impulse waveform on the

bottom plot and the complete voltage response on the top plot. These figures show that
the peak voltages generated occur during the front time of the current impulse, when the
rate of change in the current (change in current divided by the change in time) is the
highest. This is expected as the peak over-voltages during the fast rate of change in

current are driven by the circuit inductance rather than resistance.
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64.

65.

66.

67.

Subfigure (b) in each figure shows a shorter time portion of the waveform focused on just
the front time of the impulse waveforms. Again, the impulse current is on the bottom plot
and the measured voltage is on the top plot. Due to “ringing” imparted by the impulse
current at the onset of discharge, the voltage measurement also contains ringing which
disappears after a few microseconds. This ringing was filtered out in software by
applying a low-pass filter?® to the measurement resulting in the red line that

approximately represents the measurement if the ringing was not present.

Comparing Figure 14 and Figure 15, the peak voltages observed with ringing are 6.1 kV
for copper and 6.3 kV for CCS. With the ringing filtered out, these voltages are 3.2 kV
for copper and 3.0 kV for CCS.

Appendix A, Table A - 13 through Table A - 18 provide these values for the full set of
tests performed. The differential peak voltages measured were similar between
equivalently sized copper and CCS conductors for all conductor sizes. For example, the
average filtered transient peak voltage value in response to nominally 20 kA peak

currents were:

e 3.4kV for 8§ AWG CCS and 3.5 kV for 8 AWG copper,

e 3.1kV for4 AWG CCS and 3.4 kV for 4 AWG copper, and

e 2.8kV for 4/0 CCS and 2.9 kV for 4/0 copper.
Thus, the presence of the steel core and the lower overall 60 Hz conductivity of the CCS
conductors compared to the copper conductors did not appear to significantly affect the
magnitudes of the transient voltages generated from emulated lightning waveforms.

Instead, these voltages appear largely related to the inductance created by the conductor

and circuit geometry.

26 The filter was applied using MATLAB software and was designed as a zero-phase moving average filter with a

0.2 us window.
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Figure 14.
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Example over-voltage measurement from a 4 AWG copper conductor subjected
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Figure 15. Example over-voltage measurement from a 4 AWG CCS conductor subjected to

a 20 kA peak 10/350 us waveform. (a) Provides the full measurement over 2 ms
and (b) provides the measurement over the first 20 us.
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6.0

Limitations

68.

69.

70.

71.

72.

This report includes details of a testing program to evaluate the lightning-conduction
related performance of 40% CCS in applications for use as a grounding electrode
conductor and a lightning protection system down-conductor. This work was conducted

at the request of Copperweld Bimetallics LLC.

The material contained herein is presented to a reasonable degree of scientific and
engineering certainty and may not adequately address the needs of any or all users of this
report. Any re-use of this report, or any of its contents, is made at the sole risk of the

user. No guarantee or warranty as to future relevance is expressed or implied.

Exponent reserves the right to supplement this report and to expand or modify its
contents based on review of additional material as it becomes available and/or through

any additional work or review of additional work performed by others.

In the testing described above, we have relied on materials and information provided by
Copperweld Bimetallics LLC. We cannot verify the correctness of this input and rely on

Copperweld Bimetallics LLC for accuracy.

Although Exponent has exercised usual and customary care in preparing this summary
presentation, the responsibility for the design, manufacture, and quality of their products

remains fully with Copperweld Bimetallics LLC.
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Appendix A
Full Data Sets of Test Results
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Appendix A: Full Data Sets of Test Results

1. This appendix contains the full test results in tabular form for all samples tested.

Connector Testing Results Tables

Table A-1. List of busbar connector assemblies tested with a unipolar impulse waveform.
The table provides the measured parameters of the applied impulse.

Impulse 1 Impulse 2 Impulse 3
Peak Specific Peak Specific Peak Specific
Sample Name | Current Energy Current Energy Current Energy
(kA) (kJ/Q) (kA) (kJ/Q) (kA) (kJ/Q)
4 AWG Cu 1 30.0 244 30.0 248 29.8 248
4 AWG CCS 1 | 30.0 252 30.0 252 30.0 252
8 AWG Cu 1 30.0 252 30.0 252 30.0 252
8 AWG CCS 1 | 30.0 248 29.8 248 30.0 248

Table A-2. List of busbar connector assemblies tested with the oscillatory impulse
waveform. The table provides the measured parameters of the applied impulse.

Impulse 1 Impulse 2 Impulse 3
Peak Specific Peak Specific Peak Specific
Sample Name | Current Energy Current Energy Current Energy
(kA) (kJ/Q) (kA) (kJ/Q) (kA) (kJ/Q)
4 AWG Cu 2 100 1640 64 900 66 860
4 AWG CCS2 | 66 1000 66 1020 68 1004
8 AWG Cu 2 66 920 66 920 66 990
8 AWG CCS 2 | 66 830 64 820 65 800

Table A-3. List of LPS cross connector and two-bolt straight connector assemblies tested
with a unipolar impulse waveform. The table provides the measured parameters
of the applied impulse.

Impulse 1 Impulse 2 Impulse 3
Peak Specific Peak Specific Peak Specific
Sample Name | Current Energy Current Energy Current Energy
(kA) (kJIQ) (kA) (kJ/IQ) (kA) (kJ/IQ)
C1 30 250 30 248 30 248
C2 30 248 30 248 30 248
S1 30 248 30 248 30 248
S2 30 248 30 248 29.8 248
C4 30 248 30 248 30 248
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Impulse 1 Impulse 2 Impulse 3
C5 30 248 30 248 30 248
S4 30 248 30 248 30 248
S5 30 248 30 248 30 248

Table A-4. List of LPS cross connector and two-bolt straight connector assemblies tested
with an oscillatory impulse waveform. The table provides the measured
parameters of the applied impulse.

Impulse 1 Impulse 2 Impulse 3
Sample Peak Specific Peak Specific Peak Specific
Name Current Energy Current Energy Current Energy
(kA) (kJ/Q) (kA) (kJ/Q) (kA) (kJ/Q)

C3 N/A? N/A 96 2080 100 1700

S3 97 1840 98 2180 100 2140

C6 100 2160 100 1620 100 2120

S6 100 2080 100 1940 100 2080

Table A-5. Contact resistance measurements through the busbar connectors before and
after application of the three 30 kA unipolar impulse waveforms.

Contact Resistance (uQ)
Sample Name Conductor Materials Conductor Size | Pre-Test Post-Test
4 AWG Cu 1 Copper 4 AWG 131.9 153.8
4 AWGCCS1 CCS 4 AWG 139.7 143.8
8 AWG Cu 1 Copper 8 AWG 160 122.8
8AWG CCS1 CCS 8 AWG 222 241.7

Table A-6. Contact resistance measurements through the busbar connectors before and
after application of the three 66 kA oscillatory impulse waveforms.

Supply to Return Conductor
Resistance (pQ)
Sample Name  Conductor Materials Conductor Size | Pre-Test Post-Test
4 AWG Cu 2 Copper 4 AWG 135.6 122.7
4 AWGCCS2 CCS 4 AWG 159.3 149.5
8 AWG Cu 2 Copper 8 AWG 190 183.7
8AWGCCS2 CCSs 8 AWG 272.3 235.2

' Data recording failed during this impulse.
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Table A-7. Contact resistance measurements through the LPS connectors before and after
application of the three 30 kA unipolar impulse waveforms.
Supply to Return
Conductor Resistance (uQ)

Sample Condt_:ctor C_onductor Connector | Pre- o Post-_ o Post-Test

Name Materials Size Type Conditioning Conditioning

C1 Copper 4/0 Cross 311 19.8 20.4

C2 Copper 4/0 Cross 15.9 18.1 17.5

S1 CCs 4/0 Cross 91.4 89.8 65.2

S2 CCs 4/0 Cross 149 139.9 68.4

Cc4 Copper 4/0 Straight 354 21.2 22.5

C5 Copper 4/0 Straight 37.9 33.7 32.2

S4 CCS 4/0 Straight 52 42.9 40.8

S5 CCs 4/0 Straight 48.9 425 43.9
Table A-8. Contact resistance measurements through the busbar connectors before and

after application of the three 66 kA oscillatory impulse waveforms.

Sample Conductor

Conductor Connector

Supply to Return
Conductor Resistance (uQ)

Pre- Post-

Post-

Name Materials Size Type Conditioning Conditioning Test

C3 Copper 4/0 Cross 47.6 23 18.2

S3 CCs 4/0 Cross 129.4 111.3 61.6

C6 Copper 4/0 Straight 21.8 21.9 314

S6 CCs 4/0 Straight 73.4 45.6 54.9
Table A-9. Loosening torque values for the busbar samples subjected to the 30 kA unipolar

impulse waveforms. The values in parentheses are the percent of the applied
torque (25 in-Ibs for 8 AWG and 35 in-lbs for 4 AWG).

Loosening Torque (in-lbs)

Sample Name ﬁ;?:ﬁ;?r g;r;ductor Supply Terminal Return Terminal
4 AWG Cu 1 Copper 4 AWG 30 (86%) 26 (76%)
4 AWG CCS 1 CCS 4 AWG 24 (69%) 24 (70%)
8 AWG Cu 1 Copper 8 AWG 15 (62%) 18 (73%)
8 AWG CCS 1 CCs 8 AWG 20 (79%) 17 (67%)
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Table A - 10. Loosening torque values for the busbar samples subjected to the 66 kA
oscillatory impulse waveforms. The values in parentheses are the percent of the

applied torque (25 in-lbs for 8 AWG and 35 in-Ibs for 4 AWG).

Loosening Torque (in-lbs)
Sample Name Condl.Jctor C.onductor Supply Terminal Return Terminal
Materials Size
4 AWG Cu 2 Copper 4 AWG 19 (55%) 17 (48%)
4 AWG CCS 2 CCS 4 AWG 22 (64%) 22.75 (65%)
8 AWG Cu 2 Copper 8 AWG 11 (43%) 9.567 (38%)
8 AWG CCS 2 CCs 8 AWG 10 (40%) 13.12 (52%)

Table A - 11. Loosening torque values for the LPS connector samples subjected to the 30 kA
unipolar impulse waveforms. The values in parentheses are the percent of the
applied torque (80 in-lbs).

Loosening Torque (in-Ibs)

Sample Condyctor Cpnductor Connector Type Supplly Side or Ret.urn Side or
Name Materials Size Outside Bolt Inside Bolt

C1 Copper 4/0 Cross 19 (24%) N/A

Cc2 Copper 4/0 Cross N/A 42 (53%)

S1 CCS 4/0 Cross 16 (20%) N/A

S2 CCs 4/0 Cross N/A 28 (35%)

C4 Copper 4/0 Straight 43 (54%) 45 (56%)

C5 Copper 4/0 Straight 37 (47%) 44 (55%)

S4 CCS 4/0 Straight 46 (58%) 55 (69%)

S5 CCSs 4/0 Straight 70 (87%) 48 (60%)

Table A -12. Loosening torque values for the LPS connector samples subjected to the 100 kA
oscillatory impulse waveforms. The values in parentheses are the percent of the
applied torque (80 in-lbs).

Loosening Torque (in-lbs)

Sample Condl_Jctor C_onductor Connector Type Supp_ly Side or Ret_urn Side or
Name Materials Size Outside Bolt Inside Bolt

C3 Copper 4/0 Cross 18 (22%) N/A

S3 CCSs 4/0 Cross 27 (33%) N/A

C6 Copper 4/0 Straight 42 (52%) 45 (56%)

S6 CCSs 4/0 Straight 60 (75%) 62 (77%)
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Table A - 13. Transient voltage impulse peak values measured on a 8 AWG copper solid

conductor wire.

Current Waveform

Voltage Response

ﬁg?;‘ij;tor (s:iz:ductor Shape Peak Peak P_eak Voltage
Current (kA) | Voltage (kV) Filtered (kV)

Copper 8 AWG 10/350 unipolar 1.1 0.41 0.17

Copper 8 AWG 10/350 unipolar 5.3 2.0 0.80

Copper 8 AWG 10/350 unipolar 10.5 3.1 1.6

Copper 8 AWG 10/350 unipolar 21.0 6.5 3.4

Copper 8 AWG 10/350 unipolar 21.0 7.8 3.4

Copper 8 AWG 10/350 unipolar 21.0 54 3.4

Copper 8 AWG 10/350 unipolar 23.4 6.4 3.6

Table A - 14. Transient voltage impulse peak values measured on a 8 AWG CCS solid

conductor wire.

Conductor

Conductor

Current Waveform

Voltage Response

Material  Size Shape Zﬁ?rent (kA) \F;f)latlgge (kV) lgﬁfel(r;lo::(a\%e
CCS 8 AWG 10/350 unipolar 1.1 0.41 0.16

ccs 8 AWG 10/350 unipolar 5.2 16 0.78

ccs 8 AWG 10/350 unipolar 5.3 16 0.79

CcCS 8 AWG 10/350 unipolar _ 10.3 3.8 16

ccs 8 AWG 10/350 unipolar 205 6.4 3.3

ccs 8 AWG 10/350 unipolar 205 75 3.4

ccs 8 AWG 10/350 unipolar 205 76 3.4

ccs 8 AWG 10/350 unipolar  20.3 6.3 3.4

Table A - 15. Transient voltage impulse peak values measured on a 4 AWG copper solid

conductor wire.

Current Waveform

Voltage Response

ﬁnca);\;}ijacltor g;:ductor Shape Peak Peak P_eak Voltage
Current (kA) | Voltage (kV) Filtered (kV)

Copper 4 AWG 10/350 unipolar 1.1 0.37 0.15

Copper 4 AWG 10/350 unipolar 5.3 1.6 0.78

Copper 4 AWG 10/350 unipolar 10.5 3.8 1.6

Copper 4 AWG 10/350 unipolar 20.7 7.3 3.4

Copper 4 AWG 10/350 unipolar 20.7 6.5 3.4

Copper 4 AWG 10/350 unipolar 20.7 6.1 3.4
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Table A - 16. Transient voltage impulse peak values measured on a 4 AWG CCS solid

conductor wire.

Current Waveform

Voltage Response

ﬁg?;‘ij;tor (s:izr;ductor Shape Peak Peak P_eak Voltage
Current (kA) | Voltage (kV) Filtered (kV)

CCS 4 AWG 10/350 unipolar 1.1 0.36 0.14

CCSs 4 AWG 10/350 unipolar 5.2 1.6 0.72

CCS 4 AWG 10/350 unipolar 10.5 3.6 1.5

CCSs 4 AWG 10/350 unipolar 20.7 71 3.1

CCS 4 AWG 10/350 unipolar 20.7 6.8 3.1

CCS 4 AWG 10/350 unipolar 20.5 6.3 3.1

Table A - 17. Transient voltage impulse peak values measured on a 4/0 19 strand copper

conductor.
Conductor Conductor Current Waveform Voltage Response
Material Size Shape Peak Peak P_eak Voltage
Current (kA) | Voltage (kV) Filtered (kV)
Copper 4/0 10/350 unipolar 1.1 0.36 0.13
Copper 4/0 10/350 unipolar 5.3 1.7 0.69
Copper 4/0 10/350 unipolar 10.5 3.1 1.4
Copper 4/0 10/350 unipolar 20.5 4.8 2.9
Copper 4/0 10/350 unipolar 20.7 6.7 2.9
Copper 4/0 10/350 unipolar 20.7 6.8 2.9

Table A - 18. Transient voltage impulse peak values measured on a 4/0 19 strand CCS

conductor.
Conductor Conductor Current Waveform Voltage Response
Material Size Shape Peak Peak P_eak Voltage
Current (kA) | Voltage (kV) Filtered (kV)
CCS 4/0 10/350 unipolar 1.1 0.34 0.13
CCSs 4/0 10/350 unipolar 5.3 1.4 0.64
CCS 4/0 10/350 unipolar 10.5 2.6 1.3
CCSs 4/0 10/350 unipolar 20.7 6.5 2.8
CCS 4/0 10/350 unipolar 20.9 6.4 2.8
CCSs 4/0 10/350 unipolar 20.5 5.6 2.8
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F¥ponent’

Engineering & Scientific Consulting

Peter Lindahl, Ph.D., CFEI

Senior Managing Engineer | Electrical Engineering and Computer Science
Natick
+1-508-652-8578 | plindahl@exponent.com

Professional Profile

Dr. Lindahl's education and training is in electrical engineering with expertise in power systems, sensors
and instrumentation, electromechanical machinery (motors and generators), electrochemical systems
(e.g. batteries, fuel cells, and their associated electronics), renewable and distributed energy systems,
industrial controllers such as variable speed motor drives, and consumer appliances and electronics. His
professional activities involve, amongst others, conducting complex investigations related to product
safety, reliability, failures, and standards compliance; advising clients and providing engineering services
on matters concerning intellectual property; and developing condition monitoring and fault detection and
isolation techniques.

Prior to Exponent, Dr. Lindahl was a postdoctoral associate at the Massachusetts Institute of Technology.
While there, he conducted research and oversaw graduate student projects related to smart grid power
management and control, condition monitoring in electrical and mechanical systems, and smart building
technology development including capacitive occupancy sensing and HVAC performance tracking via
smart meter measurements. He received his PhD from Montana State University for his work devising
sensing methods and power control management schemes for solid oxide fuel cell systems.

Throughout his career, Dr. Lindahl has provided technical and scientific services to clients in a variety of
industries including aerospace, construction, electrical power, oil and gas, automotive and marine
transportation, and defense including the U.S. Navy, Coast Guard, Army, and Air Force. He’s co-authored
over two dozen research articles in high-impact academic journals and conference proceedings. His
research work has also been featured in news outlets and engineering society magazines including MIT
News, the SNAME Marine Technology Magazine, and the IEEE Instrumentation & Measurement
Magazine.

Academic Credentials & Professional Honors
Ph.D., Engineering, Montana State University, 2013

M.S., Electrical Engineering, Montana State University, 2009
B.S., Electrical Engineering, Penn State University, 2003

Research Affiliate, Research Laboratory of Electronics, Massachusetts Institute of Technology
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Licenses and Certifications

Professional Engineer Electrical, California, #25012

Certified Fire and Explosion Investigator (CFEI)

Academic Appointments

MIT - Massachusetts Institute of Technology, Research Laboratory of Electronics (RLE), Research
Affiliate/Research Scientist

Postdoctoral Associate, Research Laboratory of Electronics, Massachusetts Institute of Technology, 2014
-2019

Communication Lab Advisor, Electrical Engineering & Computer Science Department, Massachusetts
Institute of Technology, 2015 - 2018

Assistant Teaching Professor & Research Engineer, Electrical & Computer Engineering Department,
Montana State University, 2013 - 2014

Ph.D. Research Assistant, Electrical & Computer Engineering Department, Montana State University,
2009 - 2013

M.S. Research Assistant, Electrical & Computer Engineering Department, Montana State University, 2006
- 2009

Undergraduate Summer Researcher, Department of Physics, University of Maryland, Baltimore County,
2000 - 2002

Prior Experience

Assistant Project Engineer, Cianbro Corporation, Baltimore, MD 2006

Field Engineer & Electrical Estimator, Cianbro Corporation, Baltimore, MD, 2005-2006

Professional Affiliations

Senior Member, Institute of Electrical and Electronics Engineers (IEEE)

Member, Tau Beta Pi Engineering Honors Society

Publications

D. Green, P. Lindahl and S. Leeb, "Three-Phase Electrical Measurement Representations for
Nonintrusive Load Diagnostics," IEEE Open Journal of Instrumentation and Measurement, vol. 1, pp. 1-
14, 2022, Art no. 3500514, doi: 10.1109/0JIM.2022.3203444.

D. Green, D. Quinn, S. Madden, P. Lindahl and S. Leeb, "Nonintrusive Measurements for Detecting
Progressive Equipment Faults," IEEE Transactions on Instrumentation and Measurement, vol. 71, pp. 1-
12, 2022, Art no. 3518112, doi: 10.1109/TIM.2022.3193178.

A. Kattamis, P. Lindahl. “The Smarter the Home, the More Expensive the Lightning-Caused Insurance
Claim”. Exponent Thought Leadership. May 2021.

M. Gutierrez, P. Lindahl, S. Leeb, "Constant Power Load Modeling for a Programmable Impedance
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Control Strategy," IEEE Transactions on Industrial Electronics, vol. 69, no. 1, pp. 293-301, Jan. 2022, doi:
10.1109/TIE.2020.3048323.

E. Ponce, S. Leeb, P. Lindahl. "Know the Flow: Non-Contact Magnetic Flow Rate Sensing for Water
Meters". IEEE Sensors Journal, vol. 21, no. 1, pp. 802-811, 1 Jan.1, 2021.

P. Lindahl, M. Ali, P. Armstrong, A. Aboulian, J. Donnal, L. Norford, S. Leeb. "Nonintrusive Load
Monitoring of Variable Speed Drive Cooling Systems". IEEE Access, vol. 8, pp. 211451-211463, 2020.

S. Shabshab, P. Lindahl, S. Leeb, J. Nowocin. "Autonomous Demand Smoothing for Efficiency
Improvements on Military Forward Operating Bases". IEEE Transactions on Power Delivery, vol. 35, no.
5, pp. 2243-2251, Oct. 2020.

D. Green, T. Kane, S. Kidwell, P. Lindahl, J. Donnal and S. Leeb. "NILM dashboard: Actionable feedback
for condition-based maintenance". IEEE Instrumentation & Measurement Magazine, vol. 23, no. 5, pp. 3-
10, Aug. 2020.

L. Huchel, J. Helsen, P. Lindahl, S. Leeb. “Diagnostics for Periodically Excited Actuators”. IEEE
Transactions on Instrumentation & Measurement, vol. 69, no. 7, pp. 4145-4153, July 2020.

J. Berger, D. Burnett, P. Lindahl, A. Kattamis, “Improving the Speed and Accuracy of Fire Investigations:
How IoT and Connected Devices Can Help Determine Root Cause”. Exponent Thought Leadership. June
2020.

S. Shabshab, P. Lindahl, J. Nowocin, J. Donnal, D. Blum, L. Norford, S. Leeb. “Demand Smoothing in
Military Microgrids Through Coordinated Direct Load Control”. IEEE Transactions on Smart Grid. Vol. 11,
no. 3, pp. 1917-1927, May 2020.

D. Green, S. Shaw, P. Lindahl, T. Kane, J. Donnal, S. Leeb. “A Multiscale Framework for Nonintrusive
Load Identification”. IEEE Transactions on Industrial Informatics. Vol. 16, no. 2, pp. 992-1002, Feb. 2020.

S. Kidwell, T. Kane, D. Green, J. Donnal, P. Lindahl, S. Leeb, H. Zeineldin, V. Khadkikar, M. El Moursi.
“NILM Dashboard: Power System Monitoring for Condition-Based Maintenance”. Naval Engineering
Journal. Vol. 131, no. 4, pp. 73-81. Dec. 2019.

D. Green, P. Lindahl, S. Leeb, T. Kane, S. Kidwell, J. Donnal. “Dashboard: Nonintrusive
Electromechanical Fault Detection and Diagnostics”. IEEE AUTOTESTCON 2019. Aug. 2019.

S. Shabshab, P. Lindahl, J. Nowocin, S. Leeb. "Voltage Waveform Transient Identification for
Autonomous Load Coordination". IEEE Access. Vol. 7, pp. 123128-123137. Aug. 2019.

S. Kidwell, T. Kane, D. Green, J. Donnal, P. Lindahl, S. Leeb. "NILM Dashboard: Power System
Monitoring for Condition-Based Maintenance". American Society for Naval Engineers Technology,
Systems & Ships. June 2019.

M. Gutierrez, P. Lindahl, A. Banerjee, S. Leeb. "An Energy Buffer for Controllable Input Impedance of
Constant Power Loads". IEEE Transactions on Industrial Applications. Vol. 55, no. 3, pp. 2910-2921,
May-June 2019.

S. Leeb, P. Lindahl, D. Green, T. Kane, J. Donnal, S. Kidwell. "Power as Predictor and Protector". Marine
Technology. A publication of the Society of Naval Architects and Marine Engineers. April 2019.

C. Peeters, Q. Leclere, J. Antoni, P. Lindahl, J. Donnal, S. Leeb, J. Helsen. "Review and Comparison of

Tacholess Instantaneous Speed Estimation Methods on Experimental Vibration Data". Mechanical
Systems and Signal Processing. Vol. 129, pp. 407-436. April 2019.
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T. Kane, D. Green, G. Bredariol, P. Lindahl, J. Donnal, S. Leeb. "Non-Intrusive Monitoring for Shipboard
Log Generation". American Society for Naval Engineers Intelligent Ships Symposium. April 2019.

A. Aboulian, D. Green, J. Switzer, T. Kane, G. Bredariol, P. Lindahl, J. Donnal, S. Leeb. "NILM
Dashboard: A Power System Monitor for Electromechanical Equipment Diagnostics". IEEE Transactions
on Industrial Informatics. Vol. 15, no. 3, pp.1405-1414, Mar. 2019.

P. Lindahl, D. Green, G. Bredariol, A. Aboulian, J. Donnal, S. Leeb. "Shipboard Fault Detection Through
Nonintrusive Load Monitoring: A Case Study". IEEE Sensors Journal. Vol. 18, no. 21, pp. 8986-8995,
Nov. 2018.

S. Shabshab, J. Nowocin, P. Lindahl, S. Leeb. "Microgrid Modeling and Fuel Savings Opportunities
Through Direct Load Control". IECON2018 - 44th Annual Conference of the IEEE Industrial Electronics
Society. Oct. 2018.

P. Lindahl, S. Leeb, S. Shaw. "Fuel Cell Stack Emulation for Cell and Hardware-in-the-Loop Studies".
IEEE Transactions on Instrumentation & Measurement. Vol. 67, no. 9, pp. 2143-2152, Sept. 2018.

M. Gutierrez, P. Lindahl, A. Banerjee, S. Leeb. "Controlling the Input Impedance of Constant Power
Loads". IEEE Applied Power Electronics Conference. Mar. 2018.

T. Kane, D. Green, A. Aboulian, G. Bredariol, J. Donnal, P. Lindahl, S. Leeb. "NILM: Smarter Shipboard
Monitoring for the Modern Fleet". American Society for Naval Engineers Advanced Machinery Technology
Symposium. Mar. 2018.

P. Lindahl, G. Bredariol, J. Donnal, S. Leeb. "Noncontact Electrical System Monitoring on a US Coast
Guard Cutter". IEEE Instrumentation & Measurement Magazine. Vol. 20, no. 4, pp. 11-20, Aug. 2017.

J. Donnal, P. Lindahl, D. Lawrence, R. Zachar, S. Leeb. "Untangling Non-Contact Power Monitoring
Puzzles". IEEE Sensors Journal. Vol. 17, no. 11, pp. 3542-3550, June 2017.

A. Hanson, P. Lindahl, S. Strasser, A. Takemura, D. Englund, J. Goldstein. "Technical Communication
Instruction for Graduate Students: The Communication Lab vs. A Course". American Society for
Engineering Education Annual Conference & Exposition. June 2017.

J. Nation, G. Bredariol, A. Aboulian, D. Green, K. Stevens, J. Donnal, P. Lindahl, S. Leeb. "Nonintrusive
Monitoring for Shipboard Fault Detection". 2017 IEEE Sensors Applications Symposium. Mar. 2017.

J. Donnal, C. Schantz, J. Moon, P. Lindahl, S. Leeb. "Stethoscopes for Nonintrusive Monitoring". 2017
IEEE Sensors Applications Symposium. Mar. 2017.

G. Bredariol, K. Stevens, J. Nation, A. Aboulian, P. Lindahl, S. Leeb. "NILM: A Smarter Tactical Decision
Aid". American Society of Naval Engineers Technology, Systems & Ships Day. Feb. 2017.

P. Lindahl, A. Avestruz, W. Thompson, E. George, B. Sennett, S. Leeb. "A Transmitter-Receiver System
for Long-Range Capacitive Sensing Applications". IEEE Transactions on Instrumentation and
Measurement. Vol. 65, no. 10, pp. 2412-2423, Oct. 2016.

P. Lindahl, G. Bredariol, J. Donnal, S. Leeb. "Non-contact Sensors and Nonintrusive Load Monitoring
(NILM) Aboard the USCGC SPENCER". IEEE AUTOTESTCON 2016. Sept. 2016.

J. Moon, P. Lindahl, J. Donnal, R. Zachar, C. Schantz, W. Cotta, S. Leeb. "A Nonintrusive Magnetically
Self-powered Vibration Sensor for Automated Condition Monitoring of Electromechanical Machines".
IEEE AUTOTESTCON 2016. Sept. 2016.

R. Zachar, P. Lindahl, J. Donnal, W. Cotta, C. Schantz, S. Leeb. "Utilizing Spin-down Transients for
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Vibration-Based Diagnostics of Resiliently Mounted Machines". IEEE Transactions on Instrumentation
and Measurement. Vol. 65,no. 7,pp. 1641-1650. July 2016.

J. Cooley, P. Lindahl, C. Zimmerman, M. Cornachione, G. Jordan, S. Shaw, S. Leeb. "Multiconverter
System Design for Fuel Cell Buffering and Diagnostics under UAV Load Profiles". IEEE Transactions on
Power Electronics. Vol. 29, no. 6, pp. 3232-3244. June 2014.

P. Lindahl, M. Cornachione, J. Wold, X. Hu, S. Shaw. "Solid Oxide Fuel Cell Degradation, Recovery, and
Control Via the Electrical Terminals". ASME Fuel Cell Science, Engineering, and Technology Conference.
June 2014.

P. Lindahl, M. Cornachione, S. Shaw. "A Time-Domain Least Squares Approach to Electrochemical
Impedance Spectroscopy”. IEEE Transactions on Instrumentation and Measurement. Vol. 61, no. 12, pp.
3303-3311. Dec. 2012.

P. Lindahl, E. Moog, S. Shaw. "Simulation, Design, and Validation of a UAV SOFC Propulsion System".
IEEE Transactions on Aerospace and Electronic Systems. Vol. 48, no. 3, pp. 2582-2593. July 2012.

S. Sofie, S. Shaw, P. Lindahl, L. Spangler. "Propulsion and Power Rapid Response R&D Support.
Support Delivery Orders 0002 & 0041. Power-Dense, Solid Oxide Fuel Cell Systems: High-Performance,
High-Power-Density Solid Oxide Fuel Cells, Materials and Load Control". Air Force Research Laboratory
Propulsion Directorate. 2008-2010.

P. Lindahl, M. Cornachione, S. Shaw. "A Reference Based Fuel Cell Stack Simulator". ASME Fuel Cell
Science, Engineering, and Technology Conference. July 2010.

P. Lindahl, E. Moog, S. Shaw. "Simulation, Design, and Validation of a UAV SOFC Propulsion System".
IEEE Aerospace Conference. Mar. 2009.

L. Hayden, A. Sinyukov, M. Leahy, P. Lindahl, J. French, W. Herman, M. He, R. Twieg. "New Materials
for Optical Rectification and Electro-optic Sampling of Ultra-short Pulses in the THz Regime". Journal of
Polymer Science PartB: Polymer Physics. Vol. 41, pp. 2492-2500. Nov. 2003.

Presentations

S. Shabshab, J. Nowocin, P. Lindahl, S. Leeb. "Microgrid Modeling and Fuel Savings Opportunities
Through Direct Load Control". Oral Presentation. IECON2018 - 44th Annual Conference of the IEEE
Industrial Electronics Society. Oct. 2018.

J. Nation, G. Bredariol, A. Aboulian, D. Green, K. Stevens, J. Donnal, P. Lindahl, S. Leeb. "Nonintrusive
Monitoring for Shipboard Fault Detection". Oral Presentation. 2017 IEEE Sensors Applications
Symposium. Mar. 2017.

J. Donnal, C. Schantz, J. Moon, P. Lindahl, S. Leeb. "Stethoscopes for Nonintrusive Monitoring". Oral
Presentation. 2017 IEEE Sensors Applications Symposium. Mar. 2017.

P. Lindahl, A. Aboulian, J. Nowocin, S. Shabshab, P. Armstrong, S. Leeb. "HVAC Efficiency Tracking with
Nonintrusive Load Monitoring". Poster Presentation. MIT Energy Initiative 2016 Annual Research
Conference. Nov. 2016.

P. Lindahl, G. Bredariol, J. Donnal, S. Leeb. "Non-contact Sensors and Nonintrusive Load Monitoring
(NILM) Aboard the USCGC SPENCER?". Oral Presentation. [IEEE AUTOTESTCON 2016. Sept. 2016.

J. Moon, P. Lindahl, J. Donnal, R. Zachar, C. Schantz, W. Cotta, S. Leeb. "A Nonintrusive Magnetically

Self-Powered Vibration Sensor for Automated Condition Monitoring of Electromechanical Machines". Oral
Presentation. IEEE AUTOTESTCON 2016. Sept. 2016.
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P. Lindahl, M. Cornachione, J. Wold, X. Hu, S. Shaw. "Solid Oxide Fuel Cell Degradation, Recovery, and
Control Via the Electrical Terminals". Oral Presentation. ASME Fuel Cell Science, Engineering, and
Technology Conference. June 2014.

P. Lindahl, M. Cornachione, S. Shaw. "A Reference Based Fuel Cell Stack Simulator". Oral Presentation.
ASME Fuel Cell Science, Engineering, and Technology Conference. July 2010.

P. Lindahl, E. Moog, S. Shaw. "Simulation, Design, and Validation of a UAV SOFC Propulsion System".
Oral Presentation. IEEE Aerospace Conference. Mar. 2009.

Editorships & Editorial Review Boards
Technical Session Chair, 2017 IEEE Sensors Application Symposium

Peer Reviews

IEEE Transactions on Energy Conversion 2009—Present

IEEE Transactions on Instrumentation & Measurement 2010—Present
Energy Efficiency Oct. 2015—Present

IEEE Sensors Journal Jan. 2016—Present

IEEE Access March 2019—Present
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Engineering & Scientific Consulting

Malima Wolf, Ph.D., P.E., CFEI

Managing Engineer | Thermal Sciences
Natick
+1-508-652-8570 | mwolf@exponent.com

Professional Profile

Dr. Wolf specializes in heat transfer and thermodynamics. Her work at Exponent also includes
investigating the origin and cause of fires and explosions.

She has conducted scene and laboratory inspections for incidents involving a variety of construction and
consumer products, including water heaters, space heaters, gas piping, gasoline dispensing systems,
and plumbing fittings. She has focused on incidents involving gas systems and gas appliances, including
residential customer and distribution system incidents, and has worked with gas system models including
Synergi.

Additionally, Dr. Wolf has broad experience in laboratory and field testing, including the design,
construction, and instrumentation of customized experimental apparatus for project-specific problems.
Examples include gasoline aging and gas can explosion testing. She also has extensive experience with
polychlorinated biphenyl (PCB) -containing products including electrical equipment such as transformers
and light ballasts.

Prior to joining Exponent, Dr. Wolf was a Senior Engineer at BlazeTech, Corp., focusing on heat transfer,
fire, and safety related projects. She created analytical and numerical models for a variety of heat transfer
and fluid projects including burn injury of human skin, thermal deflection, humid heat transfer, cavity
formation, and composite degradation. Her experimental work there included the design and
instrumentation of laboratory and field fire and heat transfer tests, and hyperspectral image analysis of
material streams for separation. She designed and developed novel fire protection systems, including
foaming fire suppression systems.

Dr. Wolf's academic work focused on energy use and environmental impact of manufacturing systems. As
a researcher at Politecnico di Milano and ITIA-CNR and graduate student at MIT's Environmentally
Benign Manufacturing Lab, she focused on the design of recycling systems as manufacturing systems,
including performance analysis and facility design. She served as an environmental impact consultant on
several research projects while at MIT, including tracking the environmental impact of waste after disposal
and evaluating individual environmental impact based on personal lifestyle. Her research interests
continue to include green manufacturing and the thermodynamics of materials systems including
recycling systems. Also while at MIT, she designed testing apparatus and mechanical components
including tooling for underwater robotics systems.

Academic Credentials & Professional Honors
Ph.D., Mechanical Engineering, Massachusetts Institute of Technology (MIT), 2011

M.S., Mechanical Engineering, Massachusetts Institute of Technology (MIT), 2006
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B.S., Mathematics, Massachusetts Institute of Technology (MIT), 2004

B.S., Mechanical Engineering, Massachusetts Institute of Technology (MIT), 2003

Licenses and Certifications
Professional Engineer, Hawaii, #PE-20940

Professional Engineer Mechanical, Massachusetts, #52693
Professional Engineer, Oregon, #97257PE
Certified Fire and Explosion Investigator (CFEI)

PADI Certified Open Water Scuba Diver

Publications

Davies W, E Wikramanayake, M Wolf, A Hudgins. Transient Effects of Injecting Green Hydrogen into
Natural Gas Pipelines. AIChE 10th International Congress on Sustainability Science & Engineering
(ICOSSE2021), September 13-15, 2021.

Davies W, M Wolf, M Barry, S O’'Hern, T Morse. The Effect of Valve Closure Time on Water Hammer.
Proceedings of the ASME 2021 International Mechanical Engineering Congress and Exposition
(IMECE2021), November 1-5, 2021.

Ibarreta AF, Colella F, Wolf MI, Yen, M, O'Hern SC, Myers TJ. Modeling of explosion venting fireballs.
Proceedings, Mary K O'Connor Process Safety Symposium, College Station, TX, 2019.

Morse TL, Colella F, Wolf MI, Barry MT. Space Heater Fires and Fire Investigation, Proceedings,
International Symposium on Fire Investigation Science and Technology, Itasca, IL, 2018.

Ibarreta AF, Colella F, Wolf MI, Vickery J, O’'Hern SC, Myers TJ. Measuring leak flow rates in fire and
explosion investigations. Proceedings, International Symposium on Fire Investigation Science and
Technology, Itasca, IL 2018.

Ibarreta AF, Colella F, Wolf MI, O’'Hern SC, Myers TJ. Modeling of explosion venting fireballs.
Proceedings, 13th International Symposium on Hazards, Prevention, and Mitigation of Industrial
Explosions (ISHPMIE), Kansas City, MO, 2018.

Wolf MI, Colledani M, Gershwin SB, Gutowski TG. A network flow model for the performance evaluation
and design of material separation systems for recycling. IEEE Transactions on Automation Science and
Engineering, 2013.

Phithakkitnukoon S, Wolf MI, Offenhuber D, Lee D, Biderman A, Ratti C. Tracking trash. IEEE Pervasive
Computing, 2013.

Offenhuber D, Wolf MI, Ratti C. Trash Track - Active location sensing for evaluating e-waste
transportation. Waste Management & Research, 2013.

Offenhuber D, Lee D, Wolf M, Phithakkithnukoon S, Biderman A, Ratti C. Putting matter in place: tradeoffs

between recycling and distance in planning for waste disposal. Journal of the American Planning
Association, 2012. JAPA Best Article of 2012
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Boustani A, Girod L, Offenhuber D, Britter R, Wolf MI, Lee D, Miles S, Biderman A, Ratti C. Investigation
of the waste-removal chain through pervasive computing. IBM Journal of Research and Development,
2011.

Presentations

Oakland County Association of Arson and Fire Investigators, Inc., “OCAAFII Quarterly Training: Recent
Updates to NFPA 921, Spontaneous Combustion, and Residential Fuel Gas Explosions," November 17,
2020.

MIT 2.671 Measurement and Instrumentation guest lecture, “Measurement of Saturated Vapor Pressure
of Gasoline,” April 30, 2020.

Wolf MI, et al. Robust design of material separation systems for recycling. 10th Global Conference on
Sustainable Manufacturing, Istanbul, Turkey, October 31-November 2, 2012.

Wolf M, et al. Modeling and design of multi-step separation systems. International Symposium on
Sustainable Systems and Technology, Washington, DC, May 16-19, 2010.
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Acronyms and Abbreviations

A ampere, or amps

Ag silver

AgCl silver chloride

ASTM ASTM International (formerly American Society for Testing and Materials)
AWG American Wire Gauge

CCS copper-clad steel

40% CCS  copper-clad steel conductors that are nominally 40% of the conductivity of the
same-sized copper conductors at 60 Hz

CR corrosion rate

Cu copper

g grams

in-1bs inch-pounds

LPS lightning protection system, or systems
M molar, or moles per liter

mil one-thousandth of an inch, or 0.001 inches
mm millimeters

mpy mils per year

NaCl sodium chloride

NEC National Electric Code

NFPA National Fire Protection Association
wt weight

nQ microohms

i
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1.0 Executive Summary

1.1 Overview

Copper-clad steel (CCS, specifically 40% CCS)' was proposed as a material of use as a
grounding electrode conductor (GEC) in the National Electric Code (NEC),? and as a
down conductor for lightning protection system (LPS) in NFPA 780.°

At the request of Copperweld Bimetallics LLC, Exponent comparatively evaluated the
corrosion resistance and reliability of both copper (Cu) and 40% CCS conductors when

used in electrical connections.

1.2 Test Objectives

The objective of this testing was to comparatively evaluate the corrosion resistance and
reliability of both Cu and CCS conductors when used in electrical connections,

particularly in environments prone to salt exposure.

More specifically, the testing described in this report includes evaluating galvanic
corrosion susceptibility of combinations of Cu and CCS conductors (using ASTM G71 as
a guide),* and comparatively evaluating the reliability of Cu and CCS conductors used in
electrical connections when subjected to an aggressive salt spray environment (through

ASTM B117).°

In the context of this testing, 40% CCS refers to CCS conductors that are nominally 40% of the conductivity of
the same-sized copper conductors at 60 Hz.
For the purposes of this report, CCS shall be used interchangeably with 40% CCS.

The NEC is also known as the National Fire Protection Association (NFPA) 70.
A GEC is defined in the NEC as “[a] conductor used to connect the system grounded conductor or the equipment

to a grounding electrode or to a point on the grounding electrode system.”
NEC 2023, §100.

NFPA 780 is titled “Standard for the Installation of Lightning Protection Systems.”

Exponent understands that these proposals were submitted through the NFPA’s public input process.
ASTM G71-81R24 is titled “Standard Guide for Conducting and Evaluating Galvanic Corrosion Tests in
Electrolytes.”

ASTM B117-19 is titled “Standard Practice for Operating Salt Spray (Fog) Apparatus.”
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1.3 Findings

5. The results from this study indicate that, in a simulated seawater environment:

5.a.  The corrosion rate of uncoupled Cu, CCS, and steel were calculated to be

approximately 8.3 mpy, 2.9 mpy, and 7.7 mpy, respectively; and

5.b.  The magnitude of galvanic effects appears to be a small fraction for Cu-Cu, CCS-
CCS, and CCS-Cu couples, especially when compared to the more pronounced

galvanic effect when Cu or CCS is coupled with steel.

6. The results from this study indicate that, from the salt spray testing, the weight loss was
not significantly different between Cu and CCS connector samples, the contact resistance
for the Cu connector samples was lower than the CCS connector samples (both before
and after testing), the overall change in the mean contact resistance was similar for both
Cu and CCS, and the relative change in the contact resistance was lower for CCS

compared to Cu.
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2.0

Testing Overview and Results

2.1

211

10.

1.

Galvanic Corrosion Testing

Testing Overview

“Galvanic corrosion” is an electrochemical process where accelerated corrosion occurs
when two metals with different electrochemical potentials are in electrical contact and
exposed in close proximity to the same environment or electrolyte (i.e., in ionic contact).
The metal with a more negative potential (i.e., anode) tends to lose electrons or
experiences accelerated oxidation (corrosion), while the metal with a more positive
potential (i.e., cathode) gains electrons or is reduced (i.e., the corrosion rate is

decreased).®

Galvanic corrosion testing measures the corrosion behavior of two materials in direct
electrical contact in the same environment or electrolyte in close proximity to one
another. The rate of corrosion is typically evaluated through weight loss measurements or
by measuring the current between the two coupled materials. One standard typically used
as a guide is ASTM Standard G71 (Standard Guide for Conducting and Evaluating

Galvanic Corrosion Tests in Electrolytes).

To assess the effect of galvanic coupling, the corrosion rates of the galvanically coupled

materials is compared with their uncoupled corrosion rates in the same environment.’

Test specimens were prepared from strands of 19-strand 4/0-AWG Cu and CCS
conductors, along with a mild steel wire.® The strands/wires were approximately 3 mm in
diameter and were cleaned from the as-received condition (i.e., were not polished) with

Alconox to remove light surface residues and oils used during manufacturing.

An electrical wire was attached to each specimen to provide electrical contacts to the

metal samples for electrochemical measurements. All electrical connections were masked

¢ Jones, D. Principles and Prevention of Corrosion, 2" Ed., 1996. §§ 1.5.2, 6; pp. 11-13, 168-169.
7 ASM Handbook, Volume 13A, Corrosion Fundamentals, Testing, and Protection, 2003, PDF pp. 206-208.

8

Testing with steel was conducted only to illustrate the galvanic behavior of materials considered to be dissimilar.
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with a silicone-based sealant to insulate them from the test electrolyte. In addition, the cut
end of each wire sample was masked to prevent any exposure of the steel core (in the
case of the CCS) to the test solution. The coupled material combinations tested were Cu-
Cu, CCS-CCS, CCS-Cu, Cu-Steel, and CCS-Steel (see Figure 1 for a representative
photograph).

['.[I]T[TF]TIT[T’HI[I|l"||I|lilll|||||||i|1’

3 4 5 6
Figure 1. Photograph showing the CCS (top) and Cu (bottom) strands coupled for CCS-Cu
galvanic corrosion testing. The insulating masks are noted with the black arrows.

12.  While ASTM G71 notes that the test solution “should closely approximate the service
environment,”® the test objective was to evaluate whether coupling (CCS and Cu) had
the propensity to induce accelerated corrosion; thus, more severe conditions than the
anticipated service environment were selected. The test environment was designed to
evaluate whether the combination of CCS-Cu behaved similar to Cu-Cu / CCS-CCS

couples.

12.a. Testing under more severe conditions allows evaluation of the galvanic couple

behavior under “worst-case” scenarios in a relatively short period of time.

® ASTM G71-81R24, §5.1.1
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12.b. Accordingly, results obtained from this testing should be interpreted with the
explicit understanding that they represent performance under more severe

conditions than is typical for these conductors.

13. Testing was conducted using 3.5 wt% sodium chloride (i.e., 0.6 M NaCl) solution. The
test solution was sparged with air (to maintain a uniform oxygen concentration in the test
solution) for a minimum of 1 hour prior to testing and continuously throughout the entire
test duration. All testing was conducted at room temperature, which was measured to be
between 19 °C and 22 °C. The pH of the solution was measured, but no pH range was
specified. The pH was between approximately 6 and 7 pH units and was measured prior

to and after each test.'® A photograph showing the test cell is provided in Figure 2.

Coupled
4‘4 Samples

Figure 2. Photograph of a test cell for galvanic corrosion testing. The coupled samples
were placed in an 0.6 M NaCl solution for 24 hours.

19 Exponent notes that, that in some instance the test finished during non-business hours and was left for an
extended period of time before the pH was measured.
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14. Electrochemical galvanic corrosion susceptibility was evaluated by measuring the
galvanic couple between the two electrodes utilizing zero-resistance-ammeter mode in a
potentiostat. Gamry potentiostats were used for all testing. Silver-silver chloride
(Ag-AgCl) reference electrodes were used for all testing, and the potential was converted
to a saturated calomel scale for comparison to the corrosion literature. It was assumed
that all measured galvanic current between the two electrodes was due to galvanic

corrosion.

15. The test was conducted for a 24-hour period, with measurements of galvanic current and
potentials recorded at 30-second intervals throughout the test duration. The corrosion
current was determined by calculating the mean current from the last 15 minutes of

testing.

16. All samples were prepared to achieve an approximately 1:1 surface area ratio. However,
due to slight differences in diameter and masking area, an exact 1:1 ratio could not be

achieved.

17. Uncoupled corrosion currents (which is directly related to the corrosion rate) were
measured using ASTM G102 and ASTM G61 as guides.!! Potentiodynamic corrosion
testing was conducted after 24 hours of exposure time to the electrolyte (the same time
used for galvanic corrosion testing) to evaluate the corrosion behavior of the uncoupled

material. '?

18.  All testing was conducted in triplicate with the exception of testing Cu-Steel and
CCS-Steel couples (which was conducted with single tests to illustrate the galvanic
behavior of materials that are considered to be dissimilar). The results are provided in the

following section.

" ASTM G102 is titled “Standard Practice for Calculation of Corrosion Rates and Related Information from
Electrochemical Measurements.”
ASTM G61 is titled “Standard Test Method for Conducting Cyclic Potentiodynamic Polarization Measurements
for Localized Corrosion Susceptibility of Iron-, Nickel-, or Cobalt-Based Alloys.”

The corrosion current was determined from the potentiodynamic curves using Tafel extrapolation technique, and
the corrosion current was used to calculate the corrosion rate using Faraday’s law. See ASTM G102 and
ASTM Gl for further detail.
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2.1.2 Testing Results

19.

20.

21.

The coupled corrosion rate was calculated from the mean measured current from the last
15 minutes of the 24-hour exposure duration from each galvanic corrosion test. The mean

of the three tests was calculated and is shown in Table 1.

19.a. The mean coupled corrosion rate for CCS-Cu was 0.23 mils per year (mpy)."
The CCS acted as the anode in all of the tests conducted. Similarly, the mean
coupled corrosion rate was 0.33 mpy and 0.17 mpy for Cu-Cu and CCS-CCS,

respectively.

19.b. In contrast, when Cu or CCS is coupled to steel, the steel becomes the anode and
Cu or CCS becomes the cathode. The coupled corrosion rate was calculated to be

26.30 mpy and 19.07 mpy when steel is coupled to Cu or CCS, respectively.'*

For comparison, the corrosion rate of each material when uncoupled was calculated to
elucidate the contribution of coupled (i.e., galvanic) corrosion rate to the total corrosion
rate of Cu, CCS, and steel in a simulated seawater environment (0.6 M NaCl solution).
This corrosion rate was calculated after 24 hours of exposure (to mimic the duration of
the galvanic corrosion testing). The corrosion rate of Cu, CCS, and steel were calculated

to be 8.35 mpy, 2.92 mpy, and 7.66 mpy, respectively.

The ratio of the coupled corrosion rate to the total corrosion rate was calculated to
determine the galvanic contribution to the total corrosion rate. As shown in Table 1, the
contribution of galvanic coupling to the total corrosion rate for Cu-Cu and CCS-CSS
couples was found to contribute up to approximately 5.4% of the total current.
Additionally, CCS-Cu coupling contributes approximately 7.3% of the total current.
While this value is higher than coupling like-materials, CCS-Cu coupling nevertheless

contributes only a small fraction of the total corrosion rate.

13 A “mil” is one-thousandth of an inch, or 0.001 inches.

14 Exponent notes that these values were calculated from a single test and was conducted only to illustrate the

behavior of dissimilar materials.
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Table 1.

2.2

2.21

22.

Calculated mean corrosion rates (CRs) for uncoupled and coupled corrosion
testing in 0.6 M NaCl solution (designed to simulate seawater) at room
temperature.
Uncoupled Coupled CR Ratio of Coupled
CR (mpy)'s (mpy) Total CR(MpY)  cRiTotal CR (%) AN09e
Cu-Cu 8.35 0.33 8.68 3.79 Cu
CCS-CCS 292 0.17 3.09 5.36 CCS
CCS-Cu 292 0.23 3.15 7.33 CCS
Cu-Steel 7.66 26.30 33.95 77.45 Steel
CCS-Steel 7.66 19.07 26.72 71.35 Steel

21.a. This could be due to slight differences in composition, surface roughness, residual
stresses/cold work, among others. Furthermore, as shown, even seemingly
identical materials (i.e., Cu-Cu and CCS-CCS) can exhibit small galvanic effects
due to subtle differences that can arise between samples.

21.b. For comparison, coupling contributes the majority of the corrosion when Cu/CCS
is coupled to steel. Coupling contributes between approximately 71.4% and
77.5% of the total current for CCS-steel and Cu-steel, respectively.

21.c. Thus, the magnitude of the galvanic effects appears to be small fraction of the
total corrosion of Cu-Cu, CCS-CCS, and CCS-Cu cases (with CCS-Cu being the
highest), especially compared to the galvanic effect when Cu or CCS is coupled
with steel.

Salt Spray Testing

Testing Overview

Salt spray testing (in accordance with the requirements of ASTM B117)!¢ was performed

to evaluate the comparative corrosion resistance and the contact resistance of the

electrical connection assembly under aggressive salt spray (such as long-term exposure to

marine environments) in a compressed timeframe.

15" The uncoupled corrosion rate is the baseline corrosion rate of the anode in the galvanic couple.
16 ASTM B117-19,“Standard Practice for Operating Salt Spray (Fog) Apparatus.”

2305824.001 — 8238

10



23.

24.

While salt spray testing can provide insights into corrosion behavior, Exponent
understands that this test simulates a more severe environment than these conductors are
expected to encounter in service, and the test results should be interpreted with this in

mind.

The samples tested consisted of 19 strand 4/0-AWG Cu and CCS conductors terminated
onto both straight and cross-connectors. All connections joined similar materials (either
Cu-Cu, or CCS-CCS) and was tested in triplicate. Additionally, unconnected control
samples (consisting of Cu/CCS conductors and straight/cross-connectors) were also
tested and assembled only after salt spray testing. Prior to testing, the as-received
samples were cleaned with acetone to remove any surface residues. Representative

photographs of the connector samples before testing are shown in Figure 3.

11
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25. The connections were terminated to the appropriate tightening torque (by using a
calibrated torque wrench) of 80 in-lbs as per the manufacturer’s instructions. Contact

resistance measurements and sample weight was measured before and after testing.

26. Samples were placed in a salt spray chamber configured to maintain conditions as
outlined in ASTM B117 (i.e., 5% NaCl solution).!” Samples were carefully spaced in the
chamber to ensure both uniform exposure to the salt spray and to prevented dripping

condensation. '®

217. The samples were continuously exposed to salt spray for a duration of 200 hours, with the
chamber operating uninterrupted during this period. Upon completion of the 200-hour
exposure period, samples were carefully removed, rinsed, and dried for subsequent

evaluation. The results are provided in the following section.

2.2.2 Testing Results

28. After completion of the salt spray testing, all samples exhibited evidence of visible
corrosion. Representative photographs of the samples before and after testing are shown
below in Figure 4, Figure 5, and Figure 6. Weight loss and contact resistance

measurements are summarized below in Table 2 and Table 3.

17 ASTM B117-19, §§ 10.1-10.2.

¥ Dripping condensation could result in non-uniform salt concentration and/or cross-contamination, which could
lead to non-representative localized areas of accelerated corrosion.

13
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Table 2.

Weight Loss and Contact Resistance Measurements (Connector Samples)

Sample Weight (g) Contact Resistance (uQ)
Sample Type / ID Before After Weight Before After A
Testing Testing Loss Testing Testing

Straight CCs 1 414.4 410.9 3.5 46.6 58.1 11.5
Straight CCS 2 407.5 405.5 2.0 421 55.2 13.1
Straight CCS3 414.8 412.5 23 53.2 62.1 8.9
Cross CCs 1 518.8 517 1.8 68.1 63.9 -4.2
Cross CCS 2 524.5 521.2 3.3 30.7 41.6 10.9
Cross CCS3 525.9 521.7 4.2 62.2 62.9 0.7
Straight Cu1 430.2 429.4 0.8 26.4 33.8 7.4
Straight Cu2 442.7 440.5 2.2 242 32.7 8.5
Straight Cu3 436 434.7 1.3 29.3 31.6 23
Cross Cu1 548 545.3 2.7 17.9 21.6 3.7
Cross Cu2 547.7 545.8 1.9 13.6 22.3 8.7
Cross Cu3 557.3 553.7 3.6 16.3 18.9 2.6

Table 3. Weight Loss and Contact Resistance Measurements (Control Samples)
Sample Weight (g)"° Contact Resistance (uQ)
Sample Type / ID Before After Weight After Testing
Testing Testing Loss and Assembly
Straight CCS Ctrl 581.2 579.2 2.0 174.8
Cross CCS Ctrl 592.3 591.7 0.6 95.9
Straight Cu Ctrl 557.7 556.6 1.1 181.1
Cross Cu Ctrl 588.8 586.8 2.0 53.9
29. The mean weight loss for the Cu connector samples was 2.1 g+ 1.0 g, while the mean

weight loss for the CCS connector samples was 2.9 g + 1.0 g. Thus, the overall weight

loss was not significantly different between materials. Moreover, the weight loss for the

control samples was minimal (ranging from approximately 0.6 g to 2.0 g).

1 The reported weight is the sum of the conductors and connector before assembling for contact resistance

measurements.
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30. The mean contact resistance for the Cu connector samples before and after testing was

213 pQ £6.2 pQ and 26.8 pQ + 6.6 pQ, respectively, while the mean contact resistance

for the CCS connector samples before and after testing 50.5 pQ + 13.7 pQ and

57.3 pQ + 8.4 pQ, respectively.

30.a.

30.b.

As shown by the data, the mean contact resistance of Cu samples is lower than
CCS samples, and both Cu and CCS experienced an increase in contact resistance
following salt spray testing. The increase in contact resistance is similar for both
materials, with a difference in the mean contact resistance of approximately

5.5 pQ and 6.8 pQ for Cu and CCS, respectively. Further, the relative change in
contact resistance was lower for CCS, with the relative change being

approximately 13.5% for CCS and approximately 26.0% for Cu.

Moreover, the contact resistance for the control samples is notably higher than the
connector samples, with the Cu and CCS straight connector samples showing
similar contact resistance (approximately 174.8 uQ and 181.1 pQ, respectively),
and the Cu cross-connector sample having a lower contact resistance than CCS
cross-connector sample (approximately 53.9 nQ and 95.9 pQ, respectively). This
suggests that the contact interfaces of the assembled samples were partially

shielded from the salt spray.

31. Thus, the weight loss was not significantly different between Cu and CCS samples, the

contact resistance for the Cu connectors was lower than the CCS (both before and after

testing), the overall change in the mean contact resistance was similar for both Cu and

CCS (at approximately 5.5 pQ and 6.8 pQ, respectively), and the relative change in the

contact resistance was lower for CCS compared to Cu (at approximately 13.5% and

26.0%, respectively).

2305824.001 — 8238
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3.0

Limitations

32.

33.

34.

35.

36.

This report includes results of work conducted at the request of Copperweld Bimetallics

LLC.

The material contained herein is presented to a reasonable degree of scientific and
engineering certainty and may not adequately address the needs of any or all users of this
report. Any re-use of this report, or any of its contents, is made at the sole risk of the user.

No guarantee or warranty as to future relevance is expressed or implied.

Exponent reserves the right to supplement this report and to expand or modify its
contents based on review of additional material as it becomes available and/or through

any additional work or review of additional work performed by others.

In the testing described above, we have relied on materials and information provided by
Copperweld Bimetallics LLC. We cannot verify the correctness of this input and rely on

Copperweld Bimetallics LLC for accuracy.

Although Exponent has exercised usual and customary care in preparing this summary
presentation, the responsibility for the design, manufacture, and quality of their products

remains fully with Copperweld Bimetallics LLC.

19
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F¥ponent’

Engineering & Scientific Consulting

Vir Nirankari, Ph.D., P.E.

Managing Engineer | Materials and Corrosion Engineering
Natick
+1-508-652-8566 | vnirankari@exponent.com

Professional Profile

Dr. Nirankari’s areas of expertise include failure analysis, metallurgy, fracture, welding, finite element
modeling and materials characterization. He has conducted research and failure analysis of metals and
welds involving both experimental and computational approaches.

Dr. Nirankari has applied his expertise to a range of engineering fields, including automotive, aerospace,
consumer electronics and utilities. He also has experience with mechanical testing techniques,
fractography, metallurgical and microstructural analysis, non-destructive evaluation, microscopy and
computational mechanics.

Dr. Nirankari has extensive experience performing mechanical testing as well as microstructural analysis
via optical microscopy, scanning electron microscopy (SEM), electron backscattered diffraction (EBSD),
transmission electron microscopy (TEM) and energy dispersive X-ray spectroscopy (EDS). He is also
skilled in computed tomography (CT). His computational expertise lies in use of finite element modeling.
He has extensive experience with commercial finite element software (Abaqus) and computer aided
design software (SolidWorks).

During his graduate study at the University of Michigan, Dr. Nirankari’s research included the use of
mechanical testing to understand the crack initiation and small crack propagation behavior of aluminum

spot welds and finite element modeling to predict the weld lifetime. As an undergraduate, Dr. Nirankari’s
research focused on improving the efficacy of plasma sprayed thermal barrier coatings for turbine blades.

Academic Credentials & Professional Honors
Ph.D., Materials Science and Engineering, University of Michigan, Ann Arbor, 2017

B.S., Mechanical Engineering, Boston University, 2010

Licenses and Certifications

Professional Engineer Metallurgical, California, #2039

SOLIDWORKS Certificate in Mechanical Design

Prior Experience
Graduate Student Research Assistance, University of Michigan, 2011-2017
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Professional Affiliations
American Welding Society (AWS) D10 Committee on Piping and Tubing:

AWS D10V Subcommittee on Tubular Steel Vehicle Structure

AWS D10 Committee on Piping and Tubing: AWS D10H Subcommittee on Aluminum Piping

AWS D8 Committee on Automotive Welding: AWS D8D Subcommittee on Automotive Resistance
Spot Welding

International Organization for Standardization (ISO): ISO/TC 44/SC6, Resistance welding and allied
mechanical joining

Publications

Nirankari V, McGann J, White K, Performance And Safety Implications Of Ultrasonic Spot Welding For
Lithium-lon Batteries: Best Practices And Case Study, International Materials Applications and
Technology Conference, St Louis MO, September 14, 2021

Nirankari V, James B, Van Der Schijiff O, Grooving corrosion: differentiating weld defects from corrosion
failure, Materials Science and Technology Conference, Columbus OH, October 17, 2018.

American Welding Society (AWS) Standard D10.10/D10.10M:2021 Recommended Practices for Local
Heating of Welds in Piping and Tubing

Short Fatigue Crack Growth and Durability Modeling of Resistance Spot Welded 5754 and 6111,
Nirankari V, PhD Thesis, University of Michigan, 2017.

Nirankari V, Li M, Allison J. Microstructural effects on small fatigue crack growth of resistance spot welded
aluminum alloys 5754 and 6111. Oral presentation, The Minerals, Metals & Materials Society Annual
Meeting, Nashville, TN, 2016.

Nirankari V, Li M, Allison J. Modeling small fatigue crack growth and applications to spot welded
aluminum alloys 5754 and 6111. Poster presentation, The Minerals, Metals & Materials Society Annual
Meeting, Nashville, TN, 2016.

Nirankari V, Li M, Allison J. Microstructural effects on small fatigue crack growth in resistance spot welded
sheet 5754 and 6111 aluminum and durability modeling of eyebrow cracking in resistance spot welds.
Oral presentation, Materials Science & Technology (MS&T), Columbus, OH, 2015.

Nirankari V, Li M, Allison J. Influence of microstructure on growth of small fatigue cracks in aluminum
alloy 6111. Oral presentation, Materials Science & Technology (MS&T), Pittsburgh, PA, 2012.

Editorships & Editorial Review Boards

Journal of Failure Analysis and Prevention (Associate Editor)
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Peer Reviews

International Journal of Fatigue

Journal of Failure Analysis and Prevention
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F¥ponent’

Engineering & Scientific Consulting

Noah Budiansky, Ph.D., P.E.

Senior Managing Engineer | Materials and Corrosion Engineering
Natick
+1-508-652-8516 | nbudiansky@exponent.com

Professional Profile

Dr. Budiansky’s expertise is in metallurgy and corrosion science and engineering. He specializes in failure
analysis, material degradation, failure prevention, material selection, material characterization, and
laboratory testing in the areas of implantable medical devices, portable electronic devices and consumer
appliances, gas pipelines and water distribution, chemical processing and food production, paints and
coatings, mechanical fasteners, and building and structures.

Dr. Budiansky has conducted research and corrosion failure analyses involving uniform corrosion,
localized corrosion, stress corrosion cracking, hydrogen embrittlement, fretting corrosion, formicary
corrosion, graphitic corrosion, and galvanic corrosion.

Dr. Budiansky has extensive experience solving complex corrosion problems using AC and DC
electrochemical techniques, accelerated exposure techniques (environmental exposure and accelerated
environments), material characterization techniques (microscopy and elemental analysis), metallographic
examination, fractography, on-site investigations, and failure analysis.
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This paper compiles several studies and analysis regarding the corrosion
performance of buried Copperweld® Copper-Clad-Steel (CCS) conductors. These range
from the early 1900’s with the invention of Copperweld® through the present day with
studies performed by independent parties as well as Copperweld Company in-house testing.
The purpose is to present the available information so that prospective users of
Copperweld® CCS wire and strand can evaluate the corrosion resistance and expected
performance within their specific application and area. Copperweld uses oxygen free
copper in the manufacture of Copperweld® wire and strand. The copper surface of CCS is
expected to oxidize and turn color ranging from green (patination) to brown and black the
same as any solid copper wire or strand when exposed to environmental stimuli. Corrosion
on exposed steel at the cut tip or end of the wire is also expected. The question to be
answered is if the corrosion on either material or the interface between the copper and steel
(galvanic reaction) will result in degradation of the wire as to make it unsuitable for use as
a grounding conductor.

The oldest known underground corrosion study of bimetallic material was
performed in the early 1900s'. This study focused on the corrosion behavior of
Copperweld® CCS underground rod as well as other materials such as Copper and
galvanized steel ground rod. The National Bureau of Standards (NBS) conducted an
extensive underground corrosion study that involves 36,500 specimens which include 333
varieties of ferrous, nonferrous, and protective coating materials buried in 128 test
locations throughout U.S in 1910 - 1955.

The study summarizes the service life of a ground rod as following:

10 mils copper coating — acceptable for service life up to 40 years
13 mils copper coating — acceptable for service life up to 50 years

Similarly, the Naval Civil Engineering Laboratory in collaboration with the
National Association of Corrosion Engineers conducted a 7-year program of testing metal
rods for electrical grounding to determine the galvanic corrosion effect. The three metals
tested were stainless clad steel, copper-bonded steel (CCS), and galvanized steel. The

result on the 7%~ CCS ground rod was as expected. The copper surface of the CCS was
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virtually free of corrosion and the steel core has corroded at the tip approximately 2 inches
down the length of the rod.

Copperweld Corporation is the inventor and sole manufacturer of Copperweld®
Copper-bonded ground rods and Copperweld® wire and strand since 1915. The corrosion
behavior of a Copperweld® ground rod is similar to the corrosion on Copperweld® wire
and strand conductor. Both materials consist of copper permanently bonded to a steel core.
All Copperweld® 40% CCS has a copper thickness of 10% of the overall diameter. For
example, Copperweld® 4THOUGHT™ has a configuration of 19 strands of 0.1055 inch
wires. It means that each strand has a copper thickness of 10.55 mils. Based on the NBS
study, ATHOUGHT™ will have at least a minimum service life of 40 years.

Copperweld has also conducted a 5-year study of buried bare 21% conductivity
(copper thickness is 3% of the diameter) Copperweld® CCS in 10 different soil conditions
in association with Southwest Research Institute’. The study reported 100% surface
oxidation and various degrees of deterioration of the steel core as expected after 5 years.
The exposed steel on the tip of the wire rusted and formed “scab”, as shown in Figure 1.
The rust appeared to “seal-off”” the un-oxidized material from the corrosive medium. The

maximum depth of corrosion was 70% of the wire diameter.

Figure 1: Example of Underground Corrosion of Copper Clad Steel

Although the copper surface oxidation was heavy, the samples showed no signs of
pits or holes in the copper cladding. The copper thickness of a severely oxidized 5-year
sample showed no discernable difference when compared to an un-oxidized control sample

that was not subjected to the corrosive environment. The mechanical and resistance testing
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resulted in negligible differences between 5-year samples and the control samples. Thus,
the oxidation had no discernable impact on the strength or electrical performance of the
wire.

An accelerated corrosion study based on ASTM B117 was conducted on bare CCS
and solid Copper wires to evaluate copper surface corrosion. The wires were exposed to
salt fog spray for 504 hours. As a result, corrosion on the CCS copper surface showed no

significant difference as compared to the corrosion of copper wire.

(a) Copper Clad Steel (b) Copper

Figure 2: Patination of Copper Surface after 504 hours exposure to Salt Fog Spray

In February 2011, three separate sample strands of Copper Clad Steel were un-
earthed and cut out from a substation built in Louisville, KY. The conductors were 40%
conductivity, Low Carbon Steel, Dead Soft Annealed, 7 No. 5 (231,613 circular mil) and

were installed in 1962.

Table 1: Physical properties of the three strands of Copperweld® conductor that had been

buried underground for 48 years in a Kentucky substation
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Strand 1 Strand 2 Strand 3

Conductor Type 40% Low Carbon Annealed
Conductor Size 7 No. 5
Cross Section Area in? 0.1819 0.1819 0.1819
Diameter of Single end inch 0.1819 0.1819 0.1819
Diameter of Conductor inch 0.5457 0.5457 0.5457

Min inch 0.0142 0.0114 0.0134
Copper Thickness

Max inch 0.0213 0.0209 0.01975
% Concentricity 83.30% 77.30% 83.90%

Min inch 0.004 0.028 0.111
Depth of corrosion

Max inch 0.781 0.859 0.484

The 1962 conductors were manufactured by Copperweld with a nominal copper
thickness of 10% of its diameter. Figure 3 shows the copper thickness ranges from 11.4 —

21.3 mils and the concentricity of the conductor averaged at 81.5%. Current manufacturing

improvements yield concentricity of copper thickness above 85%.

Figure 3: Copperweld® 40% LC DSA 7 No. 5 manufactured in 1962
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Figure 4a shows no visible corrosion observed other than oxidation and patination on the
copper surface. At the ends of the wires, the corrosion occurred in the form of steel rust.
The maximum depth of the corrosion is 0.859 inch with an average of 0.382 inch, as shown

in Figure 4b.

Figure 4a: There is no visible corrosion between the copper and steel on all wires

obtained from the substation in Kentucky.

Figure 4b: Corrosion occurred at the ends of the wires. Maximum penetration depth is

0.859 inch.

From all the corrosion studies above, there have not been reported or observed any

galvanic corrosion at the interface of copper and steel. The process of cladding for
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Copperweld® ensures a metallurgical bond between the two metals. That metallurgical
bond prevents any moisture from penetrating between the two metals precluding the
corrosion process. Any propagation of corrosion on an area of exposed steel averages two
times the diameter of the wire then stops. The corrosion rate of the copper surface is
equivalent to that observed on standard solid copper wire and strand. Based on the results
of these studies, it can be summarized that CCS can be expected to have a 50 plus year

service life as buried grounding conductors.

REFERENCES:

1. Rempe, Chris. 7 July 2003. “A Technical Report on the Service Life of Ground
Rod Electrodes”.
2. Fox, Dustin, Belado, Chris, and Brossia, Sean. 23 September 2009. “The Effect

of Corrosion on Tracer Wire with a Copper Clad Steel Center Conductor”.
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(2) Perimeter Surfaces.




Bonding to perimeter surfaces shall be provided as specified in 680.26(B)(2)(a), 680.26(B)(2)(b), and 680.26(B)(2)
(c). The perimeter surface shall include unpaved surfaces, concrete, masonry pavers, and other types of paving. The
perimeter surface to be bonded shall extend 900 mm (3 ft) horizontally beyond the inside walls of the pool at a height
between 900 mm (3 ft) above and 900 mm (3 ft) below the maximum water level. 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.

For conductive pool shells where bonding to perimeter surfaces is required, bonding 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. If the bonded perimeter surface does not surround the entire pool, bonding shall be attached to
the pool reinforcing structural 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. 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.




(a) Conductive Paved Portions of Perimeter Surfaces. Conductive paved portions of perimeter surfaces shall
be bonded to one or more of the following:

(2) Unencapsulated steel structural welded wire reinforcement bonded together by steel tie wires or the equivalent,
fully embedded within the pavement unless pavement will not allow for embedding

If structural reinforcing steel is absent or encapsulated in a nonconductive compound, or if embedding is not
possible, unencapsulated welded wire steel reinforcement or a eepper conductor grid shatt- made with 8 AWG copper
or 40% copper-clad steel shall be provided and secured directly under the paving not more than 150 mm (6 in.)
below finished grade.

Where not fully embedded in concrete, eepper-the conductor grid and unencapsulated steel structural welded
wire used for equipotential bonding shall be listed for corrosion resistance and mechanical performance. This listing
requirement shall become effective January 1, 2029. The eepper conductor grid or unencapsulated steel structural
welded wire reinforcement shall also meet the following:

(1) €opper The conductor 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) Structural steel welded wire reinforcement is minimum ASTM 6 x 6-W2.0 x W2.0 or minimum No. 3 rebar
constructed in a 300 mm (12 in.) grid.

(3) €opper The conductor grid and steel structural welded wire reinforcement follows the contour of the perimeter
surface extending not less than 900 mm (3 ft) horizontally beyond the inside walls of the pool.

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.

(c) Unpaved Portions of Perimeter Surfaces. Unpaved portions of perimeter surfaces shall be bonded with any
of the following methods:

() A

eopper

(1) _conductor(s)_shall meet the following:

(5) Atleast one minimum 8 AWG bare solid copper_or 40% copper-clad steel conductor is provided, including

the 8 AWG copper or 40% copper-clad steel equipotential bonding_conductor,_if available.
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The conductor(s)_follows the contour of the perimeter surface.
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The conductor(s)_is 450 mm to 600 mm (18 in. to 24 in.) from the inside walls of the pool.
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below finished grade.

(9) The conductor(s).is installed only in perimeter surfaces not intended to have direct access to swimmers in
the pool.

(2) Acopper or 40% copper-clad steel conductor grid or unencapsulated steel structural welded wire reinforcement
used for equipotential bonding_of unpaved portions of perimeter surfaces shall meet the following;

(11) It is located within an unpaved surface(s)_between 100 mm to 150 mm (4 in. to 6 in.) below finished grade.




() 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. 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.
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The parts specified in 680.26(B)(1) through 680.26(B)(7) shall be bonded together using one or more of the following:

(1) Solid copper or 40% copper-clad steel conductors, as follows:

Are insulated, covered, or bare, not smaller than 8 AWG

Are not required to be extended or attached to remote panelboard enclosures, service equipment, or
electrodes

c. Are permitted to encircle the pool to facilitate bonding connections to portions of the perimeter covered in
680.26(B)(2)(a) and 680.26(B)(2)(b) that are not contiguous

(2) Rigid metal conduit of brass or other identified corrosion-resistant metal

(3) Structural reinforcing steel
(4) Steel structural welded wire reinforcement (e.g., welded wire mesh, welded wire fabric)

Connections to bonded parts shall be made in accordance with 250.8 and 680.7(C).
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Delete this section and move to new 680.22(D). 680.22 Lighting, Receptacles and Equipment contains requirements for
electrical receptacles and devices including luminaires, lighting outlets, ceiling-suspended fans, switching devices, other
outlets, and other equipment, which are located in proximity to pools. FR 9129 added a similar provision for electric signs,
which would be more appropriately included in the text of 680.22 under 2.1.4.1 of the Style Manual, as it is also electrical
equipment in proximity to a pool. The revised language submitted simply moves the intact language of the new 680.29 and
relocates as 680.22(D). See also accompanying Public Comment 22-NFPA 70-2024.
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and (E) were re-lettered to maintain proper sequence.




| Q\) 'Public Comment No. 389-NFPA 70-2024 [ Section No. 680.29 ]
NFPA

Statement of Problem and Substantiation for Public Comment

This subject matter is already addressed in 680.22, which applies to ALL equipment, not just portable electric signs. Placing
the sign within 5' violates 680.22(E).

Related Item
*FR 9129

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Tue Jul 30 14:19:19 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected
Action:
Resolution: The requirements in 680.29 were moved and not deleted. While existing 680.22(D) addresses Other

Outlets, portable signs are not considered an “outlet” and therefore there is no conflict with existing
requirements.




| Q\) 'Public Comment No. 694-NFPA 70-2024 [ Section No. 680.32 ]
NFPA

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 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, if
any of the following conditions exist:

(1) If supplied by branch circuits rated 150 volts or less to ground and 60 amperes or less, single-phase

(2) If supplied by branch circuits rated 150 volts or less to ground and 100 amperes or less, 3-phase

(3) If supplied by branch circuits exceeding 150 volts to ground but not exceeding 480 volts phase-to-phase and
100 amperes or less

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.

Additional Proposed Changes

File Name Description Approved
CN_394.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 394 appeared in the First Draft Report on First Revision No. 9143.

The panel should consider revising the requirement here to point to the general rule in
680.5 (First Revision 9045) instead of repeating the details in this section. The Correlating
Committee notes that the definition for SPGFCI in Article 100 has been

revised.

Related Item
* First Revision No. 9143

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:26:05 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8384-NFPA 70-2024

Statement: The revision to 680.32 removes redundant language already covered by 680.5, which comprehensively

outlines the GFCI and SPGFCI requirements.




| * ICorreIating Committee Note No. 394-NFPA 70-2024 [ Section No. 680.32 ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:14:57 EDT 2024

Committee Statement

Committee The panel should consider revising the requirement here to point to the general rule in

Statement: 680.5 (First Revision 9045) instead of repeating the details in this section. The
Correlating Committee notes that the definition for SPGFCI in Article 100 has been
revised.

First Revision No. 9143-NFPA 70-2024 [Section No. 680.32]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) IPuinc Comment No. 820-NFPA 70-2024 [ Section No. 680.32 ]
NFPA

680.32 Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-Interrupter (SPGFCI)
Protection.

All eIectrlcaI equlpment including power-supply cords, used with storable pools shall have GFCI protection
686-5(B} - or SPGFCI protection complying with 680.5¢€}, as applicable.

All receptacles 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 eomptying-with- 686-5(B) - or SPGFCI protection complying with 680.5¢€) , _ as applicableif
any-of-the-followingconditions-exist:

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 Comment

This comment simplifies the text by removing unnecessary words.

Related Item
*FR 9143

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 17:33:32 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: R-8384-NFPA 70-2024

Statement: The revision to 680.32 removes redundant language already covered by 680.5, which comprehensively

outlines the GFCI and SPGFCI requirements.




| Q\) IPuinc Comment No. 277-NFPA 70-2024 [ Section No. 680.42(B) ]
NFPA

(B) Bonding.
Bonding by metal-to-metal mounting on a common frame or base shall be permitted. The metal bands or hoops used
to secure wooden staves shall not be required to be bonded as required in 680.26.

Equipotential bonding of perimeter surfaces in accordance with 680.26(B)(2) shall not be required to be provided for
spas and hot tubs where all of the following conditions apply:

(1) The spa or hot tub shall be listed, labeled, and identified as a self-contained spa for aboveground use.

(2) The spa or hot tub shall not be identified as suitable only for indoor use.

(3) The installation shall be in accordance with the manufacturer’s instructions and shall be located on or above
grade.

(4) The top rim of the spa or hot tub shall be at least 746-mm- 900 mm (28-n 36 in .) above and 900 mm (36 in)
below_all perimeter surfaces that are within #66-mm- 900 mm (36-r 36 in .), measured horizontally from the spa
or hot tub. The height of nonconductive external steps for entry to or exit from the self-contained spa shall not be
used to reduce or increase this rim height measurement.

Informational Note: See ANSI/UL 1563, Standard for Electric Spas, Equipment Assemblies, and Associated
Equipment, for information regarding listing requirements for self-contained spas and hot tubs.

Statement of Problem and Substantiation for Public Comment

The measurement in 680.42(B)(4) should align with the measurements in 680.26(B)(2). It doesn't make sense to require
bonding for hot tubs where the top rim is less than 28 inches and refer back to 680.26 which says 36 inches.

Related Item
* 1st stage 680.26

Submitter Information Verification

Submitter Full Name: MARK RHOTON

Organization: Frederick County Government

Affiliation: I'm the Chief Electrical Inspector Frederick County Maryland
Street Address:

City:

State:

Zip:

Submittal Date: Sat Jul 27 09:44:45 EDT 2024

Committee: NEC-P17

Committee Statement

Committee Rejected

Action:

Resolution: CMP-17 reaffirms the 28-inch minimum distance from the top of the spa to the surrounding perimeter surface
is appropriate for listed manufactured (portable) spas and hot tubs. There is a difference in accessibility to the
perimeter surface from a manufactured spa or hot tub, as opposed to a permanently installed pool or spa, that
justifies the 28-inch minimum distance. Additionally, these spas have an electrically insulated tub and integral,
plus external, GFCI protection. Spas, whether manufactured or field-assembled, which do not meet all the
requirements in the subsection, including the 28-inch requirement, are considered permanently installed and
the equipotential bonding requirements in 680.26 for permanently installed pools and spas apply.




| Q\) 'Public Comment No. 695-NFPA 70-2024 [ Section No. 680.43(A)(2) ]
NFPA

(2) Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-Interrupter (SPGFCI)
Protection for Receptacles, General.

All receptacles 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, if any of the following
conditions exist:

(1) If supplied by branch circuits rated 150 volts or less to ground and 60 amperes or less, single-phase

(2) If supplied by branch circuits rated 150 volts or less to ground and 100 amperes or less, 3-phase

(3) If supplied by branch circuits exceeding 150 volts to ground but not exceeding 480 volts phase-to-phase and
100 amperes or less

Additional Proposed Changes

File Name Description Approved
CN_395.pdf

Statement of Problem and Substantiation for Public Comment

NOTE: The following CC Note No. 395 appeared in the First Draft Report on First Revision No. 9160.

CMP 17 should consider revising the requirement here to refer to the general rule in
680.5 (First Revision 9045) instead of repeating the details in this section. The Correlating
Committee notes that the definition for SPGFCI in Article 100 has been

revised.

Related Item
* First Revision No. 9160

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:27:22 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8389-NFPA 70-2024

Statement: The revision to 680.43(A)(2) removes redundant language already covered by 680.5, which

comprehensively outlines the GFCI and SPGFCI requirements.




| * ICorreIating Committee Note No. 395-NFPA 70-2024 [ Section No. 680.43(A)(2) ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:16:29 EDT 2024

Committee Statement

Committee CMP 17 should consider revising the requirement here to refer to the general rule in

Statement: 680.5 (First Revision 9045) instead of repeating the details in this section. The
Correlating Committee notes that the definition for SPGFCI in Article 100 has been
revised.

First Revision No. 9160-NFPA 70-2024 [Section No. 680.43(A)(2)]

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) 'Public Comment No. 821-NFPA 70-2024 [ Section No. 680.43(A)(2) ]
NFPA

(2) Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-Interrupter (SPGFCI)
Protection for Receptacles, General.

All receptacles located within 3.0 m (10 ft) of the inside walls of a spa or hot tub shall have GFCtprotection
complying-with- 686-5(B) -or- GECI or SPGFCI protection complying with 680.5¢€} , as applicablerifany-ofthe
: ; iy A

Statement of Problem and Substantiation for Public Comment

This simplifies the text by removing unnecessary words.

Related Item
*FR 9160

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 05 17:38:02 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: R- -NFPA 70-2024

Statement: The revision to 680.43(A)(2) removes redundant language already covered by 680.5, which

comprehensively outlines the GFCI and SPGFCI requirements.




| Q\) IPuinc Comment No. 145-NFPA 70-2024 [ Section No. 680.45(C) ]
NFPA

(C) Heaters.
Heaters used with permanently installed immersion pools shall comply with either 680.45(C)(1) or 680.45(C)(2).
(1) Permanently Installed Heaters — Hare-Wired Permanently Connected .

Permanently installed heaters rated 120 volts through 250 volts nominal that are built-in or permanently attached as
an integral part of permanently installed immersion pools shall meet- comply with the following:

(1) -Heaters—shaltbe-Be_identified for swimming pool and spa use.

(2) Heaters-shaltbegrounded-and-bonded-:
Heaters-shatt-have
(3) _Be connected to an EGC.

(4) _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.
Permanently installed immersion heaters rated nominal 120 volts, 20 amperes or less, or nominal 250 volts, 30
amperes or less, single-phase, shallcomply with the following:

(1) -Heaters—shaltbe-Be permitted to be cord- and plug-connected.
(2) -Heaters—shaltmeet Meet the following:
The cord shall not be shorter than 1.83 m (6 ft) and not longer than 4.6 m (15 ft).

If GFCl 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.

c. Hesatersshalthave- Have GFCI protection complying with 680.5(B) or SPGFCI protection complying with
680.5(C), as applicable.

d. Heatersshaltbe- Be provided with means for grounding all non-current-carrying metal parts.

(3) Storable and Portable Heaters.

Cord-connected storable or portable heaters rated 120 volts nominal and 20 amperes or less, or 250 volts nominal
and 30 amperes or less, single-phase, tsegwith-btt- not permanently installed or attached as an integral part of
permanently installed immersion pools, shall meet comply with the following:

(a) -Heatersshaltbe-Be identified for swimming pool and spa use.

(b) -Heatersshalttbe- Be cord- andplug-connected with a cord not shorter than 1.83 m (6 ft) and not longer
than 4.6 m (15 ft).

(c) -Heaters-shalthave-GFClpretectioncomptying-with- Have GFCI protection in accordance with 680.5(B) or
SPGFCI protection complying with 680.5(C), as applicable.

(d) If GFCl 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.

Additional Proposed Changes

File Name Description Approved
680.45C_re-write.docx 680.45(C) revisions

Statement of Problem and Substantiation for Public Comment

This PC proposes the following:

(1) The title of (C)(1) is revised to "permanently connected" to correlate with many other locations in the Code where
“permanently connected” is used: 551.46(A)(2), 552.44(A), 422.31, 210.50(B), 210.6(B), 220.82(B), 393.10.

(2) At various locations "meet the following" is changed to "comply with the following" to comply with the NEC Style Manual
and correlate with (C)(2).

(3) (C)(1)(2) is revised from "grounded and boned" to "connected to an EGC" to correlate the language with Article 250 and
other sections in Article 680.

(4) The list items are revised to delete redundant language as the parent language already mentions heaters and the
mandatory “shall” requirement.

(5) The parent language at (C)(3) is revised to delete the unnecessary and possibly confusing term "used with but" for clarity.




NOTE: A word doc with track changes is attached to this PC

Related Item
* FR 9247

Submitter Information Verification

Submitter Full Name: Vincent Della Croce
Organization: Siemens

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jul 22 11:52:27 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8391-NFPA 70-2024

Statement: These changes ensure consistency with NEC language to align with preferred terminology in the NEC style

manual and to improve clarity in technical contexts, maintaining uniformity across the code.

The requirement for bonding in 680.45(C)(1)(2) was retained as this is not addressed by equipment
grounding conductor.




(C) Heaters.

Heaters used with permanently installed immersion pools shall comply with either 680.45(C)(1) or
680.45(C)(2).

(1) Permanently Installed Heaters — Hard-WiredPermanently Connected‘.

Permanently installed heaters rated 120 volts through 250 volts nominal that are built-in or
permanently attached as an integral part of permanently installed immersion pools shall meet

comply|with|the following:
(1) Heafefs—shaﬂ-kbﬁe] identified for swimming pool and spa use.

(2) HeatersshattbBe grotunded-andbonded connected to an EGC|.
(3) tHeatersshatthhHave 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.

Permanently installed immersion heaters rated nominal 120 volts, 20 amperes or less, or nominal
250 volts, 30 amperes or less, single-phase, shall comply with the following:

(1) Hea%eﬁ—she-ﬂ-kae] permitted to be cord- and plug-connected.
(2) HeatersshattmMeet the following:

(a) The cord shall not be shorter than 1.83 m (6 ft) and not longer than 4.6 m (15 ft).

(b) If GFClis 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.

(c) HeatersshatthHave GFCI protection complying with 680.5(B) or SPGFCI protection
complying with 680.5(C), as applicable.

(d) HeatersshattbBe provided with means for grounding all non-current-carrying metal parts.

(3) Storable and Portable Heaters.

Cord-connected storable or portable heaters rated 120 volts nominal and 20 amperes or less, or
250 volts nominal and 30 amperes or less, single-phase, usedrw'rt-h-fbtrt-}not permanently installed or
attached as an integral part of permanently installed immersion pools, shall meet comply \with]the
following:

(a) Hea%er&sﬁﬁl—kbﬁe] identified for swimming pool and spa use.

(b) HeatersshattbBe cord- andplug-connected with a cord not shorter than 1.83 m (6 ft) and
not longer than 4.6 m (15 ft).

(c) HeatersshatthHave GFCI protection eemplying in accordance lwith]680.5(B) or SPGFCI
protection complying with 680.5(C), as applicable.

(d) If GFCl 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.

Commented [DCV(USES1]: Revised to correlate with
many other locations in the Code where “permanently
connected” is used: 551.46(A)(2), 552.44(A), 422.31,
210.50(B), 210.6(B), 220.82(B), 393.10

Commented [DCV(USES2]: Revised to comply with the
NEC Style Manual and correlate with (C)(2)

Commented [DCV(USES3]: Revise to delete redundant
language. The parent language already mentions heaters
and the mandatory “shall”

Commented [DCV(USES4]: Revised to correlate the
language with Article 250 and other sections in Article
680

Commented [DCV(USES5]: Revise to delete redundant
language. The parent language already mentions heaters
and the mandatory “shall”

Commented [DCV(USES6]: Revised to delete
unnecessary and possibly confusing language

Commented [DCV(USES7]: Revised to comply with the
NEC Style Manual and correlate with (C)(2)

Commented [DCV(USES8]: Revise to delete redundant
language. The parent language already mentions heaters
and the mandatory “shall”

Commented [DCV(USES9]: Revised to comply with the
NEC Style Manual




| Q\) IPuinc Comment No. 691-NFPA 70-2024 [ Section No. 680.45(C) ]
NFPA

(C) Heaters.

Heaters used with permanently installed immersion pools shall comply with either 680.45(C)(1) or 680.45(C)(2).

(1) Permanently Installed Heaters — Hard Wired.

Permanently installed heaters rated 120 volts through 250 volts nominal that are built-in or permanently attached as
an integral part of permanently installed immersion pools shall meet the following:

(1) Heaters shall be identified for swimming pool and spa use.

(2) Heaters shall be grounded and bonded.

(3) Heaters shall 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.

Permanently installed immersion heaters rated nominal 120 volts, 20 amperes or less, or nominal 250 volts, 30
amperes or less, single-phase, shallcomply with the following:

(1) Heaters shall be permitted to be cord- and plug-connected.
(2) Heaters shall meet the following:

a. The cord shall not be shorter than 1.83 m (6 ft) and not longer than 4.6 m (15 ft).

If GFCl 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.

c. Heaters shall have GFCI protection complying with 680.5(B) or SPGFCI protection complying with
680.5(C), as applicable.

d. Heaters shall be provided with means for grounding all non-current-carrying metal parts.

(3) Storable and Portable Heaters.

Cord-connected storable or portable heaters rated 120 volts nominal and 20 amperes or less, or 250 volts nominal
and 30 amperes or less, single-phase, used with but not permanently installed or attached as an integral part of
permanently installed immersion pools, shall meet the following:

(a) Heaters shall be identified for swimming pool and spa use.

(b) Heaters shall be cord- andplug-connected with a cord not shorter than 1.83 m (6 ft) and not longer than 4.6
m (15 ft).

(c) Heaters shall have GFCI protection complying with 680.5(B) or SPGFCI protection complying with
680.5(C), as applicable.

(d) If GFClis 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.

Additional Proposed Changes

File Name Description Approved
CN_396.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 396 appeared in the First Draft Report on First Revision No. 9247.

CMP 17 should consider revising the charging language to describe under what
conditions a storable or portable heater described in 680.45(C)(3) could be applied.

Related Item
* First Revision No. 9247

Submitter Information Verification




Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:22:05 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8391-NFPA 70-2024

Statement: These changes ensure consistency with NEC language to align with preferred terminology in the NEC style

manual and to improve clarity in technical contexts, maintaining uniformity across the code.

The requirement for bonding in 680.45(C)(1)(2) was retained as this is not addressed by equipment
grounding conductor.




| * ICorreIating Committee Note No. 396-NFPA 70-2024 [ Section No. 680.45(C) ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:19:08 EDT 2024

Committee Statement

Committee CMP 17 should consider revising the charging language to describe under what
Statement: conditions a storable or portable heater described in 680.45(C)(3) could be applied.

FR-9247-NFPA 70-2024

Ballot Results

v This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All

0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.




| Q\) IPuinc Comment No. 833-NFPA 70-2024 [ Section No. 680.45(C) ]
NFPA

(C) Heaters.

Heaters- Permanently installed heaters used with permanently installed immersion pools shall comply with either
680.45(C)(1) or 680.45(C)(2)._ Storable and portable heaters shall comply with 680.45(C)(3).

(1) Permanently Installed Heaters — Hare-Wired Other Than Cord-and-Plug-Connected .

Permanently installed heaters rated 120 volts through 250 volts nominal that are built-in or permanently attached as
an integral part of permanently installed immersion pools shall meet- comply with the following:

(1) Heaters shall be identified for swimming pool and spa use.

(2) Heaters shall be gretnded-and-bonded connected to an equipment grounding_conductor .

(3) -Heaters—shalthave-GFClprotectioncomptying-with- 686-5(B) - The outlet shall be provided with GFCI _or
SPGFCI protection- eomptying-,_as applicable, in accordance with 680.5(€) -as-appticabte .

(2) Permanently Installed Heaters — Cord- and Plug-Connected.

Permanently installed immersion heaters rated nominal 120 volts, 20 amperes or less, or nominal 250 volts, 30
amperes or less, single-phase, shattcompty- shall comply_ with the following:

(8) Heaters—shaltbeprovided-with-meansfor
grounting
(9) eonnecting- alt- normalty- non-ctrrent-carrying-metatparts- toaneqtipment-groundingconductor -

(3) Storable and Portable Heaters.

Cord-and-plug- connected storable or portable heaters rated 120 volts nominal and 20 amperes or less, or 250 volts
nominal and 30 amperes or less, single-phase, used-with-but-that are not permanently installed or attached as an
integral part of permanently installed immersion pools, shall meet comply with the following:

(1)_Heaters shall be identified for swimming pool and spa use.

(2) The cord shaII not shorter than 1.83 m (6 ft) and not longer than 4.6 m (15 ft).

(

4)_If _GFCI protection 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 Comment

These revisions are editorial in nature and are made for consistency with other code sections and to utilize proper
terminology.

Related Item




* FR 9247

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 06 11:20:11 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8391-NFPA 70-2024

Statement: These changes ensure consistency with NEC language to align with preferred terminology in the NEC style

manual and to improve clarity in technical contexts, maintaining uniformity across the code.

The requirement for bonding in 680.45(C)(1)(2) was retained as this is not addressed by equipment
grounding conductor.




| Q\) 'Public Comment No. 690-NFPA 70-2024 [ Section No. 680.58 ]
NFPA

680.58 Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-Interrupter (SPGFCI)
Protection for Adjacent Receptacle Outlets.

All receptacles 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, if any of the following conditions exist:

(1) If supplied by branch circuits rated 150 volts or less to ground, and 60 amperes or less, single-phase
(2) If supplied by branch circuits rated 150 volts or less to ground and 100 amperes or less, 3-phase

(3) If supplied by branch circuits exceeding 150 volts to ground but not exceeding 480 volts phase-to-phase and
100 amperes or less

Additional Proposed Changes

File Name Description Approved
CN_397.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 397 appeared in the First Draft Report on First Revision No. 9181.

CMP 17 should consider revising the requirement here to refer to the general rule in 680.5 (First
Revision 9045) instead of repeating the details in this section. The Correlating
Committee notes that the definition for SPGFCI in Article 100 has been revised.

Related Item
* First Revision No. 9181

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:20:56 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: SR-8393-NFPA 70-2024

Statement: The revision to 680.58 removes redundant language already covered by 680.5, which comprehensively

outlines the GFCI and SPGFCI requirements.




| Q) ICorreIating Committee Note No. 397-NFPA 70-2024 [ Section No. 680.58 ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 12:20:06 EDT 2024

Committee Statement and Meeting Notes

Committee CMP 17 should consider revising the requirement here to refer to the general rule in 680.5
Statement: (First Revision 9045) instead of repeating the details in this section. The Correlating
Committee notes that the definition for SPGFCI in Article 100 has been revised.

First Revision No. 9181-NFPA 70-2024 [Section No. 680.58]
Ballot Results

This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.



| Q\) 'Public Comment No. 834-NFPA 70-2024 [ Section No. 680.58 ]
NFPA

680.58 Ground-Fault Circuit-Interrupter (GFCI) and Special Purpose Ground-Fault Circuit-Interrupter (SPGFCI)

Protection for Adjacent Receptacle Outlets.

All receptacles located within 6.0 m (20 ft) of a fountain edge shall have GFCI protection eomptying-with- 686-5(B) - or
: £ ¢ : )

SPGFCI protection- comptying- ,_as applicable. in accordance with 680.5¢(S} ; ;
" st

Statement of Problem and Substantiation for Public Comment

Simplification of the text.

Related Item
*FR 9181

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 06 11:59:00 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Rejected but see related SR

Action:

Resolution: R- -NFPA 70-2024

Statement: The revision to 680.58 removes redundant language already covered by 680.5, which comprehensively

outlines the GFCI and SPGFCI requirements.




| Q\) 'Public Comment No. 143-NFPA 70-2024 [ Section No. 680.71 ]
NFPA

680.71 Branch Circuit.

Hydromassage bathtubs and their associated electrical components shall be eran-inadivictat- supplied by a minimum
of one individual branch circuit(s).

Statement of Problem and Substantiation for Public Comment

This PC proposes to revise the requirement to recognize that more than one individual branch circuit can supply a
hydromassage bathtub, which is permitted by their product standard. UL 1795 for Hydromassage Bathtubs permits up to 3
sources of supply to feed a hydromassage tub and its equipment, and the instructions are required to specify when more
than one supply is required.

Related Item
*FR 9190

Submitter Information Verification

Submitter Full Name: Vincent Della Croce
Organization: Siemens

Street Address:

City:

State:

Zip:

Submittal Date: Mon Jul 22 11:05:02 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but see related SR
Action:

Resolution: SR-8394-NFPA 70-2024

Statement:  The revision removes the phrase "be on an individual branch circuit" because it is contradictory. An individual
branch circuit cannot serve multiple loads, so specifying that it serves the hydromassage bathtub and
associated electrical components inherently means no other loads are served. This change aligns with similar
requirements found throughout the code, improving clarity without altering the technical intent.




| Q\) 'Public Comment No. 835-NFPA 70-2024 [ Section No. 680.71 ]
NFPA

680.71 Branch Circuit.
Hydromassage- Branch circuits supplying_hydromassage bathtubs and their associated electrical components shall

be-onan-individuat-branch-eiretit(s) serve no other loads .

Statement of Problem and Substantiation for Public Comment

An individual branch circuit cannot serve multiple loads, so how does it serve the hydromassage tub AND it associated
electrical components? If the intent is that the circuit not serve any loads that are not related to the tub, the language |
submitted should be accepted. Similar requirements can be found throughout the code when this prediciment comes up,
such as 760.41(B) for fire alarms.

Related Item
*FR 9190

Submitter Information Verification

Submitter Full Name: Ryan Jackson

Organization: Self-employed

Street Address:

City:

State:

Zip:

Submittal Date: Tue Aug 06 12:03:19 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but see related SR
Action:

Resolution: SR-8394-NFPA 70-2024

Statement:  The revision removes the phrase "be on an individual branch circuit" because it is contradictory. An individual
branch circuit cannot serve multiple loads, so specifying that it serves the hydromassage bathtub and
associated electrical components inherently means no other loads are served. This change aligns with similar
requirements found throughout the code, improving clarity without altering the technical intent.




| Q\) 'Public Comment No. 687-NFPA 70-2024 [ Section No. 680.75 ]
NFPA

680.75 GFCI Protection.

(A) General.

Hydromassage bathtubs and their associated electrical components shall be 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.

Additional Proposed Changes

File Name Description Approved
CN_390.pdf

Statement of Problem and Substantiation for Public Comment
NOTE: The following CC Note No. 390 appeared in the First Draft Report on First Revision No. 9190.

The Correlating Committee directs CMP 17 to identify the specific modifications to the
requirements of 210.8 made in this requirement. If there are no modifications to the general
requirement in Chapter 2, it is not necessary to restate the requirement in accordance with
NEC Style Manual Section 4.1.1.

Related Item
* First Revision No. 9190

Submitter Information Verification

Submitter Full Name: CC Notes

Organization: NEC Correlating Committee
Street Address:

City:

State:

Zip:

Submittal Date: Fri Aug 02 11:17:00 EDT 2024
Committee: NEC-P17

Committee Statement

Committee Action: Rejected but see related SR
Resolution: SR-8395-NFPA 70-2024
Statement: 680.75 item (B) is removed as this requirement is already addressed in 210.8.




| Q) ICorreIating Committee Note No. 390-NFPA 70-2024 [ Section No. 680.75 ]
NFPA

Submitter Information Verification

Committee: NEC-AAC
Submittal Date: Fri May 10 11:40:56 EDT 2024

Committee Statement and Meeting Notes

Committee The Correlating Committee directs CMP 17 to identify the specific modifications to the

Statement:  requirements of 210.8 made in this requirement. If there are no modifications to the general
requirement in Chapter 2, it is not necessary to restate the requirement in accordance with
NEC Style Manual Section 4.1.1.

First Revision No. 9190-NFPA 70-2024 [Detail]
Ballot Results

This item has passed ballot

12 Eligible Voters
1 Not Returned

11 Affirmative All
0 Affirmative with Comments
0 Negative with Comments
0 Abstention

Not Returned
McDaniel, Roger D.

Affirmative All
Ayer, Lawrence S.
Bowmer, Trevor N.
Hickman, Palmer L.
Holub, Richard A.
Jackson, Peter D.
Kendall, David H.
Manche, Alan
Osborne, Robert D.
Porter, Christine T.
Schultheis, Timothy James
Williams, David A.



| » IPuinc Comment No. 1735-NFPA 70-2024 [ Sections Part VI., 426.50, 426.51 ]
NFPA




Add new part VI and renumber existing Part VI to Part VIl and renumber sections.




Part VI Conductive Pavement Heating_ Systems

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

426.62 Listing . A conductive pavement heating system shall be listed as a conductive pavement heating
system.

426.64 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

instructions.

(B)_Professional Engineer Required . The design 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 design specifications,_installation

to the Authority Having Jurisdiction.

(D). Additional Design Information . Additional stamped independent engineering_reports detailing

request of the Authority Having Jurisdiction.

(E)_Conformance Documentation . Conformance documentation shall include details of conformance of the

426.66 Installation. _The conductive pavement heating system shall be installed in accordance with the
following.

(A)_Engineering Supervision . Conductive pavement heating systems shall be installed under design
engineering_supervision and in accordance with the manufacturer’s instructions.

(B)_Documentation. The engineer shall provide documentation of the testing_of the conductive pavement

installation instructions and conductive pavement mixture specifications.

2126. 68 Overtemperature Protection . The conductive pavement system shall have monitoring_for surface

temperatures and have overtemperature protection set not greater than15 ° C (60 ° F). An
overtemperature condition shall cause the power to the electrodes to be deenergized.

426.70 Conductive Pavement Heating System

(D)_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.

isolation transformer.
426.76- Wiring_Methods

(2)_The electrode power supply conductors shall have not less than 300 mm (12 in.) provided within
junction boxes.




(3)_The power supply_conductors from the control panel to a junction box shall be permitted to be any type
suitable for a wet location. These conductors shall be protected from exposure to direct contact with the
conductive pavement material.

(4)_The power supply_conductors shall be directly buried or shall be installed in nonmetallic raceway(s)
suitable for the temperature and environment.

(B)_Sensor and Control Conductors. _ Sensor and control conductors shall be installed in accordance
with the following:

control conductors installed in the conductive pavement.

(2)_Sensor and control conductors installed above the conductive pavement shall be installed in

(3)_Ferrous and nonferrous metal raceways, boxes, fittings, supports, and support hardware shall be
permitted to be installed above the conductive pavement 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.

and control conductors,_installed above the conductive pavement, such as area lighting, shall be installed
in accordance with the following:

permitted to be installed above the conductive pavement 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.

pavement.

426.78 Electrical Connection.

comply with one of the following:

(1)_Be connected by exothermic welding

(2)_Be of the irreversible crimp-type terminal complying with the following:

(a)_Connectors shall be listed for direct burial or concrete encasement.

(b)_Connectors shall be installed with stainless steel bolts, washers and nuts.

(B)_Circuit Connections . Splices and terminations, other than at the electrode end, shall be installed in a
box or fitting_in accordance with 110.14 and 300.15.

426.80 GFCI Protection . GFCI protection shall be provided for all 125-volt 15- and 20-amp single phase
branch circuits supplying equipment installed on the conductive pavement.

426.82 Conductive Pavement Material Testing. The conductive pavement material mixture and testing shall
comply with the following:

(A)_Have a wet resistance test conducted on the conductive pavement as it is installed, and the test report
shall be provided to the Authority Having Jurisdiction.

(B)_The wet resistance test results shall be within the specified limits of the engineering design.

(C)__Final approval for the installation shall not be granted until all material test reports have been provided
and reviewed.

426.84 Equipment Mounting . Structures or equipment mounted onto the conductive pavement surface
shall be mounted with nonmetallic anchors into the conductive pavement surface. No metallic anchors or
penetrations shall be permitted in the conductive pavement.

Sections Part VI., 426.50, 426.51
Part W VIl. Control and Protection
426.560—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 the indicating type and be lockable open in accordance with 110.25.

(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 disconnecting means unless they are 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. These devices shall not be permitted to serve as 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 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 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 lockable open in accordance with 110.25
Additional Proposed Changes

File Name Description

Clean word file of proposed changes due to Terra

PC_1735_Doc_Part_VI_Conductive_Pavement_Heating_Systems.docx issues with text changes.

Conductive Concrete article downloaded from
Conductive_Concrete_an_Electrifying_ldea_.pdf Internet. URL
https://engineering.unl.edu/faculty/cv/V50106P46.pdf

Statement of Problem and Substantiation for Public Comment
Introduction

The development of a conductive concrete heating system continues from the lowa State University Department of Civil,
Construction and Environmental Engineering with several pilot installations. Since the first draft meetings in January 2024,
additional research, laboratory testing and pilot site installations have been installed to find the optimal design with a low
voltage, 30 volts ac or less, power supply. This ongoing research required new configurations for the electrode spacing as
well as changes to the carbon fiber content in the concrete mix.

Testing in concert with UL of existing pilot installations set up for 208, 120, and 240 volts determined that the wet surface
voltage and resultant body current exceeded acceptable safe values and present potential shock hazards where bare hands
or feet were in contact with the surface. This along with the panel committee input statement determined the design change
to the lower voltage.

Recent testing of a sample slab operating with a 24-volt RMS supply measured with the test point right above the electrodes,
which should be the maximum value, found surface voltages to be approximately 16 volts RMS. The same result was found
for both solid (undamaged) and where deep cuts in the concrete, to the electrode depth, has been made to simulate cracks.

The Need for NEC Requirements

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 was proposed along with other changes specific to the conductive pavement
applications. The text in the public comment has revised what was proposed to include only requirements relative to the
electrical system and address the panel input and continued research activities.

As this effort to provide NEC requirements has been underway, information has become available that some engineering
companies are designing heated pavement systems for applications in cold weather areas with supply voltages to the

Approved



electrodes of 480 volts. Without some requirements from the NEC, it is very difficult for jurisdictions to deal with these
potentially unsafe installations.

National Need

A quick survey of other state and federal agencies has determined interest in this technology as well as integration into
similar research projects these states are already undertaking. Some of those agencies or states expressing specific interest
include:

Federal Aviation Administration

State of Alaska DOT

State of California DOT

State of lowa DOT (lead on the present project with lowa State University)

State of Missouri DOT

State of New Jersey DOT (similar project underway with Rowan University)

State of New York DOT

State of Texas DOT

State of Nebraska Department of Road (pilot project, see attached article) and Kansas City, Nebraska (similar project for bus
stop with University of Nebraska — Lincoln)

This topic has also been a topic of presentations for several years at the American Association of State Highway and
Transportation Officials (AASHTO) meeting with representation for all 50 states and US territories.

Proposed NEC Sections Technical Discussion

A new definition for Conductive Pavement Heating System has been proposed in a separate comment, PC 1733, to be
added in Article 100 for this new technology. This comment recommended the definition to be under the purview of CMP-17
and applicable to Article 426 only.

The scope of Article 426 has been modified in a separate comment, PC 1734, to accommodate this technology and provide
coverage for this system in the scope of Article 426.

No changes are proposed to Parts Il through V of Article 426 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 is 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 specific types of equipment or systems.

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 two remaining affected sections. This public comment includes the applicable section numbering
changes to the new Part VII, as revised by the panel in the first draft, and verified renumbering in cross references. No other
changes in Part VII are intended from this comment.

A general requirement is included to clarify which previous parts of Article 426 are to be included for installations of
conductive pavement heating systems. One item to note from Part Il is 426.13 which requires signage alerting anyone
approaching the conductive pavement that there is this system present. Some designs being considered include a light, to
supplement this sign, signifying the system is energized and operating when illuminated.

The first draft established a general listing requirement for snow melting and deicing equipment in 426.2. To ensure this
technology is properly covered by listing, an additional requirement is put in to require this system to be “listed as a
conductive pavement heating system”. This is to ensure certain equipment listings, such as the main control panel, are not
confused as covering the entire system.

The lowa Department of Transportation has engaged UL Solutions in a preliminary investigation toward developing the listing
requirements, and that project is ongoing. The UL project is being conducted in parallel and coordinated with the proposed
changes to the NEC as this Code cycle progresses. Part of the UL efforts will be ensuring the listing requirements align with
these code requirements.

The following key elements are included in the new requirements in Part VI

Each system will be unique to a site and will be required to be designed and specification from a registered professional
engineer. Similar requirements for these kinds of unique systems are already included elsewhere in code.

The installation will require oversight by the design engineer with some documentation requirements being made available to
the Authority Having Jurisdiction. 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 lowa DOT team working on this project.

There are clear documentation requirements for the initial design through the final commissioning to be provided to the
Authority Having Jurisdiction for review and approval. The manufacturer’s instructions, which 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. One of
these reports would be the “wet” and “cured” testing results for the resistance or conductivity of the conductive pavement
materials.




The primary hazards identified are potential shock and thermal burn hazards. The shock hazard is being mitigated by now
requiring the supply voltage not exceed 30 volts RMS or 60 Volts dc. The power supply is also required to be an isolation
transformer and the system to be ungrounded. This will address concerns for stray currents through the earth or effects on
other facilities. These requirements are consistent with other NEC requirements. Since the system is now low voltage from
an isolation transformer and to be an ungrounded system, only GFCI protection for 125 volt 15- and 20-amp branch circuits
supplying equipment installed on the conductive pavement is required.

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 at a temperature of 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.

Installation requirements have been revised to include a minimum electrode encasement in the conductive pavement.
Installation also includes wiring methods addressing the power supply to the electrodes, wiring to control and sensor
equipment embedded in or in support of the system, and wiring methods for other electrical equipment that may be installed
on the conductive pavement. Requirements are established for the proper connection devices of the supply conductors to
the electrodes and for the mounting of any equipment to structures onto the conductive pavement.

No special grounding and bonding are required under the revised requirements and all the requirements from Article 250
would apply as provided through 90.3.

Related Public Comments for This Document

Related Comment Relationship
Public Comment No. 1733-NFPA 70-2024 [New Definition after Definition: Concealed Knob-and-Tube
Wi...]
Public Comment No. 1734-NFPA 70-2024 [Section No. 426.1]
Related Item
* P14168 and Cl 8998

Submitter Information Verification

Submitter Full Name: Charles Mello

Organization: Cdcmello Consulting Lic

Affiliation: State of lowa Department of Transportation
Street Address:

City:

State:

Zip:

Submittal Date: Mon Aug 26 20:11:24 EDT 2024
Committee: NEC-P17

Committee Statement

Committee  Rejected but see related SR
Action:

Resolution: SR-8550-NFPA 70-2024

Statement: A new Part V| has been added to Article 426 to address conductive pavement heating systems, based on
Public Input 4168 and Public Comment 1735.

These requirements establish oversight by licensed professional engineers with documentation to be provided
to the Authority Having Jurisdiction.

The unique site-specific nature of these installations need this for the AHJ to make the final approval decision.

Hazardous locations and near swimming pools and similar environments were added as Prohibited Locations
to reduce the likelihood of ignition of flammable materials in these environments and to reduce the risk of
electric shock.

The operating voltage is limited to 30 Volts RMS or 60 Volts DC and must be from an ungrounded source in
line with accepted industry standards for applications where persons may be exposed and to further limit
surface contact voltage for any contact by persons.

Wiring methods specific to these kinds of installations were established to ensure that any penetrations into
the conductive pavement were with nonmetallic raceways and that metal from wiring methods or any




equipment anchors in contact with the conductive pavement were nonmetallic to mitigate potential shock
hazards. Language was added to ensure that surface mounted structures are electrically isolated from the
pavement to mitigate corrosion and electric shock hazards.

Overtemperature protection requirements were established to mitigate possible burn hazards to any persons
contacting the conductive pavement system surface. The overtemperature protection requirements of 426.68
were revised to expand the maximum surface temperature to 109°F, as the submitted 60°F is not hazardous
and may not result in a functioning system. The issue of automatic de-energization is better handled in the
product safety standard and was removed.

Section 426.70 was revised to change the “embedment” requirements to “cover” requirements for accuracy.
The types of support hardware were removed in favor of a simple requirement that they be nonconductive,
making this section less of a design specification.

The language regarding transformers in 426.74 was revised to include all power supplies because the system
can be a dc system.

Editorial revisions were made to remove text that was repetitive to other provisions in Part VI, and to comply
with the NEC Style Manual.

The testing and documentation requirements of 426.82 were consolidated, as much of the material is already
covered in other sections, such as 426.64(B).

Section 426.84 was reduced for simplicity while still addressing the safety concerns therein.

A new requirement for signage was added in 426.88. Although 426.13 applies to these installations, more
specific signage was deemed necessary due to the unique nature of these installations.

The former Part VI (Control and Protection) was renumbered to Part VII, and sections 426.50 and 426.51
were renumbered to 426.90 and 426.91, respectively.

The listing requirements for these systems were added to 426.2.
CMP-17 did not accept the public comment (PC-1735) verbatim for the following reasons:

Much of the submitted material was considered redundant to the requirements of Chapters 1-4 and was
therefore deleted.

There was much design criteria that was considered outside the purpose of the NEC, as indicated in 90.2(A).
That material was removed.

Material that was better addressed in a product safety standard was also removed.




Attachment to Public Comment No. 1735
See following link for article titled “Conductive Concrete — an Electrifying Idea”

https://engineering.unl.edu/faculty/cv/V50106P46.pdf


https://nam10.safelinks.protection.outlook.com/?url=https%3A%2F%2Fengineering.unl.edu%2Ffaculty%2Fcv%2FV50I06P46.pdf&data=05%7C02%7Cscaldwell%40nfpa.org%7Cd34bfa8072d1435a6a4b08dccb559eb3%7C99dd15e02b1d4b17afebd3682a8d7919%7C1%7C0%7C638608815798994587%7CUnknown%7CTWFpbGZsb3d8eyJWIjoiMC4wLjAwMDAiLCJQIjoiV2luMzIiLCJBTiI6Ik1haWwiLCJXVCI6Mn0%3D%7C0%7C%7C%7C&sdata=aGOXbynNESSGtXmcJa9i0yNCWqRbdZ6u7bWsPFyfuOk%3D&reserved=0

Part VI Conductive Pavement Heating Systems

426.60 General. Except as modified in this Part, conductive pavement heating
systems shall comply with Parts |, Il and VIl of Article 426 and the following additional
requirements.

426.62 Listing. A conductive pavement heating system shall be listed as a conductive
pavement heating system.

426.64 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 design 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 design specifications, installation instructions, mixture specifications,
and required conductivity test report requirements 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.

426.66 Installation. The conductive pavement heating system shall be installed in
accordance with the following.

(A) Engineering Supervision. Conductive pavement heating systems shall be
installed under design engineering supervision and in accordance with the
manufacturer’s instructions.

(B) Documentation. The engineer shall provide documentation of the testing of the
conductive pavement mixture, and commissioning of the system to the Authority Having
Jurisdiction.

(C) Specifications. Conductive pavement heating systems shall be installed in
accordance with the installation instructions and conductive pavement mixture
specifications.

Page 1



426. 68 Overtemperature Protection. The conductive pavement system shall have
monitoring for surface temperatures and have overtemperature protection set not
greater than 15°C (60°F). An overtemperature condition shall cause the power to the
electrodes to be deenergized.

426.70 Conductive Pavement Heating System

(A) Electrode Encasement. Embedded electrodes shall be encased by not less than
50 mm (2 in.) of conductive pavement on all sides of the electrode.

(B) Support and Securement. Electrodes and supply conductors within the conductive
pavement shall be supported and secured in place by nonmetallic 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 provisions are made for expansion,
contraction or other movement.

(D) 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.

426.72 Electrode Power Supply. The operating voltage of the conductive pavement
system electrodes shall not exceed 30 volts ac or 60 volts dc.

426.74 Ungrounded System. The power supply to the electrodes shall be an
ungrounded system from an isolation transformer.

426.76- Wiring Methods

A) Electrode Supply Conductors. The power supply conductors shall comply with the
following requirements:

(1) The power supply conductors to the electrodes encased for any part in the
conductive pavement shall be type USE-2 copper.

(2) The electrode power supply conductors shall have not less than 300 mm (12 in.)
provided within junction boxes.

(3) The power supply conductors from the control panel to a junction box shall be
permitted to be any type suitable for a wet location. These conductors shall be
protected from exposure to direct contact with the conductive pavement material.

(4) The power supply conductors shall be directly buried or shall be installed in
nonmetallic raceway(s) suitable for the temperature and environment.

(B) Sensor and Control Conductors. Sensor and control conductors shall be
installed in accordance with the following:

(1) Nonmetallic raceways suitable for the temperature and environment shall be used
for all sensor and control conductors installed in the conductive pavement.
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(2) Sensor and control conductors installed above the conductive pavement shall be
installed in nonmetallic raceways for any penetration through the conductive pavement.

(3)_Ferrous and nonferrous metal raceways, boxes, fittings, supports, and support
hardware shall be permitted to be installed above the conductive pavement 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.

(4) Metal raceways installed above the conductive pavement shall not have any contact
with the conductive pavement.

(C) Other Electrical Equipment. Electrical equipment, other than electrode supply
conductors and sensor and control conductors, installed above the conductive
pavement, such as area lighting, shall be installed in accordance with the following:

(1) All penetrations through the conductive pavement shall be nonmetallic raceways
suitable for the temperature and environment

(2) Ferrous and nonferrous metal raceways, boxes, fittings, supports, and support
hardware shall be permitted to be installed above the conductive pavement 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.

(3)Metal raceways installed above the conductive pavement shall not have any contact
with the conductive pavement.

426.78 Electrical Connection.

(A) Electrode Connections. Electrical connections to the electrodes within the
conductive pavement shall comply with one of the following:

(1) Be connected by exothermic welding

(2) Be of the irreversible crimp-type terminal complying with the following:

(a) Connectors shall be listed for direct burial or concrete encasement.

(b) Connectors shall be installed with stainless steel bolts, washers and nuts.

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

426.80 GFCI Protection. GFCI protection shall be provided for all 125-volt 15- and 20-
amp single phase branch circuits supplying equipment installed on the conductive
pavement.

426.82 Conductive Pavement Material Testing. The conductive pavement material
mixture and testing shall comply with the following:

(A) Have a wet resistance test conducted on the conductive pavement as it is installed,
and the test report shall be provided to the Authority Having Jurisdiction.
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(B) The wet resistance test results shall be within the specified limits of the engineering
design.

(C) Final approval for the installation shall not be granted until all material test reports
have been provided and reviewed.

426.84 Equipment Mounting. Structures or equipment mounted onto the conductive
pavement surface shall be mounted with nonmetallic anchors into the conductive
pavement surface. No metallic anchors or penetrations shall be permitted in the
conductive pavement.

Part \ VII. Control and Protection
426.5090 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 the indicating type and be lockable open in accordance
with 110.25.

(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.

(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 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. These devices shall not be permitted to serve as 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 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
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(3) Be lockable open in accordance with 110.25

Substantiation
Introduction

The development of a conductive concrete heating system continues from the lowa
State University Department of Civil, Construction and Environmental Engineering with
several pilot installations. Since the first draft meetings in January 2024, additional
research, laboratory testing and pilot site installations have been installed to find the
optimal design with a low voltage, 30 volts ac or less, power supply. This ongoing
research required new configurations for the electrode spacing as well as changes to
the carbon fiber content in the concrete mix.

Testing in concert with UL of existing pilot installations set up for 208, 120, and 240
volts determined that the wet surface voltage and resultant body current exceeded
acceptable safe values and present potential shock hazards where bare hands or feet
were in contact with the surface. This along with the panel committee input statement
determined the design change to the lower voltage.

Recent testing of a sample slab operating with a 24-volt RMS supply measured with the
test point right above the electrodes, which should be the maximum value, found
surface voltages to be approximately 16 volts RMS. The same result was found for
both solid (undamaged) and where deep cuts in the concrete, to the electrode depth,
has been made to simulate cracks.

The Need for NEC Requirements

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
was proposed along with other changes specific to the conductive pavement
applications. The text in the public comment has revised what was proposed to include
only requirements relative to the electrical system and address the panel input and
continued research activities.

As this effort to provide NEC requirements has been underway, information has become
available that some engineering companies are designing heated pavement systems for
applications in cold weather areas with supply voltages to the electrodes of 480 volts.
Without some requirements from the NEC, it is very difficult for jurisdictions to deal with
these potentially unsafe installations.
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National Need

A quick survey of other state and federal agencies has determined interest in this
technology as well as integration into similar research projects these states are already
undertaking. Some of those agencies or states expressing specific interest include:

Federal Aviation Administration

State of Alaska DOT

State of California DOT

State of lowa DOT (lead on the present project with lowa State University)
State of Missouri DOT

State of New Jersey DOT (similar project underway with Rowan University)
State of New York DOT

State of Texas DOT

State of Nebraska Department of Road (pilot project, see attached article) and
Kansas City, Nebraska (similar project for bus stop with University of Nebraska —
Lincoln, see attached article)

This topic has also been a topic of presentations for several years at the American
Association of State Highway and Transportation Officials (AASHTO) meeting with
representation for all 50 states and US territories.

Proposed NEC Sections Technical Discussion

A new definition for Conductive Pavement Heating System has been proposed in a
separate comment, PC 1733, to be added in Article 100 for this new technology. This
comment recommended the definition to be under the purview of CMP-17 and
applicable to Article 426 only.

The scope of Article 426 has been modified in a separate comment, PC 1734, to
accommodate this technology and provide coverage for this system in the scope of
Article 426.

No changes are proposed to Parts Il through V of Article 426 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 is 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 specific types of equipment or systems.

New Part VI

The new part is recommended to become Part VI and the existing Part VI to be
renumbered to Part VIl with applicable renumbering of the two remaining affected
sections. This public comment includes the applicable section numbering changes to
the new Part VII, as revised by the panel in the first draft, and verified renumbering in
cross references. No other changes in Part VII are intended from this comment.
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A general requirement is included to clarify which previous parts of Article 426 are to be
included for installations of conductive pavement heating systems. One item to note
from Part Il is 426.13 which requires signage alerting anyone approaching the
conductive pavement that there is this system present. Some designs being considered
include a light, to supplement this sign, signifying the system is energized and operating
when illuminated.

The first draft established a general listing requirement for snow melting and deicing
equipment in 426.2. To ensure this technology is properly covered by listing, an
additional requirement is put in to require this system to be “listed as a conductive
pavement heating system”. This is to ensure certain equipment listings, such as the
main control panel, are not confused as covering the entire system.

The lowa Department of Transportation has engaged UL Solutions in a preliminary
investigation toward developing the listing requirements, and that project is ongoing.
The UL project is being conducted in parallel and coordinated with the proposed
changes to the NEC as this Code cycle progresses. Part of the UL efforts will be
ensuring the listing requirements align with these code requirements.

The following key elements are included in the new requirements in Part VI

Each system will be unique to a site and will be required to be designed and
specification from a registered professional engineer. Similar requirements for these
kinds of unique systems are already included elsewhere in code.

The installation will require oversight by the design engineer with some documentation
requirements being made available to the Authority Having Jurisdiction. 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 lowa DOT team working on
this project.

There are clear documentation requirements for the initial design through the final
commissioning to be provided to the Authority Having Jurisdiction for review and
approval. The manufacturer’s instructions, which 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. One of these reports would be the “wet” and “cured”
testing results for the resistance or conductivity of the conductive pavement materials.

The primary hazards identified are potential shock and thermal burn hazards. The
shock hazard is being mitigated by now requiring the supply voltage not exceed 30 volts
RMS or 60 Volts dc. The power supply is also required to be an isolation transformer
and the system to be ungrounded. This will address concerns for stray currents through
the earth or effects on other facilities. These requirements are consistent with other
NEC requirements. Since the system is now low voltage from an isolation transformer
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and to be an ungrounded system, only GFCI protection for 125 volt 15- and 20-amp
branch circuits supplying equipment installed on the conductive pavement is required.

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 at a temperature of 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.

Installation requirements have been revised to include a minimum electrode
encasement in the conductive pavement. Installation also includes wiring methods
addressing the power supply to the electrodes, wiring to control and sensor equipment
embedded in or in support of the system, and wiring methods for other electrical
equipment that may be installed on the conductive pavement. Requirements are
established for the proper connection devices of the supply conductors to the electrodes
and for the mounting of any equipment to structures onto the conductive pavement.

No special grounding and bonding are required under the revised requirements and all
the requirements from Article 250 would apply as provided through 90.3.
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