DATE:
TIME:
LOCATION:

Board of Building Standards

EDUCATION COMMITTEE MEETING
AGENDA

MAY 13, 2021

10:00 AM

VIDEOCONFERENCE

DIAL-IN 614-721-2972,
CONFERENCE ID 508 285 300#

Staff and Guest ‘Check-in’

Call to Order

Consent Agenda

Course Applications

ER-1

2017 NEC Grounding and Bonding (Flanik)

All Certifications (6 hours)

Staff Notes: Recommend approval

ESIAC Recommendation: Recommend approval
Committee Recommendation:

2017 NEC Requirements for General and Special Equipment and Special Conditions
(Flanik)

All Certifications (6 hours)

Staff Notes: Recommend approval

ESIAC Recommendation: Recommend approval

Committee Recommendation:

2017 NEC Wiring, Equipment, and Overcurrent Protection (Flanik)
All Certifications (6 hours)

Staff Notes: Recommend approval

ESIAC Recommendation: Recommend approval

Committee Recommendation:

2017 NEC Wiring, Equipment, and Special Occupancies (Flanik)
All Certifications (6 hours)

Staff Notes: Recommend approval

ESIAC Recommendation: Recommend approval

Committee Recommendation:

614-644-2613

Ohio Board of Building Standards Fax 614 -644-3147

6606 Tussing Road

TTY/TDD 800-750-0750

Reynoldsburg, OH 43068-9009 An Equal Opportunity Employer and Service Provider com.ohio.gov



https://teams.microsoft.com/l/meetup-join/19%3ameeting_MjVlN2IwMGYtMTExYi00YTg4LTgxMjctMDM3NTFiMGI3ZmYw%40thread.v2/0?context=%7b%22Tid%22%3a%2250f8fcc4-94d8-4f07-84eb-36ed57c7c8a2%22%2c%22Oid%22%3a%2283e43368-5dd2-4320-b1f7-1d500e95c99e%22%7d

ER-5 2017 OBC Electrical Requirements and 2017 NEC General Equipment Installation
(Flanik)
All Certifications (6 hours)
Staff Notes: Recommend approval
ESIAC Recommendation: Recommend approval
Committee Recommendation:

ER-6 Buildings and Homes in Flood Hazard Areas (Simpson Strong-Tie)
BO, MPE, BI, RBO, RPE, RBI (1 hour)
Staff Notes: Same instructor as other course
Committee Recommendation:

ER-7 Cincinnati Cross Training, Part 5 (Building and Fire Code Academy)
RBI, RMI (two 3-hour sessions)
Staff Notes:
Committee Recommendation:

ER-8 Decks, Porches, and Boardwalks in Flood Hazard Areas (Simpson Strong-Tie)
BO, MPE, BI, RBO, RPE, RBI (1 hour)
Staff Notes:
Committee Recommendation:

ER-9 Fire Pumps (Central Ohio Code Officials Association)
ESI, BO, MPE, BPE, EPE, FPPE, BI, FPI (2 hours)
Staff Notes: Recommend approval
ESIAC Recommendation: Recommend approval
Committee Recommendation:

ER-10 Flexible Sprinkler Hose Systems (Victaulic)
ESI, BO, MPE, BPE, PPE, MechPE, FPPE, BI, FPI, RBO, RPE, RBI, RMI (2 hours)
Staff Notes:
ESIAC Recommendation:
Committee Recommendation:

Old Business

New Business

Adjourn
614-644-2613
Ohio Board of Building Standards Fax 614 -644-3147
6606 Tussing Road TTY/TDD 800-750-0750

Reynoldsburg, OH 43068-9009 An Equal Opportunity Employer and Service Provider com.ohio.gov
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CONSENT AGENDA
Course Applications
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File Attachments for ltem:

ER-1 2017 NEC Grounding and Bonding (Flanik)
All Certifications (6 hours)

Staff Notes: Recommend approval

ESIAC Recommendation: Recommend approval

Committee Recommendation:




Associated Consulting Solutions, LL.C

Governmental Solutions, Plan Review Services, Inspection Services, Education & Design Services

2017 NEC Grounding and Bonding

6-Hours of Continuing Education Credit

Course Description: This 6-hour seminar is designed for online or in-person training that
highlights key provisions of the 2017 OBC Electrical Requirements & 2017 NEC

This seminar highlights key provisions of the 2017 NEC regarding Grounding and Bonding.
This seminar:

» Provides practice in applying key requirements.

» Reinforces learning by supplying immediate feedback and clarification.

» Walks participants through content and intent.

Key topics covered with in-depth discussion:
e 2017 OBC Requirements

e  System Grounding

e Grounding Electrode System

e Service Bonding

e Bonding of Piping Systems & Structural Metal
e Bonding Jumpers

Course Outline:

1. 2017 0OBC-CHAPTER1

OBC Section 105.1 Approvals Required

OBC Section 102.10 Work Exempt From Approval

OBC Section 102.10.1 Emergency Repairs

OBC Section 102.10.2 Minor Repairs

OBC Section 106.1.1 Information on Construction Documents

YVYVYYVYYV

9671 Oxford Glen Drive, Mentor, OH 44060 * T (216) 256-3556 * W: www.acsadvantages.com




2. 2017 OBC — CHAPTER 27

OBC Section 2701.1 Scope

OBC Section 2701.2 Appliance and Fixture Listing
OBC Section 2702 Emergency and Standby Power Systems
OBC Section 2702.1 Installation

OBC Section 2702.2 Where Required

OBC Section 2702.3 Critical Circuits

OBC Section 2702.4 Maintenance

OBC Section 2703.1 Penetrations

OBC Section 2703.2 Cutting, Notching, and Boring
OBC Section 2704 Smoke Detection

OBC Section 2704.1 Smoke Alarm Circuits

VVVVVVVVVVYVY

3. 2017 NEC 5 New Articles

Article 425 — Fixed Resistance & Electrode Industrial Process Htg. Equipment
Article 691 — Large Scale PV Production Facility

Article 706 — Energy Storage Systems

Article 710 — Stand Alone Systems

Article 712 — DC Micro Grids

YVVVYYVY

4. Article 100: Grounded (Grounding)

5. Article 250 Grounding and Bonding

250.4(A)(1) Electrical System Grounding

250.8 Connection of Grounding and Bonding Equipment

250.20(B) Alternating-Current Systems of 50 Volts to 1000 Volts

250.24 Grounding Service-Supplied Alternating-Current Systems

250.28 Main Bonding Jumper and System Bonding Jumper

Table 250.102(C)(1)Size Main Bonding Jumpers

Grounding Separately Derived Alternating-Current Systems
250.30(A)(1) System Bonding Jumper

250.30(A)(4) Grounding Electrode

250.30(A)(5) Grounding Electrode Conductor, Single Separately Derived

YV V.V V V V V V V V

System
» 250.30(A)(6) GEC, Multiple Separately Derived Systems

9671 Oxford Glen Drive, Mentor, OH 44060 * T: (216) 256-3556 * W: www.acsadvantages.com
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5. Cont’d Article 250 Grounding and Bonding

YV V.V V V V V V V V V V V V

YV V VYV V

YV V V V VYV V

250.32 Buildings or Structures Supplied by a Feeder(s) or Branch Circuit(s)
250.50 All Electrodes present shall be bonded together (1-7)

250.52 Permitted Electrodes (1-8)

250.52 Grounding Electrodes

250.52(A)(2) Metal In-ground Support Structures(s)

250.52(A)(3) Concrete Encased Electrode

250.52(B) Not Permitted for Use as Grounding Electrodes

250.53(A)(2) Supplemental Electrode Required

250.53(A)(3)

250.53(D)(2) Supplemental Electrode Required

250.64(B)(4) Securing and Protection Against Physical Damage
250.64(E) Raceways and Enclosures for Grounding Electrode Conductors
250.66 Size of AC Grounding Electrode Conductor

Table 250.66 Grounding Electrode Conductor for Alternating-Current
Systems

250.66(A) Connections to a Rod, Pipe, or Plate Electrode(s)

250.66(B) Connections to Concrete-Encased Electrodes

250.66(C) Connections to Ground Rings

250.68 Grounding Electrode Conductor and Bonding Connection to
Grounding Electrodes

250.68(A) Accessibility

250.68(C) Grounding Electrode Conductor Connections

250.92(A) Bonding at Service

250.92(B) Method of Bonding at Service

250.94(A) Bonding for “Communication” Systems

250.94(B) Other Means

9671 Oxford Glen Drive, Mentor, OH 44060 * T (216) 256-3556 * W: www.acsadvantages.com

PAGE3




5. Cont’d Article 250 Grounding and Bonding

250.97 Bonding for Over 250 Volts

250.100 Bonding in Hazardous (Classified) Locations

250.102 Grounded Conductor, Bonding Conductors, and Jumpers
250.104(B) Other Metal Piping

CSST Bonding

Electrical Grounding (IFGC 309.1)

IFGC 310.1 Gas Pipe & Tubing other than CSST

IFGC 310.2 CSST (New Requirements)

IFGC 310.2.1 Bonding jumper point of connection

IFGC 310.2.3 Bonding Jumper Length

IFGC 310.3 ARC-RESISTANT CSST (New Section)

250.122 Size of Equipment Grounding Conductors

250.122(F) EGCs Installed in Parallel

250.122(F)(1) Conductor Installations in Raceways, Auxiliary Gutters, or

YV V.V VYV V V V V V V V V V V

Cable Trays

250.122(F)(2) Multiconductor Cables

250.146 Connecting Receptacle Grounding Terminal to Box
» 250.148 Continuity and Attachment of EGC to Boxes

Y VYV

9671 Oxford Glen Drive, Mentor, OH 44060 * T (216) 256-3556 * W: www.acsadvantages.com
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Board of Building Standards
6606 Tussing Road, P.O. Box 4009

Reynoldsburg, Ohio 43068-9009
(614) 644-2613 Fax: (614) 644-3147
dic bbs@com state.oh.us
www.com state.oh.us/dic/dicbbs.htm

APPLICATION

COHtlIlUlng Education COURSE SUBMITTER:
Course Approval

Course Submitter: Jerry Flanik

(Contact Name)

Continuing education programs approved for Organization: Associated Consutting Solutions, LLC
education credit by the Ohio Board of . (Organization/Company)
Building Standards may be used for Address: 9671 Oxford Glen Drive _ _
% . = . . (Include Room Number, Suite, etc.)

compliance with certification requirements City: Mentor State: Ohio Zip: 44060
related to code enforcement, plan review, and
inspection responsibilities. The credit is to be | E-Mail: jemy@associatedconsultingsolutions.com
used to renew the certifications issued by the

¢ e :+ 216-256-3556 .
Ohio Board of Building Standards pursuant to Telephone: Fax:
section 3781.10(E) ORC. Course Sponsor: Associated Consulting Solutions, LLC

COURSE INFORMATION:

Course Title: 2017 NEC Ground and Bonding

New Course Submittal: - Update Course: |:] Prior Approval Number:
hour seminar is designed for online or in-person training that highlights key provisions of the 2017 OBC

Purpose and Objective: This &-
Requirements and the 2017 NEC regarding system grounding, grounding electrode system, service bonding, bonding of piping systems and structural metal,

and bonding jumpers.

Number of Instructional Contact Hours that can be obtained upon completion: 6 hours

If Multi-Session, Number of Instructional Contact Hours Per Session:

Program Applicable for the Following Participants:

Building Official - Master Plans Examiner Building Inspector - Fire Protection Inspector . Mechanical Inspector -
Building Plans Exam. Plumbing Inspector -
Plumbing Plans Exam. Non-Res IU Inspector -

Electrical Plans Exam.
Mechanical Plans Exam.
Fire Protect. Plans Exam.

Res Building Official . Res Plans Examiner - Res Building Inspector - Res Mechanical Inspector . Res IU Inspector -

Electrical Safety Inspectors .
Location of ESI Course: TBD Date(s) of ESI Course(s): TBD
i el 2 . s : < . Check
SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted Off
Course Submitter: Name of contact person and their certification numbers, organization, address. fax, phone X
Organization sponsoring or requesting the program (if any)

Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed X
Contact Hours: [ndicate instructional time and credit requested in hours (e.g.: 0.5 hr, 1 hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested (for which course relates to certification) X
Content of Program: Include collated agenda, time schedule, course outline: list specific sections of code, references, and topics covered | X
Course Materials: Collated workbooks. handouts, hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials:

Completed Application: X
NOTE: The Board does NOT grant retroactive approval for courses presented prior to approval date.

BBS 81028110

Form: 1526
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2017 NEC Grounding and Bonding

Based on the 2017 National Electrical Code (NEC)

NFPA70

ASsOCIAT
ACSERE

PREFERRED

Meet the Instructor Y os

Gerald C. Flanik is an ICC-Certified Master Code Professional (MCP), and holds over 40 vatious licenses
and certifications. He is also a LEED BD+C Accredited Professional, Certified Floodplain Manager (CFM).

Mr. Flanik is President of Associated Consulting Solutions, LLC (ACS) in Cleveland, Ohio. ACS provides
plan review services, pre and post design analysis services for architectural and engineering firms, and
code consulting services throughout the United States. ACS is also an ICC Preferred Education Provider,
providing education throughout the United States. Previously, Gerald served as the Chief Building Official
for Lake County, Ohio for 16 years. Prior to working as a code official, he owned and operated a design
build contracting company.

Gerald holds a Bachelor of Science Degree in Mechanical Engineering and a Bachelor of Science Degree
in Electrical Engineering from Cleveland State University; as well as, a degree in Civil Engineering
Technology. He is also an adjunct faculty instructor at Lakeland College in the Civil and Electrical
Engineering Departments.

Jerry is a professional consultant for corporations and government agencies throughout the United States,
and for the International Code Council throughout the world.

C: i i LLC
associatedconsultingsolutions.com

T

ACSE
SOLUTIONS

Description

This seminar highlights key provisions of the 2017
NEC regarding Grounding and Bonding.

This seminar:
» Provides practice in applying key requirements.

» Reinforces learning by supplying immediate
feedback and clarification.

» Walks participants through content and intent.

Welcome

» Meet the instructor
» Participant introductions

ACSER .

2017 NEC Grounding and Bonding

Key topics covered with in-depth discussion:

2017 OBC Requirements

System Grounding

Grounding Electrode System

Service Bonding

Bonding of Piping Systems & Structural Metal
Bonding Jumpers

ACSE .

OBC Chapter 1

» This chapter is largely concerned with maintaining
“due process of law” in enforcing the performance
criteria contained in the body of the code.

» Chapter 1 is geared toward code officials, design
professionals, contractors and building owners.

10




OBC Section 105.1

105.1 Approvals Required

Any owner or owner's representative who intends to construct,
enlarge, alter, repair, move, or change the occupancy of a building
or structure, or portion thereof, or to erect, install, enlarge, alter,
repair, remove, convert or replace any electrical, gas, mechanical,
plumbing system, other building service equipment, or piping
system the installation of which is regulated by this code, or to
cause any such work to be done, shall first make application to
the building official and obtain the required approval.

However, OBC 102.10 contains additional information

OBC Section 102.10.1

102.10.1 Emergency Repairs

Where equipment replacements and repairs must be
performed in an emergency situation, an application for
approval shall be submitted within the next working
business day to the building official.

Provide some examples of electrical emergency
situations???

OBC Section 106.1.1

106.1.1 Information on Construction Documents

Construction documents shall be dimensioned and drawn upon suitable
material. Electronic media documents are permitted to be submitted when
approved by the building official. Construction documents shall be
coordinated and of sufficient clarity to indicate the location, nature and extent
of the work proposed and show in detail that it will conform to the provisions
of this code. Construction documents, adequate for the scope of the project,
shall include information necessary to determine compliance with the
building, mechanical, plumbing, fire, electrical, energy, and fuel gas codes
such as:
Item #15: System ipti Complete description of the plumbing, mechanical
and electrical systems, including: materials, insulation "R"-values, general routing
and sizes of all piping; location and type of plumbing fixtures and equipment;
plumbing schematics and isometrics; materials, insulation "R"-values, general
routing and sizes of all ductwork, vents, and louvers; location and type of heating,
ventilation, air conditioning, and other mechanical equipment; location and type of
all fire alarm, lighting and power equipment; type and size of all electrical
conductors.

ACSHsiE
SONHONS

OBC Section 102.10

102.10 Work Exempt From Approval

Approval shall not be required for the following work; however, this work
shall comply with all applicable provisions of the rules of the board:

Electrical:

1. Minor repair work, including the replacement of lamps or the connection of approved portable
electrical equipment to approved permanently installed receptacles.

2. Electrical equipment used for radio and television transmissions except equipment and wiring
for power supply, and the installations of towers and antennas.

3. The installation of any temporary system required for the testing or servicing of electrical
equipment or apparatus.

4. Electrical wiring, devices, appliances, apparatus or equipment operating at less than twenty-
five volts and not capable of supplying more than fifty watts of energy, unless specifically
addressed in this code.

5. Process equipment and the associated wiring on the load side of the power disconnect to the
equipment.

6. Electrical wiring equipment not connected to building services equipment in and adjacent to

natural or artificially made bodies of water as defined in Article 682 of NFPA 70 as referenced

in Chapter 35.

ACSEE .

OBC Section 102.10.2

102.10.2 Minor Repairs

Minor repairs to structures may be made without application or notice to
the building official. Such repairs shall not include the cutting away of
any wall, partition or portion thereof, the removal or cutting of any
structural beam or load bearing support, or the removal or change of any
required means of egress, or rearrangement of parts of a structure
affecting the egress requirements; nor shall minor repairs include
addition to, alteration of, replacement or relocation of any standpipe,
water supply, sewer, drainage, drain leader, gas, soil, waste, vent or
similar piping, electric wiring or mechanical or other work affecting public
health or general safety.

Provide some examples of minor repairs???

OBC Section 106.1.1

106.1.1 Information on Construction Documents

Construction documents shall be dimensioned and drawn upon suitable
material. Electronic media documents are permitted to be submitted when
approved by the building official. Construction documents shall be
coordinated and of sufficient clarity to indicate the location, nature and extent
of the work proposed and show in detail that it will conform to the provisions
of this code. Construction documents, adequate for the scope of the project,
shall include information necessary to determine compliance with the
building, mechanical, plumbing, fire, electrical, energy, and fuel gas codes

such as:
Item #15: System descriptions. Complete description of the plumbing, mechanical
and electrical systems, including: materials, insulation "R"-values, general routing
and sizes of all piping; location and type of plumbing fixtures and equipment;
plumbing schematics and isometrics; materials, insulation "R"-values, general
routing and sizes of all ductwork, vents, and louvers; location and type of heating,

ventilation, air conditioning, and other i i location and type of
all fire alarm, lighting and power equipment; type and size of all electrical
conductors.

11




OBC Section 106.1.1

What type of electrical constiuction documents
would you expect ta see regarding a new office
building for review and approval?

OBC Chapter 27

2701.1 Scope

This chapter governs the electrical components, equipment and systems
used in buildings and structures covered by this code. Electrical components,
equipment, and systems shall be designed and constructed in accordance
with the provisions of NFPA 70.

2701.2 Appliance and Fixture Listing

Electrical appliances and fixtures within the scope of this code shall be tested
and listed in published reports of inspected electrical equipment by an
approved agency and installed in accordance with all instructions included as
part of such listing.

OBC Chapter 27

Section 2702 Emergency and Standby
Power Systems

2702.1 Installation
Emergency power systems and standby power systems
shall comply with Sections 2702.1.1 through 2702.1.7.

2702.2 Where Required
Emergency and standby power systems shall be provided
where required by Sections 2702.2.1 through 2702.2.16.

2702.3 Critical Circuits

Cables used for survivability of required critical circuits shall
be listed in accordance with UL 2196. Electrical circuit
protective systems shall be installed in accordance with their
listing requirements.

2702.4 Maintenance

Emergency and standby power systems shall be maintained
and tested in accordance with Sections 604.4 to 604.5 of the
fire code.

e

ASSOCIATED.
CONSULTING
SOLUTIONS.

UL )uisteo

ASSOCIATED.
ACSER:
SOLUTIONS

Why do we need codes and
standards?

IKEA Rooftop PV Install (lllinois)
4,784 Panels

-

&

1.124 MW System

>3 - - y W
Bolingbrook (05.12.2018) No Injuries Reported

OBC Chapter 27

Section 2703 Penetrations

2703.1 Penetrations

Penetrations of walls, floors, ceilings and assemblies required to have a fire-resistance
rating, shall be protected in accordance with Chapter 7. Where cables, conductors and
raceways penetrate fireblocking or draftstopping, such penetrations shall be protected by
filling the annular space with an approved fireblocking material.

2703.2 Cutting, Notching, and Boring

The cutting, notching and boring of wood and steel framing members, structural members
and engineered wood products shall be in accordance with this code and as prescribed by
the registered design professional.

Section 2704 Smoke Detection

2704.1 Smoke Alarm Circuits

Smoke detectors required by this code and installed within dwelling units shall not be
connected as the only load on a branch circuit. Such detectors shall be supplied by
branch circuits having lighting loads consisting of lighting outlets in habitable spaces

AR

ACS —

Lake County; Fair Painesville, Ohio

Bumper Car Ride - Electrocution

08.12.2003

» Boy 8 Years old

» 22 Safety Violations

» Grounding & Bonding
» 2 Mil. Settlement

12




11.15.2017 Tree trimmer fatality
in Akron, Ohio

Electrocution:
23kv Line
bucket lift
accident; 1 died,
1 in serious
condition

Update:
2 deaths

“5” New 2017 NEC Articles

Article 425 - Fixed Resistance & Electrode
Industrial Process Htg. Equipment

Article 691 — Large Scale PV Production Facility
Article 706 — Energy Storage Systems
Article 710 — Stand Alone Systems

Article 712 — DC Micro Grids

ACSEE

2017 NEC “Features”

The 2017 NEC edition includes the following
usability features as aids to the user. Changes
other than editorial are indicated with gray shading
within sections. An entire figure caption with gray
shading indicates a change to an existing figure.
New sections, tables, and figures are indicated by a
bold, italic N in a gray box to the left of the new
material. An N next to an Article title indicates that
the entire Article is new.

Article 250 Grounding
and Bonding

ASSOCIATED,
CONSUITING
SOLUTIONS.

Grounding and Bonding

Grounding

- Limit the voltages due to lightning, line surges or unintentional
contact with higher voltage lines.

- Stabilize voltage to ground during normal operation.

Bonding

- Bonding (connecting non—current carrying conductive materials
together) shall be provided where necessary to ensure electrical
continuity and the capacity to conduct safely any fault current likely
to be imposed. The earth shall not be considered as an effective
ground-fault current path.

CS -\SSOUIA‘I‘ED
Al SSNtioNs

Article 100: Grounded (Grounding)

Grounded (Grounding). Connected (connecting) to ground
or to a conductive body that extends the ground connection.

Electrically
« conductive =
parts bonded
together

13




Article 100: Bonded (Bonding)

Bonded (Bonding). Connected to establish electrical continuity
and conductivity.

Grounded  Bonding Conductor or Jumper. A
reliable conductor to ensure the
required electrical conductivity between
metal parts required to be electrically
connected.

T

Csassocm

A CONSULTING
SOLUTIONS.

250.4(A)(1) Electrical System
Grounding

The Intent / Purpose of Grounding

Electrical systems that are grounded shall be
connected to earth in a manner that will limit the
voltage imposed by lightning, line surges, or
unintentional contact with higher-voltage lines and
that will stabilize the voltage to earth during normal
operation.

System Grounding
250.20(B) Alternating-Current
Systems of 50 Volts to 1000 Volts

(B) Alternating-Current Systems of 50 Volts to 1000 Volts.
Alternating-current systems of 50 volts to 1000 volts that supply
premises wiring and premises wiring systems shall be grounded
under any of the following conditions:

(1) Where the system can be grounded so that the maximum
voltage to ground on the ungrounded conductors does not
exceed 150 volts

(2) Where the system is 3-phase, 4-wire, wye connected in
which the neutral conductor is used as a circuit conductor

(3) Where the system is 3-phase, 4-wire, delta connected in
which the midpoint of one phase winding is used as a

circuit conductor

Grounding vs. Bonding

Source or system
i
ME | Grounded E
= il conductor [ §
Semelilior oo vese
] " V
Bonding Bonding (MBJ) Snding
Grounding
T S

ACSHEE
'SOLUTIONS

250.8 Connection of Grounding and
Bonding Equipment

2508 Connection of Grounding and Honding Equipment.

(A1 Permitted Methods. Fquipment grounding conductors,
grounding electrode conductors, and honding jumpers shall be
comnected by one ar more of the following means

(1) Listed pressure connectors

(2) Terminal bars

(3) Pressure connestors listed as grounding and bonding
equipment

) Exothermic welding process

(5) Machine screw-type fasteners that engage not less than
iwo threads or are secured with a not

(6) Thread-forming maching screws thal engage not less than
two threads in the enclosure

{7) Connections that are part of a listed assembly

(8) Other listed means

Cs.\ssomm
A CONSULTING
SOLUTIONS

OREKAM

@ Alternating-Current Systems
of 50 Volts to 1000 Volts

(2) Where the system is 3-phase, 4-wire, wye connected in
which the neutral conductor is used as a circuit conductor

L Service
hwntl
v e
N
s

Cs.\ssumxrm
A CONSULTING
SOLUTIONS
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R,

Alternating-Current Systems
of 50 Volts to 1000 Volts

(3) Where the system is 3-phase, 4-wire, delta connected in
which the midpoint of one phase winding is used as a
circuit conductor

L
I

ACS:s:s'.-.Lw

ACSwm;mG

250.24 Grounding Service-Supplied
Alternating-Current Systems

A premises wiring

(A) System Grounding Conr

system
supplied by a grounded ac service shall have a grounding

electrode conductor connected to the grounded service

at each servi

(A)G)-

conductor,
i 250 . 24(A)(1) through~s2.
it

ot tame

250.24 Grounding Service-Supplied
Alternating-Current Systems

(1) General. The grounding electrode conductor connection

shall be made at any accessible point from the load end of the
overhead service conductors, service drop, underground service
conductors, or service lateral to, including the terminal or bus to
which the grounded service conductor is connected at the service

disconnecting means. q
\"i I
. |
< |
- |
» dree |
i
Note: The accessibility of a point of connection has to nl|
be determined by the AHJ based on local conditions JL(‘

such as locked meter socket enclosures. 7
el |

cor LTING
ACSmams

250.24 Grounding Service-Supplied
Alternating-Current Systems

(2) Outdoor Transformer. Where the transformer supplying
the service is located outside the building, at least one additional

Service

connection to )

a grounding T !p
Service electrode |]
lateral

250.24 Grounding Service-Supplied
Alternating-Current Systems

(2) Outdoor Transformer. Where the transformer supplying the service is
located outside the building, at least one additional grounding connection shall
be made from the grounded service conductor to a grounding electrode, either
at the transformer or elsewhere outside the building.

Sarvice
connection 1 —
a grounding Il
Seiiics sloctrode 1
~ -

intoral

assnum'
ACSSse

ACSu s
'SOLUTIONS

250.24 Grounding Service-Supplied
Alternating-Current Systems

(4) Main Bonding Jumper as Wire or Busbar. Where the

main bonding jumper specified in 250.28 is a wire or busbar

and is installed from the grounded conductor terminal bar or bus
to the equipment grounding terminal bar or bus in the service
equipment, the grounding electrode conductor shall be permitted
to be connected to the equipment grounding terminal, bar, or bus
to which the main bonding jumper is connected.

(B) Main Bonding Jumper. For a grounded sysiem. an
unspliced main bonding jumper shall be used to connect the
conductorts) and the service-
ounded conductor within llu nmlmnn for

equipment groun
enclosure 1o the
each service disconnect in accordance with 2

ACSE:’:%‘}."'E'E'#?
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250.28 Main Bonding Jumper and
System Bonding Jumper.

(A) Material. Main bonding jumpers and system bonding
jumpers shall be of copper or other corrosion-resistant
material.
A main bonding jumper and a system bondingsj
shall be

a wire, bus, screw,

LT
ACSHss

250.28 Main Bonding Jumper and
System Bonding Jumper.

(D) Size. Main bonding jumpers and system bonding jumpers
shall be sized in accordance with 250.28(1) (1) throngh
(D) (3)

(1) General. Main bonding jumpers and sysemn bonding

) s shall not be smaller han specified in Table
250.102(C) (1)

750 ki

(2) Main Bonding Jumper for Service with More Than One
Enclosure, service consists of more than a single
in bonding jumper
accordance with
uncled service condiic-

ving it ene

ACS&S%E";“

TABLE 250J02(CK1) Goanded Conacior Main Bomding Jusper Sitem Boncheg Jumper ond
S Sl Bowding e for Abernin Coret Siiems

Siae of Largest Ungrounded Conductor o
Equivalent Area for Puralll Conductors Su of Grounded Conductor o
AWk [y —T—
Abuminem or Copper-Chd Alumioum or Copper-Cld
Aluminom Alumnem

§ 3

6 4

' 1

1 w

0 W

0 w

MJI\I Sce Notes |imd ]

T
ACSssa%"f

Grounding Separately Derived

Alternating-Current Systems.
250.30(A)(1) System Bonding Jumper

(1) System Bonding Jumper. An unspliced system bonding
jumper shall comply with 250,28 (A) through (D). This connec-
tion shall be made at any single point on the separately derived
system from the source to the first system disconnecting means
or overcurrent device, or it shall be made at the source of a
separately derived system that has no disconnecting means or
overcurrent devices, in accordance with 250.30(A)(1)(a) or
(b). The system bonding jumper shall remain within the enclo-
sure where it originates. If the source is located outside the
building or structure supplied, a system bonding jumper shall
be installed at the grounding electrode connection in compli-
ance with 250.30(C).

ACSW..,

250.30(A)(4) Grounding Electrode

Separately Derived Systems

(4) Grounding Electrode. The building or structure grounding
electrode system shall be used as the grounding electrode for the
separately derived system. If located outdoors, the grounding
electrode shall be in accordance with 230.30(C).

Exception: Ifa separately derived system originates in equip-
ment that is listed and identified as suitable for use as service

the g di 1 de used for the service or
feedzr eqmpmenl shall be permitted 1o be used as the ground-
ing electrode for the separately derived system.

As described in 250.52(A)(1) through (A)(7), all electrodes that are present
are required to be bonded together to form the grounding electrode system
for the building or structure. Separately derived systems are required

to utilize the entire building or structure grounding electrode system as

the grounding electrode.

ACSEs

250.30(A)(4) continued

Any of the other electrodes identified in 250.52(A)
shall be used if the electrodes specified by
250.30(A)(4) are not available.

You are now required to utilize the grounding
electrode for the building.

480V to 208/120V Transformer
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250.30(A)(5) Grounding Electrode Conductor,
Single Separately Derived System

Separately Derived Systems

(5) Grounding Electrode Conductor, Single Separately
Derived System. A grounding clectrode conductor for a single
separately derived system shall be sized in accordance with
250,66 for the denved ungrounded conductors. [t shall be used
to connect the grounded conductor of the derived system to the
grounding electrode in accordance with 250 3((A)4), oras per-
mitted in 250 68(C)(1) and (2). This connection shall be made
at the same point on the separately derived system where the
system bonding jumper is connected.

EXA
o* /\'1101(c
bk Eguipment arcunding.
A 8| o o
5
CT | L=
e i
P o
ek rouv il
Bulding goundrn
Separately derived systems are required to have a system bonding
jumper to connect the grounded circuit conductor (neutral) to the
supply
side bonding jumper or equipment grounding conductor, or B¢y, ¢ gter bonding jumper can be installed in several ways.
For example, if a multi-barrel lug is connected to the XO terminal of a

transformer,
the system bonding jumper, grounding electrode conductor, grounded conductor,
and supply-side jumper can be connected at that connector. If a multi-barrel lug

is connected to the transformer or generator enclosure, a common practice is to
‘ SmNgumm; = connect the system bonding jumper, the grounding electrode conductor, and the
SOLUTIONS. bonding jumper or conductor to that connector. The grounded conductor should

250.32 Buildings or Structures Supplied by
a Feeder(s) or Branch Circuit(s)

4} Grounding Electrode. Buildingts) or structure(s) supplied

by feeder(s) or branch circuit(s) shall have a grounding elec- I iz I
trocks or grounding electrode system instlled in acconfance with

Part ] of Article 250, The grounding electrode conductorfs) shall
be connected in accordunce with 250.32(B) or (C). Where there
s no existing grounding electrode, the grounding electrode(s)
required in 250,50 shall be installed

Multiwire branch
circuit with EGC

Exception: A grounding electrode shall not be required where
only a single branch circuit, including a multiwire branch cir-
cut, supplies the building or structure and the branch circuit
includes an equipment grounding conductor for grounding
the normally non-current-carrying metal parts of equipment

\ssom'rsb
CONSULTING
SOLUTIONS.

(REAMg

System

Exquipmans graunding
o

[ [povirzov

.

s
oo o et

e et A

Single Separately Derived

System bonding - Supply-side

iy
Tmpar bonding fumpst
Building Grounding
. Greunding slestrode conductor

Figure 1 and Figure 2 illustrate two acceptable locations for connecting the
GEC to the grounded conductor of a separately derived system. These figures
depict typical wiring arrangements for dry-type transformers supplied from a

480-volt,

3-phase feeder to derive a 208Y/120-volt or 480Y/277-volt secondary.

250.30(A)(6) GEC, Multiple
Separately Derived Systems

Common Grounding Electrode Conductor

(A) The common grounding electrode conductor shall be
permitted to be one of the following:

(1) A conductor of the wire type, 3/0 CU or larger.
(2) A metal water pipe that complies with 250.68(C)(1)

(3) The metal structural frame of the building or structure

that complies with 250.68(C)(2) or 3/0 CU or larger wire.

250.32 Buildings or Structures Supplied by
a Feeder(s) or Branch Circuit(s)

By Grounded Systems.

Feeder or Branch Cireuit. An equipment
grounding conductor, as described in 250.1 8, shall be run with
the supply conductors and be connected to the building o struc-
ture disconnecting means and to the grounding clectrode(s). The
equipment grounding conductor shall be used for grounding
or bonding of eguipment, structures, o frames required o be
grounded or bonded. The equipment grounding canductor shall
e sized in accordance with 250122, Any installed grounded
conductor shall not be connected to the equipment grounding
conductor or (o the grounding electrodeds)

Cs.\ssomm
A CONSULTING
SOLUTIONS

Main buiding
s=tvice equipment

Remote buiding

Isolated —__
neutral

/
Grounding electiods requirsd
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Grounding

250.50 All Electrodes present shall
be bonded together (1-7)
250.52 Permitted Electrodes (1-8)

Frame
Encased
(4) Ground Ring
(5) Rod / Pipe
(6) Other Listed
(7) Plate
Systems

-
‘ SAc%sr?m'rms
SOLUTIONS

250.50 Grounding Electrode System

» 250.50 Gr ding Electrode Sy

» All grounding electrodes as described in
250.52(A)(1) through (A)(7) that are present
at each building or structure served shall be
bonded together to form the grounding
electrode system. Where none of these
grounding electrodes exist, one or more of
the grounding electrodes specified in
250.52(A)(4) though (A)(8) shall be installed
and used.

Exception: Concrete-encased electrodes of
existing buildings or structures shall not be
required to be part of the grounding electrode
system where the steel reinforcing bars or
rods are not accessible for use without
disturbing the concrete.

250.52 Grounding Electrodes

If (1) through (7) exist, you
must use, otherwise install
one or more of (4) through (8).

250.52 Grounding Electrodes.
(A) Electrodes Permitted for
Grounding:

» (1) Metal Underground Water Pipe.
2) Metal Frame of the Building or
tructure. (in 10’ of earth)

0’ of earth with %" min rebar)
(4) Ground Ring. (2 AWG Min, 20’

(6) Other Listed Electrodes

(7) Plate Electrodes. (2 ft? min, %"
thick)

(8) Other Local Metal Underground
Systems or Structures.

3) Concrete-Encased Electrode. (in

(5) Rod and Pipe Electrodes. (8’ min

250.52 Grounding Electrodes

250.52(A)(2) Metal In-ground Support Structures(s)

N (2} Metal In-ground Support Structure(s). One or more metal

in-ground support structure(s) in direct contact with the earth [+ Metal supgort

vertically for 3.0 m (10 f1) o more, with or without concrete s Grounding
encasement. If multiple metal in-ground support structures are Servce —""| m‘;’;
present at a building or a structure, it shall be permissible to bond it

only one into the grounding electrode system.

od, 7 Metal

Concrate-gncaseg  Undergrour
| eloctiode | wator pips

e— 1010t in

ACSsmmmﬂ.;c

250.52(A)(2) continued

Informational Note: Metal in-ground support structures include,
but are not limited to, pilings, casings, and other structural metal.

Metal in-ground support structure electrodes extend the metal building
frame into the ground. Connection to more than one in-ground structural
member is not necessary. Metal frames of buildings that are

secured to hold down bolts connected to a concrete-encased electrode
are permitted by 250.68(C)(2) to serve as the grounding electrode
conductor.

‘ Sconm'rms
SOLUTIONS

250.52(A)(3) Concrete Encased
Electrode

d Electrode.
mm shall consist of at least 6.0 m xzu ) of either (1) or (2)

or structure, it shall be permissible to bond only one into the &
srounding electrode sysem

ACSE .
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250.52(A)(3) Concrete Encased
Electrode

Requirements:

20’ minimum rebar

#4 rebar = %" Diameter
or 20’ #4 CU wire,

with steel tie wire(s),
encased by 2” of
concrete.

#4 Footing Rebar at least
20-0'in length

Min. of 2 Tie wires required

#4 (") or larger

250.52(B) Not Permitted for Use
as Grounding Electrodes

(B) Not Permitted for Use as Grounding Flectrodes, The

following systems and materials shall not be used as grounding

electrodes:

(1) Metal underground gas piping systems

2) Aluminum

(3) Thes and structural reinforci | described in
680 26(B) 1) and (BN2)

Informational Note: See 2501.104(B) for bonding requirements
of gas piping

Number (3) is New!

The structures and structural reinforcing
steel described in 680.26(B)(1) and
(B)(2).

**Swimming pool perimeter surfaces,
bonding purposes only; not permitted for
grounding**

250.53(A)(2) Continued

Exception:

If a single rod, pipe or plate grounding electrode has
a resistance to earth of 25 ohms or less, the
supplemental electrode shall not be required.

250.53(A)(3) 6’ minimum spacing required
between electrodes.

250.52(A)(3) Concrete Encased
Electrode

To qualify as a grounding electrode, the horizontal or vertical installation
of the steel reinforcing rod or the 4 AWG bare copper conductor within
the concrete encasement is required to be in contact with the earth for
one continuous 20-foot length. Shorter lengths of reinforcing rod can be
connected together to form an electrode of at least 20 feet using the
connection methods identified in this requirement.

250.53(A)(2) Supplemental
Electrode Required

A single rod, pipe, or plate electrode shall be
supplemented by an additional electrode of a type
specified in 250.52(A)(2) — (A)(8). The
supplemental electrode shall be permitted to be
bonded to one of the following:

(1)  Rod, pipe or plate electrode

(2) Grounding electrode conductor

(3) Grounded service-entrance conductor
(4) Non-flexible grounded service raceway
(5) Any grounded service enclosure

250.53(D)(2) Supplemental
Electrode Required
Metal UG Water Pipe shall be Supplemented

A metal underground water pipe shall be supplemented
by an additional electrode of a type specified in
250.52(A)(2) — (8). If the supplemental electrode is of
the rod, pipe, or plate type, it shall comply with
250.53(A). 25 ohms or less; or (2) Rods Required

1. Service upgrades with UG water pipe only.
2. New Construction

3. Temporary poles

4. Oil wells, traffic signals, etc.
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Grounding Electrode Conductor
Installation
250.64(B)(4) Securing and Protection
Against Physical Damage

(4) In Contact with the Earth. Grounding clectrode con-
ductors and grounding electrode bonding jumpers in contact
with the earth shall not be required to comply with 300.5, but
shall be buried or otherwise protected if subject to physical
damage.

Previous editions did not address buried GEC’s.

250.66 Size of AC Grounding
Electrode Conductor

Clarification; Applies to (A), (B) & (C)

The size of the GEC shall not be less than Table
250.66 except as permitted by 250.66 (Az, sB) & (C):
“does not extend on or to other types of electrodes”
that require a larger size conductor.

(A) Rod, pipe or plate (#6 CU);

(B) Concrete-encased electrodes (#4 CU); or

(C) Ground rings (#2 CU minimum)

250.66(A) Connections to a Rod,
Pipe, or Plate Electrode(s)

(A} Connections (o a Rod, Pipe, or Plate Electrode(s). Ifthe
grounding electrode conductor o bonding jumper connected #o ANG w/
to & single o multiple rod, pipe, or plate electrode(s), or any
combination thereof, as described in 250.52(AX3) or (ANT),
does not extend on 1o other types of electrodes that roquire 3
asger size conductor, the prounding chectrode conductor shall
ot be required io be larger than 6 AWG copper wire or 4 AWG
aluminum wire

250.64(E) Raceways and Enclosures
for Grounding Electrode Conductors

Clarification of Intent

Ferrous metal raceways and enclosures shall be
bonded at each end of the raceway or enclosure
to the grounding electrode or grounding electrode

conductor (in order) to create an electrically
parallel (or continuous) path.

XA,
<<0?\?— Mp[
Table 250.66 Grounding Electrode Conductor
for Alternating-Current Systems
Table 250.66 Grounding Electrode Conductor for
Alternating-Current Systems
Size of Largest Ungrounded
Service-Entrance
Conductar or Equivalent
Area for Parallel Size of Grounding Electrode
Conductors® (AWG/kemil) Conductor (AWG/kemil)
Aluminum or Aluminum or
Copper-Clad Copper-Clad
Copper Aluminum Copper  Aluminum”
2 or smaller 10 or smaller 5 6
Lo 0 2M00r 30 6 4
|oow] 40020 2
ST SR Pl e Qver 30 Over 130 2 )
= ; = = hrough  thmugh 300
V= : throug .
vw Ower350 Over 500 1 ¥
Fcuared io b2 ot - through  through 900
Jess than 2 AWG Cu = 6000
Grounding Electrode System Over 600 Over 900 20 40
i QR ol O
. 100
Over 1100 Over 1750 3o 250

ACSEse

OREKAM,

250.66(A) Connections to a Rod, Pipe, or
Plate Electrode(s)

{A) Connections to a Rod, Pipe, or Plate Electrodeis). [fthe
grounding clectrode conductor or bonding jumper connected
to 4 single or multiple rod, pipe. or plate clectrode(s), or any
combination thereof, as described in 250.52(AX5) of (AX7),
does not extend on to other types of electrodes thal require a
larger size conductor, the grounding electrode conductor shall {
not be required to be farger than 6 AWG copper wire or 4 AWG
aluminum wire.

Requred o be not
e than 2 AWG Cu’

Ground ing

Grounding Electrode System
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250.66(B) Connections to Concrete-
Encased Electrodes

(B) Connections to Concrete-Encased Electrodes. If the
grounding electrode conductor or bumﬁng jllmper connected to
asingle or multiple concret in
250.52(A)3). does not extend on lumhcrlypaufclemodum
require a larger size of conductor, the grounding electrode conduc-
tor shall not be required to be larger than 4 AWG copper wire.

CS “wc"m’?,
Ji l SOLUTIONS.

250.66(C) Connections to Ground
Rings

(€) Connections to Ground Rings. If the grounding electrode
conductor or bonding jumper connected to a ground ring, as
described in 250.52(A)4), does not extend on 1o other types of
electrodes that require a larger size of conductor, the grounding
electrode conductor shall not be required to be larger than the
conductor used for the ground ring.

Ground ring
2 AWG copper
minimum —

-\‘SOCIA’I'ED
CONSULTING
SOLUTIONS.

ORFAMe,
250.66(B) Connections to Concrete-Encased
Electrodes

(B) Connections to Concrete-Encased Electrodes. If the
grounding ‘Immb: conductor ntbming Jmp:e:mxmi 1o
asingleormul

S0SHA) rxmm d i

e e b e

require g grounding
tor shall not be required to be larger than 4 AWG copper wire.

Grounding Electrode System

250.68 Grounding Electrode Conductor
and Bonding Connection to Grounding
Electrodes

230.68 Grounding Electrode Conductor and Bonding;
Jumper Connection to Grounding Electrodes. The connec-
tion of a grounding clectrode conductor at the service, at cach
building or structure where supplied by a feeder(s) or branch
circuit(s), or at & separately derived system and associated bond-
ing jumperts) shall be made as specified 250.68(A) through (C).

Servica Equipment

Grounaing

Bonding
Jumger

He Matal Cancroto. Banding

Walor Pipe Encasod  Jumpar
Eloctrodo 4

tiruiet Hod

Ground Ring

‘ Sconm'rms
SOLUTIONS

EXAM,
ORI,

250.66(C) Connections to Ground Rings

(C) Connections to Ground Rings. If the grounding electrode
conductor or honding jumper connected to a ground ring. a5
deseribed in 250.52(A)4), does not extend on to other types of
electrodes that require a larger size of conductor, the grounding
electrode conductor shall not be required to be larger than the
conductor used for the ground ring,

Grounding Electrode System

ACS:sﬂ.éa:\

250.68(A) Accessibility

(A) Accessibility. All mechanical elements used to terminate a
grounding

Exception No. I: An encased or buried connection to a concrete-
encased, driven, or buried grounding electrode shall not be

required to be accessible. Buikdng Sl
Exception No. 2: Exothermic or i) sible ¢ ion con-

nections used ai terminations, together with the mechamical .

means used to attach such terminations te fireproofed structural tmm

metal whether or not the mechanical means is reversible, shall Coreienr

not be required to be accessible. Bonding

dumpt

Caner
Ve Pipo El\cmd Jumpu

el Rty
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EXAN,
O

250.68(A) Accessibility

An encased or buried connection o a concrete-
or buried grounding electrode shall not be
essible.

Excepric
encased, dr
required 10

Exothermic or irreversible compr
ot terminations, together with the
ttiach such terminations to fireproof
hanical means is reversible, shail
not be required 1o be accesible,

-

Would the mechanical 0 @ Q)
termination be accessible
if the meter was “sealed”
by the utility company?

ACSmi"Z'?x%'NT

250.68(C) Grounding Electrode
Conductor Connections

Interior metal water piping that is electrically
continuous with a metal underground water

pipe electrode and is located not more than 5’

from the point of entrance to the building shall

be permitted to extend the connection to an
electrode(s). Interior metal water piping
located more than 5’ from the point of
entrance to the building shall not be used as

a conductor to interconnect electrodes of the Soniing

GES. ok

Buikding Stesd

Barvica Cquipment

Greunding
Clecirode.

Doneding
dumpor

vl Aol

]
g Ml Gokrety Burnling
Vior Pl Encused i
Enctiody

Ground Ring

250.92(A) Bonding at Service

(A) Bonding of Equipment for Services. The
normally
non-current-carrying metal parts of equipment
indirated in
25:(1) All racesays, cable trays, cablebus framework. auxiliary gui- sgether.
ters, or service cable armor or sheath that enclose, contain,
or support service conductors, except as permitted in 250 m
(2) All enclosures containing service conductors, including
meter fittings, boxes, or the like, interposed in the service

Fuceway of armor

250.92(B) Method of Bonding at
Serwce

(1) Bonding cquipment o the grounded service conductor in
o manner provided in 250§

(2) Coanections utilizing theeaded couplngs o« threaded bubs
on enclosures if made op wrenchtight

3) Threadless couplings and conacctoss i made up tight for
metal aceviays and metal-clad cables

4) Other ised devices.such as Bonding-type lockauts, bush-
ings, orbushings with bonding jumpers

250.94(A) Bonding for
“Communication” Systems

Intersystem Bonding Termination Device

1. Be accessible for connection / inspection
Capacity for not less than (3) IB conductors

Not to interfere with opening SE equipment
Securely mounted & electrically connected to SE
Securely mounted to disconnecting means
Terminals listed for grounding & bonding

o o »>w N

Designed for minimum #6 CU conductors

ACSER

250.94(A) Bonding for
“Communication” Systems

Incorrect! Correct
No potential differences
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250.94(B) Other Means

N Recognizes Aluminum and Copper Bus bars
provided with (3) terminations for communication
systems in addition to other connections.

Acs.«sse
CONSULTING
SOLUTIONS

OREKAMe,

Bonding Examples

250.97 Bonding for Over 250 Volts. For circuits of over

250 volts to ground, the electrical continuity of metal raceways
and cables with metal sheaths that contain any conductor other
than service conductors shall be ensured by one or more of the
methods specified for services in 250.92(B), except for (B)(1).
Esception: Where wversized, concentic, or ecceniric knock-
ouis are nof encountered, or where a box or enclosure with
concentric or ecceniric knockouts is listed to provide @ reliable
Banding eonection, the following methods shall be permitted:

1) Threadless couplings and conneciors for cables with metal
sheaths

(2} Twolocknats, on rigid meial conduit o intermediase metal
‘conduit, one inside and one outside of boves and cabines

£3) Fittings with showiders that seat firmly against the hox
or cabinet, such as electrical metallic tubing connectors,
flexible metal conduit connectors, and cable connectors,
with ane locknut on the invide of boxex and cabinets

14) Listed fittings

e

ASSOCIA
CONSULTING
SOLUTIONS.

250.102 Grounded Conductor,
Bonding Conductors, and Jumpers

» For proper sizing of a grounded conductor, main bonding
jumper, system bonding jumper, or a supply-side bonding
jumper for an alternating-current (ac) systems, provisions of
250.102 and Table 205.102(C)(1) must be utilized

» The term “Grounded Conductor” was added to the title of 250.102
to more accurately reflect what the section addresses

CS ASSOCIATE
A CONSULTING
SOLUTIONS.

250.97 Bonding for Over 250 Volts

250.97 Bonding for Over 250 Volts. For circuits of over

250 volts to ground, the electrical continuity of metal raceways
and cables with metal sheaths that contain any conductor other
than service conductors shall be ensured by one or more of the
methods specified for services in 250.92(B), except for (B)(1).

Exception: Where oversized, concenric, or ecceniric knock-
auty are not encountered, or where a box or enclosure with
concentric or eccentric knockouts is listed to provide a reliable

bonding connection, the ollowing methods shall be permitted:

(1) Threadie ings and. for
sheaths

(2) Twolocknuts, on rigid metal conduit or intermediate metal
conduit, one inside and one outside of boxes and cabinets

(3) Fitings with shoulders that seat firmly against the box
ar cabinet, such ax electrical metallic rwhing connectors
Slexible metal conduit connectors, and cable connectors,
with one locknut on the inside of boxes and cabinets

(4) Listed fistings

480V Primary conductors supplying
transformer

ACSE .

250.100 Bonding in Hazardous
(Classified) Locations

Regardless of the voltage of the electrical system, the electrical
continuity of non—current-carrying metal parts of equipment, raceways,
and other enclosures in any hazardous (classified) location,

as defined in 500.5, 505.5, and 506.5, shall be ensured by any of

the bonding methods specified in 250.92(B)(2) through (B)(4).

One or more of these bonding methods shall be used whether or

not equipment grounding conductors of the wire type are installed.

250.102 Grounded Conductor, Bonding
Conductors, and Jumpers(cont.)

» The term “Aluminum and copper-clad aluminum” added to the
choices of material acceptable for bonding jumpers

Title of 250.102(C)(2) has been revised from “Size for Parallel
Conductor Installations in Two or More Raceways” to “Size for

Parallel Conductor Installations in Two or More Raceways or
Cables”

This will help avoid any misperception as a cable is not the same
as a raceway

ASSOCIATED
‘ Scommc
'SOLUTIONS
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Shall be of copper, aluminum, copper-
clad aluminum, or other corrosion-
resistant material such as ....wire,
bus, screw.

Attached per 250.8 for circuits and
equipment and 250.70 for grounding
electrodes.

() Sire— Supply-Side Bonding Jumper.

for Swpply—Emmductors in a Single Raceway or
"The sapply-side bomdiag gampr sl s be smallr
than specifed in Tab 2(C.

250.102 Grounded Conductor,
Bonding Conductors, and Jumpers

TARLE 250.102(CK 1) Goonded Comiiarion, Main Bowiing Jampes. Sytem: Ronding Jumper: snd
Seqphv-Ske Bonubing Jusmper for Alrns

PRt -

Serwof Largest Lngroanded Consbucior or

omdectar e
AW GAem) Boading Jomper* AWGAcail
Copper
5
H

Oner 35
[ r—T

(2) Size for Parallel €

inTwnor More 112 See Nores | i 2
Raceways oF Cables. Where the ungrounded supply cooductons e
e

pply-sc bouding jumpe s wse o bonding e covays
ar cables, the sire of the yupply-sde bonding Jumpe

sccordance with 250.102(C)11

\ssocmrsb
CONSULTING
SOLUTIONS.

grcemded soppd confurr o s s
mner sk o O TS 30 Pe BT S the B GRS conaar

. e gy oo sz skl e et S s
Sent v of e Airge VS SIS OB TR phyepta

" (e P o Ay s a5 BRAES, (1 Bl e
e o e gy

v Sating pkg-

(B) Other Metal
ing or structure, a

following

electrode is
The bonding

the rating of the

(Referenced by OMC 301

\ssoclA'l‘ED
CONSULTING
SOLUTIONS.

accordance with Table 250,122, and cqui)
ductors shall be sized in accordance with Table 250,122 using

250.104(B) Other Metal Piping

Piping. If installed in or attached 1o a build-
metal piping systemis), including gas piping,

that is likely 1o become energized shall be bonded to any of the

(1) Equipment grounding conductor for the circuit that s likely
to cnergize the piping system

(2) Service equipment enclosure

(3) Grounded conductor at the service

(4) Grounding electrode co

(5) One or more groun

electrode conductor or bonding jumper to the grounding

uctor, if of sufficicnt size
troudes wsed, if the grounding

ng cl

of sufficient size

conductor(s) or jumper(s) shall be sized in

grounding con-

circuit that is likely to encrgize the piping

systemis). The points of attachment of the bonding jumper(s)
shall be accessible

FYI: Specific bonding requirements for gas piping is located in the 2015 IFGC

.6). Note: We will cover “upcoming 2018 IFGC” gas

piping modifications and new arc-resistant CSST requirements.

ASSOCIATI
CONSULTING
SOLUTIONS.

CSST Bonding

»  First - Understand Grounding and Bonding

i %iiima'fr (0 I

FYI: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6).
piping modifications and new arc-resistant CSST requirements.

Note: We will cover “upcoming 2018 IFGC" gas

Shall be of copper, aluminum, copper-
clad aluminum, or other corrosion-
resistant material such as ....wire,
bus, screw.

Attached per 250.8 for circuits and
equipment and 250.70 for grounding
electrodes.

(D) Size — Fquipment Bonding Jumper on Load Side of an
Overerren Dvie. Tie squpmen: b umper o

with 25

A single common conisuvus equipment bonding jumper
shall b permited 10 comnect o or more riceways o cables i
the bonding jumperis sized in accondance with 250,122 for the
largest overcurrens device supplying circuis therein

ASSOCIATED.
ACSER .
SOLUTIONS

250.102 Grounded Conductor,
Bonding Conductors, and Jumpers

TARLE 250.100(CH1) Groded Comdactor, Msin Bemding Jampert Sevtems Ronding Jamper: smd
Supen-Sde By hamper for Albermating-Carmeas Sussems

e of Laryect Ungromded Condctor o
2 g crdctor e
AW Boading Jamper* AWCAcasi)
N or Copper-{lad Aluminum e Copper-Ulad
Copper Namiaur, Copper

Oner 1100

Notex

15 g
s conaaer ¥ ading fnges
[ —————
Pemateng prner sk n S gt 2 b larger v the bt o

UPC® ICC-ES PiHG™

Non-arc-resistant CSST

ASSOCIATS
‘ Scousm:n G
SOLUTIONS

FYI: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping modifications and new arc-resistant CSST requirements.

"Enstiae (E7 il 34 FT ¢ 10.3 M)

Photo courtesy of OmegaFlex

mg electrode.

The intent of 309.1 is to not
intentionally connect buried
metallic piping in earth via a
wire (GEC) to the grounded
service conductor.

.
YI: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas

Electrical Grounding (IFGC 309.1)

309.1 Grounding. Gas piping shall not be used as o ground-

! \ TAREVERSISLE 1AF CONNECTORS

I ]
by < H

DRVEN ROD SHALLBE & FEET IO EARTH (1T 35 M) METAL WATER PIPE AND DRIVENROD A:
GROUNDING ELECTRODE: CONNECTION
TO PIPE SHALL BE WITHIN 5 FEET WHERI
IT ENTERS BUILDING. BONDING SHALL B
INSTALLED ACROSS WATER METERS ANI
ANY OTHER SERVICEABLE PARTS TO
MAINTAIN THE INTEGRITY OF THE
GROUNDING SYSTEM

WOOD FRAME BUILDING WITH (NLT 10° METAL PIPE UNDERGROUND)
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Gas Pipe & Tubing other than CSST (IFGC
310.1)

SECTION 310 (IFGS)
ELECTRICAL BONDING
301 Pipe and iubing other than €8T, Each shove-
ground portion of a gas ystem other than comygated

tive ground-fault current path. Gas piping other than
shall be considorod 1o be bonded where it s conaceted fo an
appliance that is comnected 1 the equipment srounding con-
ductor of the circuit that supplics that appliance.

Schedule 40 Steel Gas Piping System

FYI: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping modifications and new arc-resistant CSST requirements.

ACS

CONSULTING
SOLUTIONS

IFGC 310.2 CSST

(New Requirements)
This section previously applied to ALL CSST products but is now

restricted to only the traditional yellow jacketed CSST product. A new
Section 310.3 was added to address the arc-resistant CSST products.

@Trackpes FGP-SS4-500 “¥I B O.  UPCT ICC-ES PHG™ MBS

B=  UPC® ICC-ES PUG™ &Zodiiiii

Photo courtesy of OmegaFiex

Non-arcresistant CSST
FYI: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping modifications and new arc-resistant CSST requirements.

ACS sol.v'ﬂoNs

PIPE BONDING CLAYE
$10.2 CSST. This section applies to comugaed stainless steel | Usteoror outboor
ST) that is mox fistod with an arc-resistant jacket or o
stem i accoedance with ANSI LC 1/CSA 6.26.
Piping sysicein and piping syt containmg one
o mwore segments of CSST vhall be clectrically contimous
and boaded to the clectical servies groundi
rvided, the lightning protec

ELECTRICAL SERVICE
EQUIPMENT (NDOORS.
OROUTDOORS)

MAN DISCONNECT/
‘OVERCURRENT DEVICE

J— MAIN BONDING JUMPER
BUS BAR

ametallic pipe. pipe fi
crial of jumper. The boning 8AWG OR
e shal e ot il than & AWG copper wire ot
equvalent

310.2.3 Bonding jumper length. The m-m o he boad

sesarctions. Boading comectons dall
¢ in acsondance with NFPA T

31025 Connestion devices. Devices used for muking the
ennling crmersio: sl b S e the syl i
accordance with UL 467.

°
! CSST Bonding [ roomerean
FY!I: Specific bonding requirements for gas piping is located in the 2015 IFGC REBAR CLAMP LISTED FOR
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas CONCRETE ENCASEMENT
piping and new istant CSST requit 95

Gas Pipe & Tubing other than CSST (IFGC
310.1)

310.1 Pipe and tubing other than CSST. Each portion of a gas
piping system other than corrugated stainless steel tubing (CSST) that is likely
to become energized shall be electrically continuous and bonded to an effective
ground-fault current path. Gas piping other than CSST shall be considered to
be bonded where it is connected to an appliance that is connected to the
equipment grounding conductor of the circuit that supplies that appliance.

pisedaiaciil

service
ity

[L_CromoNG cowpueron

Gas Pipe Bonding by Appliance Equipment Grounding Conductor Permitted:
2018 IFGC 310.1 & NEC 250.104(B) Informational Note #2

N o

Gas Piping CSST Bonding (IFGC 310.2)

310.2 CSST. This section applies to corrugated
stainless steel tubing (CSST) that is not listed

with an arc-resistant jacket or coating system
in accordance with ANSI LC 1/CSA 6.26. CSST

gas piping systems and piping systems
containing one

or more segments of CSST shall be electrically
continuous and bonded to the electrical service
grounding electrode system or, where
provided, the lightning protection grounding
electrode system.

. sAnG copeer conpucTor

GAS METER SERVICE GROUNDING
semne——_ | ELECTRODE SYSTEM. SERVICE
E SURE OR

WITHIN THE SERVICE EQUIPMENT

FYI: Specific bonding requirements for gas pipingl|is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping modifications and new arc-resistant CSST requirements.

ACSH

Bonding jumper point of
connection. IFGC 310.2.1

310.2.1 Point of connection. The bonding jumper shall connect to a
metallic pipe, pipe fitting or CSST fitting.

= |

FYI: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping modifications and new arc-resistant CSST requirements.

ACSEEE .
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IFGC 310.2.3 Bonding
Jumper Length

Gas maar
6 AWG bonding
°\c551 conductor

Addtional /
grounding Fumace
electrode

Water
heater

Basement

The addtional grounding elactrode by the.
gas service allows the CSST to ba grounde:
o earth by a very short grounding conductof
and allows the CSST to be bondsd to the
electrical service grounding lectrode

a bonding conductor thatis not
limited to 75 feet in length.

Garage
siab on grade.

Electrial -
senvice grounding—
slecitode

FY!I: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping i { and new istant CSST req 97

IFGC 310.3 ARC-RESISTANT CSST
(New Section)

» Arc-resistant-jacketed CSST shall be considered to be bonded where it is
connected to an appliance that is connected to the appliance grounding
conductor of the circuit that supplies that appliance.

3 Arc-resistant i.\\l This section spybien o cone
£ (CSST) o Hiked wich aa

CSST shall be
10 an apphan a sanccted w the .||v|»luln:
conductor of the circuit that supplics that appliance.

FY!I: Specific bonding requirements for gas piping is located in the 2015 IFGC
(Referenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping i { and new istant CSST req

sl

SOLUTIONS
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250.122 Size of Equipment
Grounding Conductors

(A} General. Copper, sluminam, or copper.clad shuminam
ihe

0 the couipment. Where 3 cable i
armor oc sheath is used as the equipment grounding conductax, ll

Grounded system conductor
routed to service disconnect

a8 povided in 250.1 £ and 250,134 it shallcomply with

‘.m conducto

dhall b pernmiied 10 be

wlticondusior ovided the combined

"
cireaar il res comples wih T

Grounding electrode (system)

ACSEE

SSNtions

IFGC 310.3 ARC-RESISTANT CSST
(New Section)

—~—y

IFGC Section 310.3 was added to
address the arc-resistant CSST
products.

FY!I: Specific bonding requirements for gas piping is located in the 2015 IFGC

(Reierenced by OMC 301.6). Note: We will cover “upcoming 2018 IFGC” gas
piping 1s and new istant CSST

%
ARC-RESISTANT CSST
. i
'CONNECTIONS
<puce
= POINT OF DELIVERY OWer
somuce | IR e
2
SERVICE ——1
ASSEMBLY
B e —
i~ z| 8
gl gl &
5l 3| 8
2| gl g
8l gl 3
gl gl g
g3 ¢
PIEING SySTEM SONDED 3| g 8
T TRICAL SERVIGE B gl g g
MEANS OF APPLIANCE GROUNDING
GONDUGTOR =1 L
FY!I: Specific bonding requirements for gas piping is located in the 2015 IFGC 1
(Referenced by OMC 301.6). Note: We will cover upcommg 2018 IFGC” gas 0
piping i 1s and new tant CSST 0

250.122 Size of Equipment
Grounding Conductors

TABLE 250427 Momam 51 Lo

Condacies

ki Raiay it g

e AWG o ksl

T s s Mo it
in e cpipment. Whe

cable tray, 3 rceway, e a cable
i

[E—
Abead of Equipment. anduit. Copper.Clad
it shall comply with ) o~

hall be permiticd 1o be
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250.122 Size of Equipment
Grounding Conductors

{B) Increased in Size. Where ungrounded conductors are
increased in size from the minimum size that has sufficient
ampacity for the intended installatiom, wirc- i
‘grounding conductors. where installed. shall ased in
size proportionsiely, sccording 10 the circolar il me of the
ungrounded conductors.

A240-V, single-phase, 250-A load is supplied from a 300-A breaker
located in a panelboard 500 ft away. The conductors are 250 kemil copper,
installed in rigid nonmetallic conduit, with a 4 AWG copper

EGC.

If the conductors are increased to 350 kcmil, what is the minimum size
for the EGC based on the proportional-increase requirement?

Solution

Step 1. Calculate the size ratio of the new conductors to the existing
conductors:

Size ratio = 350,000 circular mils /250,000 circular mils = 1.4

Step 2. Calculate the cross-sectional area of the new EGC:

41,740 circular mils x 1.4 = 58,436 circular mils

According to Table 8 of Chapter 9, the size of the existing
grounding conductor, 4 AWG, has a cross-sectional area of 41,740
circular

mils.

Step 3. Determine the size of the new EGC. Again, referring to
Chapter 9,

Table 8, we find that 58,436 circular mils is larger than 3 AWG. The
next

ager size is 66 360 Ci ils which fdsion

250.122(F) EGCs Installed in
Parallel

N (1) Conductor Installations in Raceways, Ausiliary
Gutters, or Cable Tra;

Singie Raceway or Cable Tray. 1f conductors are
n parallel in the same ruceway or cable tray, a single

shall be tted ground-
ing conductor. The wire-ype equipmen! grounding conductor
shall be sized in accordance with 250,122 based on the overcur-
rent protective device for the feeder of branch circuit. Wire-type
equipment grounding conductors installed in cable trays shall

ins

meet the minimun requirements of 392 10(B)( 1 4c). Metal race-
‘ways or auxiliary gutiers in accordance with 2: # or cable
! iplying with 192.60(B) shall be ¢ asthe equip-

ment grounding conductor.

(b) Multiple Raceways. If conductors are installed in parallel in
multiple raceways, wire type equipment grounding conductors,
where used, shall be installed in parallel in each raceway. The
equipment grounding conductor installed in each raceway shall
be sized in compliance with 250.122 based on the overcurrent
protective device for the feeder or branch circuit.

Metal raceways or auxiliary gutters in accordance with 250.118
or cable trays complying with 392.60(B) shall be permitted as the
equipment grounding conductor.

ACSZZTJ?'.:"J;"

250.146 Connecting Receptacle
Grounding Terminal to Box

An equipment bonding jumper shall be used to connect

the grounding terminal of a grounding-type receptacle to a
grounded box unless grounded as in 250.146(A) through (D).
The equipment bonding jumper shall be sized in accordance
with Table 250.122 based on the rating of the overcurrent device
protecting the circuit conductors.

Cor LTING
ACSW":&,Ns

250.122(F) EGCs Installed in
Parallel

» Revision and new text added to clarify how to size and install
equipment grounding conductors when installed in parallel in single
or multiple raceways, multiconductor cable, auxiliary gutter, or cable
tray

Expanded to cover equipment grounding conductors installed as
part of a multiconductor cable as well as when installed in
auxiliary gutters

Previous single, long paragraph has been expanded into two
separate second level subdivisions

> 250.122(F)(1) Conductor Installations in Raceways, Auxiliary Gutters, or
Cable Trays

= 250.122(F)(2) Multiconductor Cables

ASSOCIAT
ACS?.‘:’.WE?:;\

250.122(F) EGCs Installed in
Parallel

N (2) Multiconducior Cables

() 1f multiconductor cables are installed in purallel, the
cquipment prounding conductor(s) in each cable shall be con-
necied in parallel

(b) I multiconductor cabl re installed in parallel in the
same raceway, suxiliary guties, or cable tray, a single cquipment
grounding conductor that is sized in sccordance with 250,123
shall he permitted in combination with the equipmeat grounding
conductors provided within the multiconductor cables and shail
all be connected togethe

(c) Equipment grounding conductors installed in cable trays
shall meet the minimum requirements of 392 10(B)1(c). Cable
trays complying with 392 6(B). metal raceways in sccordance

50115, ar auxiliary gutters, hall be pemtied as the equip-
ment grounding conducior,

(d) Except as provided in (N 2)b) for mceway
ox cable iy ialaions, the cpipment gowoding condiclor
muhiconducior i shall b sed 1 acecndance with

 basod on the overcurent prosective device for the feeder
or branch circuil.

ACSsgm‘nnNs\

250.146 Connecting Receptacle
Grounding Terminal to Box

An equipment bonding jumper shall be used to connect
the grounding terminal of a grounding-type receptacle to a
grounded box unless grounded as in 250.146(A) through (D).
The equipment bonding jumper shall be sized in accordance
with Table 250.122 based on the rating of the overcurrent device
protecting the circuit conductors.

1Arb; s?lfﬂl‘!—!ll"’kd Enl{. ‘Ah-r.-Llh.: box r Tmrﬂ.\] ’m ltrj

the box o contact yoke or device that complies with 2
shall b permitted 10 ground th: receptacke 1 the bos, A
fthe insulstiog wishers shall be recnoved from roceplaches that do
not v contact yoke or device that complies with 250.14648) to
ct metal-s0-metal eomtact. This provision shall not apply
axcles unless the box and cover combing-
di ctory ground y between
the box and the receptacle. A listed exposed work cover shall be
pemmitied o be the grounding and bonding means when (1) the
device i aftached 1o the cover with at keast fwo fasieners that are
; josh g or screw or ot

Aing 2y when th d

o 3 flat non-raised portion of the cover.

ASSOCIATET
ACS?.‘:’.WE?";\
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250.146 Connecting Receptacle
Grounding Terminal to Box

An equipment bonding jumper shall be used to connect

the grounding terminal of a grounding-type receptacle to a
grounded box unless grounded as in 250.146(A) through (D).
The equipment bonding jumper shall be sized in accordance
with Table 250.122 based on the rating of the overcurrent device
protecting the circuit conductors.

(B) Contact Devices or Yokes. Contact devices or yoke
designed and lisied as sell-grounding shall be permitied in cor
nction with the supporting screws 1o establish equipment bonc
|m. between the device yoke and flush-type boxes.

Receptacles designed with a spring-type grounding strap for hold
mounting screw and_establishing the grounding connection so
‘equipment bonding jumper is not required. Such devices are listed ¢
grounding” and are permitted to be used for bonding the flush-n
receptacie to a grounded metal box.

ASSOCIATED
‘ OGN
SOLUTIONS

250.148 Continuity and
Attachment of EGC to Boxes

250,148 Continuity and Attachment of Equipment Ground- > Revision clarified that all equipment

ing Conductors to Boxes. If circuit conductors are spliced grounding conductors associated with any
A A M_Mm!ﬂ\ud e sqigurol Wikiis cx sgiparied and all circuits in the box must be connected
by albox. all g  with together and to the box (not just EGCs of each

sy of those ::n.ml ‘m;du:.um shall be connected within the bo

ortothe bos with deviees suiable for e use insoconlance with. - 25S0CHated circuit)

250.8 and 250.145(A) through (E).

Existing exception gives relief to EGCs of an
isolated ground circuit (isolated ground
receptacle not required to be connected to the
other EGCs or to the box)

Reference to 250.8 (Connection of Grounding
and Bonding Equipment) was also added to this
section to provide guidance on terminating an
EGC or bonding jumper to a metal box or
enclosure

CS -\QSODIA‘I‘ED
CONSULTING
Al SOLUTIONS

Thank you for participating!

To schedule a seminar, webinar, or online course:
www.associatedconsultingsolutions.c

Or call

Associated Consulting Solutions, LLC

216-256-3556

ACSE

250.146 Connecting Receptacle
Grounding Terminal to Box

(D) Isolated Ground Re

reduction of slectrical ao s e
the grounding circuit, a o S oy
e ot S o ol
shall be permitied. The receptac rounding terminal shall be
d o raming conducior run Tt

o camecion oy
g

P
same building or structure directly at an quipm
canductor terminal of the applicable derived systs gt f

this equipmen
pass through boes,
cannected to such cnclosure

Informational Note: Use of an isolated equipment

grounding
conductor does not relieve the requirement for grounding =

the -
raceway system and outlet box. aE

1406.3(D) Isolated Ground Receptacles. Receptacles a 9
i WSRO -
reduction of electrical noise (electromagnetic interference) as

permitied in 250.146(D) shall be identified by an orange \" 1

riangle Ny
located on the face of the receptacle. =
@

ACSE .

o you have
questions?

Now is the time to
ask!

ACSEE
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File Attachments for ltem:

ER-2 2017 NEC Requirements for General and Special Equipment and Special Conditions
(Flanik)

All Certifications (6 hours)
Staff Notes: Recommend approval
ESIAC Recommendation: Recommend approval

Committee Recommendation:
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Board of Building Standards
6606 Tussing Road, P.O. Box 4009

Reynoldsburg, Ohio 43068-9009
(614) 644-2613 Fax: (614) 644-3147
dic. bbs@com state.oh.us
www.com state.oh.us/dic/dicbbs.htm

APPLICATION

Continuing Education COURSE SUBMITTER:
Course Approval Course Submitter: Jerry Flanik

Continuing education programs approved for Organization: Associated Consulting Solutions, LLC
education credit by the Ohio Board of (Organization/Company)
Building Standards may be used for :

. . . N 5 (Include Room Number, Suite, etc.)
compliance with certification requirements City: Mentor State: Ohio Zip: 44060
related to code enforcement, plan review, and
inspection responsibilities. The credit is to be

(Contact Name)

Address: 9671 Oxford Glen Drive

E-Mail: ijerry@associatedconsultingsolutions.com

used to renew the certifications issued by the
; 143 : 216-256-3556 .
Ohio Board of Building Standards pursuant to Telephone: Fax:
section 3781.10(E) ORC. Course Sponsor: Associated Consulting Solutions, LLC

COURSE INFORMATION:

Course Title: 2017 NEC Requirements for General and Special Equipment and Special Conditions

New Course Submittal: . Update Course: r_—l Prior Approval Number:
Purpose and Objective: This 6-hour seminar is designed for online or in-person training that highlights 2017 OBC Requirements,

electric signs, swimming pools, storage batteries, fire pumps, and emergency systems.

Number of Instructional Contact Hours that can be obtained upon completion: 6 hours

If Multi-Session, Number of Instructional Contact Hours Per Session:

Program Applicable for the Following Participants:

Building Official - Master Plans Examiner Building Inspector - Fire Protection Inspector - Mechanical Inspector .
Building Plans Exam. Plumbing Inspector .
Plumbing Plans Exam. Non-Res TU Inspector -

Electrical Plans Exam.
Mechanical Plans Exam.
Fire Protect. Plans Exam.

Res Building Official - Res Plans Examiner - Res Building Inspector . Res Mechanical Inspector - Res IU Inspector -

Electrical Safety Inspectors .

Location of ESI Course: TBD Date(s) of ESI Course(s): TBD

5 e S . 3 . . g . . . Check
SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted Off
Course Submitter: Name of contact person and their certification numbers. organization, address. fax, phone X

Organization sponsoring or requesting the program (if any)
Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed X
Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 hr, 1 hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested (for which course relates to certification) X
Content of Program: Include collated agenda, time schedule, course outline; list specific sections of code, references, and topics covered [ X
Course Materials: Collated workbooks, handouts, hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials:
Completed Application: X
NOTE: The Board does NOT grant retroactive approval for courses presented prior to approval date.
BBS 81028110

Form: 1526
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Associated Consulting Solutions, LL.C

Governmental Solutions, Plan Review Services, Inspection Services, Education & Design Services

2017 NEC Requirements for General &

Special Equipment and Special Conditions
6-Hours of Continuing Education Credit

Course Description: This 6-hour seminar is designed for online or in-person training that
highlights key provisions of the 2017 OBC Electrical Requirements & 2017 NEC

This seminar highlights key provisions of the 2017 NEC Requirements for General & Special
Equipment and Special Conditions. It

This seminar:
» Provides practice in applying key requirements.
» Reinforces learning by supplying immediate feedback and clarification.
» Walks participants through content and intent.

Key topics covered with in-depth discussion:

e 2017 OBC Requirements
e Electric Signs

e Swimming Pools

e Storage Batteries

e Fire Pumps

e Emergency Systems

9671 Oxford Glen Drive, Mentor, OH 44060 * T (216) 256-3556 * W: www.acsadvantages.com
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Course Outline:

1. 2017 0OBC-CHAPTER1

OBC Section 105.1 Approvals Required

OBC Section 102.10 Work Exempt From Approval

OBC Section 102.10.1 Emergency Repairs

OBC Section 102.10.2 Minor Repairs

OBC Section 106.1.1 Information on Construction Documents

YVVYYVYYVY

2. 2017 OBC —CHAPTER 27

OBC Section 2701.1 Scope

OBC Section 2701.2 Appliance and Fixture Listing
OBC Section 2702 Emergency and Standby Power Systems
OBC Section 2702.1 Installation

OBC Section 2702.2 Where Required

OBC Section 2702.3 Critical Circuits

OBC Section 2702.4 Maintenance

OBC Section 2703.1 Penetrations

OBC Section 2703.2 Cutting, Notching, and Boring
OBC Section 2704 Smoke Detection

OBC Section 2704.1 Smoke Alarm Circuits

VVVVYVYVVYVYYVYYVYYVY

3. 2017 NEC 5 New Articles

Article 425 — Fixed Resistance & Electrode Industrial Process Htg. Equipment
Article 691 — Large Scale PV Production Facility

Article 706 — Energy Storage Systems

Article 710 — Stand Alone Systems

Article 712 — DC Micro Grids

YVVYY

4. Article 600 Electric Signs and Outline Lighting250 Grounding and Bonding

600.2 Definitions

600.4 Markings

600.5 Branch Circuits

600.6 Disconnects

600.33 Class 2 Sign lllumination Systems, Secondary Wiring
600.34 Photovoltaic (PV) Powered Sign

VVVVVYY

9671 Oxford Glen Drive, Mentor, OH 44060 * T: (216) 256-3556 * W: www.acsadvantages.com
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5. Article 680 Swimming Pools, Fountains, and Similar Installations 230 Services

VVVVVVVVVVYVY VVVVVVVVVVVVVVVYVYY

680.1 Scope

680.2 Definitions

680.5 Ground-Fault Circuit Interrupters

680.7 Grounding and Bonding Terminals

680.9 Overhead Conductor Clearances

Table 680.9(A) Overhead Conductor Clearances
680.13 Maintenance Disconnecting Means
680.14 Corrosive Environment

680.21 Motors

680.21(A)(1) General

680.21(A)(2) Flexible Connections

680.21(A)(3) Cord-and-Plug Connections

680.22 Lighting, Receptacles, and Equipment
680.22(B) Luminaires, Lighting Outlets, and Ceiling-Suspended (Paddle) Fans
680.22(B)(6) Low-Voltage Luminaires
680.23(A)(2) Transformers and Power Supplies
680.22(7) Low-Voltage Gas-Fired Luminaires, Decorative Fireplaces, Fire
Pits, and Similar Equipment

680.23 Underwater Luminaires

680.23(B) Wet-Niche Luminaires

680.25 Feeders

680.26 Equipotential Bonding

680.26(B)(1) Conductive Pool Shells
680.26(B)(2) Perimeter Surfaces

680.26(B)(4) Underwater Lighting

680.26(B)(5) Metal Fittings

680.26(B)(6) Bonding of Electrical Equipment
680.26(B)(7) Fixed Metal Parts

680.28 Gas-Fired Water Heater

6. Article 480 Storage Batteries

YVVVYVYVYYVYYVY

480.1 Scope

480.3 Equipment

480.4 Battery and Cell Terminations

480.6 Overcurrent Protection for Prime Movers
480.7 DC Disconnect Methods

480.10 Battery Locations

480.10(E) Egress

9671 Oxford Glen Drive, Mentor, OH 44060 * T: (216) 256-3556 * W: www.acsadvantages.com
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7. Article 695 Fire Pumps

695.1 Scope

695.3 Power Source(s) for Electric Motor-Driven Fire Pumps

695.3(B) Connection Through Disconnecting Means and Overcurrent Device
695.5 Transformers

695.6 Power Wiring

695.7 Voltage Drop

695.10 Listed Equipment

695.14 Control Wiring

695.14(E) Electric Fire Pump Control Wiring Methods

695.15 Surge Protection

VVVVVVVVVY

8. Article 700 Emergency Systems

700.3 Tests and Maintenance

700.4 Emergency Systems Capacity
700.5 Transfer Equipment

700.7 Signs

700.10 Wiring, Emergency System
700.12(B)(6) Outdoor Generator Sets

VVVVVYY
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2017 NEC Requirements for General & Special
Equipment and Special Conditions

Based on the 2017 National Electrical Code (NEC)

NFPA70

Meet the Instructor NN S

Gerald C. Flanik is an ICC-Certified Master Code Professional (MCP), and holds over 40 vatious licenses
and certifications. He is also a LEED BD+C Accredited Professional, Certified Floodplain Manager (CFM).

= Mr. Flanik is President of Associated Consulting Solutions, LLC (ACS) in Cleveland, Ohio. ACS provides
plan review services, pre and post design analysis services for architectural and engineering firms, and
code consulting services throughout the United States. ACS is also an ICC Preferred Education Provider,
providing education throughout the United States. Previously, Gerald served as the Chief Building Official
for Lake County, Ohio for 16 years. Prior to working as a code official, he owned and operated a design
build contracting company.

Gerald holds a Bachelor of Science Degree in Mechanical Engineering and a Bachelor of Science Degree
in Electrical Engineering from Cleveland State University; as well as, a degree in Civil Engineering
Technology. He is also an adjunct faculty instructor at Lakeland College in the Civil and Electrical
Engineering Departments.

= Jerry is a professional consultant for corporations and government agencies throughout the United States,
and for the International Code Council throughout the world.

~—— [« i ions, LLC
soc ssociatedconsultingsolutions.com
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Description

This seminar highlights key provisions of the 2017
NEC Requirements for General & Special
Equipment and Special Conditions.

This seminar:
» Provides practice in applying key requirements.

» Reinforces learning by supplying immediate
feedback and clarification.

» Walks participants through content and intent.

T

ACSE
CONSULTING
SOLUTIONS

Welcome

» Meet the instructor
» Participant introductions

ACSER .

2017 NEC Requirements for General &
Special Equipment and Special Conditions

Key topics covered with in-depth discussion:

2017 OBC Requirements
Electric Signs

Swimming Pools
Storage Batteries

Fire Pumps

Emergency Systems

ACSE .

OBC Chapter 1

» This chapter is largely concerned with maintaining
“due process of law” in enforcing the performance
criteria contained in the body of the code.

» Chapter 1 is geared toward code officials, design
professionals, contractors and building owners.
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OBC Section 105.1

105.1 Approvals Required

Any owner or owner's representative who intends to construct,
enlarge, alter, repair, move, or change the occupancy of a building
or structure, or portion thereof, or to erect, install, enlarge, alter,
repair, remove, convert or replace any electrical, gas, mechanical,
plumbing system, other building service equipment, or piping
system the installation of which is regulated by this code, or to
cause any such work to be done, shall first make application to
the building official and obtain the required approval.

However, OBC 102.10 contains additional information

OBC Section 102.10.1

102.10.1 Emergency Repairs

Where equipment replacements and repairs must be
performed in an emergency situation, an application for
approval shall be submitted within the next working
business day to the building official.

Provide some examples of electrical emergency
situations???

OBC Section 106.1.1

106.1.1 Information on Construction Documents

Construction documents shall be dimensioned and drawn upon suitable
material. Electronic media documents are permitted to be submitted when
approved by the building official. Construction documents shall be
coordinated and of sufficient clarity to indicate the location, nature and extent
of the work proposed and show in detail that it will conform to the provisions
of this code. Construction documents, adequate for the scope of the project,
shall include information necessary to determine compliance with the
building, mechanical, plumbing, fire, electrical, energy, and fuel gas codes
such as:
Item #15: System ipti Complete description of the plumbing, mechanical
and electrical systems, including: materials, insulation "R"-values, general routing
and sizes of all piping; location and type of plumbing fixtures and equipment;
plumbing schematics and isometrics; materials, insulation "R"-values, general
routing and sizes of all ductwork, vents, and louvers; location and type of heating,
ventilation, air conditioning, and other mechanical equipment; location and type of
all fire alarm, lighting and power equipment; type and size of all electrical
conductors.

ACSHsiE
SONHONS

OBC Section 102.10

102.10 Work Exempt From Approval

Approval shall not be required for the following work; however, this work
shall comply with all applicable provisions of the rules of the board:

Electrical:

1. Minor repair work, including the replacement of lamps or the connection of approved portable
electrical equipment to approved permanently installed receptacles.

2. Electrical equipment used for radio and television transmissions except equipment and wiring
for power supply, and the installations of towers and antennas.

3. The installation of any temporary system required for the testing or servicing of electrical
equipment or apparatus.

4. Electrical wiring, devices, appliances, apparatus or equipment operating at less than twenty-
five volts and not capable of supplying more than fifty watts of energy, unless specifically
addressed in this code.

5. Process equipment and the associated wiring on the load side of the power disconnect to the
equipment.

6. Electrical wiring equipment not connected to building services equipment in and adjacent to

natural or artificially made bodies of water as defined in Article 682 of NFPA 70 as referenced

in Chapter 35.

ACSEE .

OBC Section 102.10.2

102.10.2 Minor Repairs

Minor repairs to structures may be made without application or notice to
the building official. Such repairs shall not include the cutting away of
any wall, partition or portion thereof, the removal or cutting of any
structural beam or load bearing support, or the removal or change of any
required means of egress, or rearrangement of parts of a structure
affecting the egress requirements; nor shall minor repairs include
addition to, alteration of, replacement or relocation of any standpipe,
water supply, sewer, drainage, drain leader, gas, soil, waste, vent or
similar piping, electric wiring or mechanical or other work affecting public
health or general safety.

Provide some examples of minor repairs???

OBC Section 106.1.1

106.1.1 Information on Construction Documents

Construction documents shall be dimensioned and drawn upon suitable
material. Electronic media documents are permitted to be submitted when
approved by the building official. Construction documents shall be
coordinated and of sufficient clarity to indicate the location, nature and extent
of the work proposed and show in detail that it will conform to the provisions
of this code. Construction documents, adequate for the scope of the project,
shall include information necessary to determine compliance with the
building, mechanical, plumbing, fire, electrical, energy, and fuel gas codes

such as:
Item #15: System descriptions. Complete description of the plumbing, mechanical
and electrical systems, including: materials, insulation "R"-values, general routing
and sizes of all piping; location and type of plumbing fixtures and equipment;
plumbing schematics and isometrics; materials, insulation "R"-values, general
routing and sizes of all ductwork, vents, and louvers; location and type of heating,

ventilation, air conditioning, and other i i location and type of
all fire alarm, lighting and power equipment; type and size of all electrical
conductors.
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OBC Section 106.1.1

What type of electrical constiuction documents
would you expect ta see regarding a new office
building for review and approval?

OBC Chapter 27

2701.1 Scope

This chapter governs the electrical components, equipment and systems
used in buildings and structures covered by this code. Electrical components,
equipment, and systems shall be designed and constructed in accordance
with the provisions of NFPA 70.

2701.2 Appliance and Fixture Listing

Electrical appliances and fixtures within the scope of this code shall be tested
and listed in published reports of inspected electrical equipment by an
approved agency and installed in accordance with all instructions included as
part of such listing.

OBC Chapter 27

Section 2702 Emergency and Standby
Power Systems

2702.1 Installation
Emergency power systems and standby power systems
shall comply with Sections 2702.1.1 through 2702.1.7.

2702.2 Where Required
Emergency and standby power systems shall be provided
where required by Sections 2702.2.1 through 2702.2.16.

2702.3 Critical Circuits

Cables used for survivability of required critical circuits shall
be listed in accordance with UL 2196. Electrical circuit
protective systems shall be installed in accordance with their
listing requirements.

2702.4 Maintenance

Emergency and standby power systems shall be maintained
and tested in accordance with Sections 604.4 to 604.5 of the
fire code.

e
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Why do we need codes and
standards?

IKEA Rooftop PV Install (lllinois)
4,784 Panels

-

&

1.124 MW System

>3 - - y W
Bolingbrook (05.12.2018) No Injuries Reported

OBC Chapter 27

Section 2703 Penetrations

2703.1 Penetrations

Penetrations of walls, floors, ceilings and assemblies required to have a fire-resistance
rating, shall be protected in accordance with Chapter 7. Where cables, conductors and
raceways penetrate fireblocking or draftstopping, such penetrations shall be protected by
filling the annular space with an approved fireblocking material.

2703.2 Cutting, Notching, and Boring

The cutting, notching and boring of wood and steel framing members, structural members
and engineered wood products shall be in accordance with this code and as prescribed by
the registered design professional.

Section 2704 Smoke Detection

2704.1 Smoke Alarm Circuits

Smoke detectors required by this code and installed within dwelling units shall not be
connected as the only load on a branch circuit. Such detectors shall be supplied by
branch circuits having lighting loads consisting of lighting outlets in habitable spaces

AR

ACS —

Lake County; Fair Painesville, Ohio

Bumper Car Ride - Electrocution

08.12.2003

» Boy 8 Years old

» 22 Safety Violations

» Grounding & Bonding
» 2 Mil. Settlement
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11.15.2017 Tree trimmer fatality
in Akron, Ohio

Electrocution:
23kv Line
bucket lift
accident; 1 died,
1 in serious
condition

Update:
2 deaths

“5” New 2017 NEC Articles

Article 425 - Fixed Resistance & Electrode
Industrial Process Htg. Equipment

Article 691 — Large Scale PV Production Facility
Article 706 — Energy Storage Systems
Article 710 — Stand Alone Systems

Article 712 — DC Micro Grids

ACSEE

2017 NEC “Features”

The 2017 NEC edition includes the following
usability features as aids to the user. Changes
other than editorial are indicated with gray shading
within sections. An entire figure caption with gray
shading indicates a change to an existing figure.
New sections, tables, and figures are indicated by a
bold, italic N in a gray box to the left of the new
material. An N next to an Article title indicates that
the entire Article is new.

600.2 Definitions

LED Sign I'Ilummnlm System. A

Neon Tubing. Elecir
cold cathode luminous luhm{. that is

N ic (PY) Sign. A complete sign by
oxigumest and subassemblic s fox
"

stand-alone, on-grid interactiv

CS -\SSOUIA‘I‘ED
Al SSNtioNs

Article 600 Electric Signs
and Outline Lighting

ASSOCIATED,
CONSUITING
SOLUTIONS.

EXAN,
O

@ New Definition: Photovoltaic
(PV) Powered Sign

N Photovoliaic (PV) Powered Sign. A complete sign powered by
wL]rvncrgv consisting of all components and subassemblies for
ion either as an off-grid stand-alone, on-grid interactive,

of non-gnid interactive system.
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Markings & Branch Circuits

4 Markings

(A) Signs and Outline Lighting Systems, Signs and outline
Tighting systers shall be isted: marked with the munufacturer's
ame. tradeimiek, of other means of dentification; and input
voltage and current rating

#00.5 Rranch Circuits,

A K incu g and
each commercial oceupancy aceessible 1o pedestrians shall be
provided with i least on in s sccessible location at each

ipace for sign or. ghting

wse. The outlet(s) shall be supplied by 4 branch circuit rated st
lesst 20 amperes. that supplis no other lowd. Service hallways
or corridors shall not be considered accessible o pedestrians.

(B Rating. Branch circits that supply signs shall be ratcl in
accordance with 600 SRK 1) or (BX2) and shull be considerssd
t0 be continuous loads for the parposes of calculations.

1) Nean Signs. Branchcircuits tht supply ncoa tubing instal-
latioas shall nos be rated in excess of 30 amperes.

12) AN Other Signs. Branch circuits that supply all other
signs and outline lighting systems shall be rated 0ot to execed

20 amperes, Marking???... Branch Circuit??7?...
Wiring Method???...Cord & Plug???

CS Associten.
A CONSUL
SONHoNs

600.6 Disconnects

600.6 Disconuects. Each sign and outline lighting system,

(wou:l\ on multi-
Sigas and outline Tigh

Ex A discannecting means shall not be required
Jor cot it divucticanal ignt iociaied within a bullding,

Exception No. 2.
Jor cond-connee

A discannecting means shall not be required

d signs with an attachoer plag.

(A} Location. The disconnecting means shall be pe
be Tocated in ccordance with 600 6CAX 1), (AX2), and (A)3):
11 ArT

int of Eniry mm The disconnset shall be located
‘or branch circuit(s) supplying a sizn
i body

n accondance with 610 S(CK3), The disconneet shall
open all ungronnded conductors where it enters the enclosure
of the ign or pole.

The location of the disconnect is intended
to allow service or maintenance personnel

See Exceptions

600.6 Disconnects

scation vivi
Vel shall sormply with 110 21(1)

e Contratler. The following shall apply
hting systems operated by clec
roliors located external to the sign

() The

12) The disconnecting means shall di
Tine lighting sysiem and the contr

supply cond

(3 The disconnes:
pole can be op
in sccordance with 110,25

ke

Exception: Where the disconnecting means is not loceted
within sight of the controller, o prermanent field-applied mark-
onstecting means shall be
a lucation visible during srvicing.

The warning luhet shall comply with 1 10.21(8),

ASS socm'm
CONSULTING
SOLUTIONS.

complete and local control of the
disconnecting means.

ACSHE .

600.33 Class 2 Sign lllumination
Systems, Secondary Wiring

Reference to Part Ill of Article 725 (Class 2 and Class 3 Circuits) has been removed and
replaced with proper Article 600 references [600.12(C), 600.24, and 600.33(A), (B), (C),
and (D)]

For sizing of Class 2 conductors for secondary wiring of sign illumination systems, the
minimum size conductor is not to be sized smaller than 18 AWG (rather than 22 AWG)

Typically, Class 2 conductors referred to in UL product standards relating to secondary
wiring for signs and outline lighting all refer to 18 AWG as the minimum size

\ssocmsb
CONSULTING
SOLUTIONS.

600.33 Class 2 Sign lllumination
Systems, Secondary Wiring

60033 Class 2 Sign My Systems, Secondary Wiring,
The wiring methods and materials used shall be in accordance
with the sign manufacturer's installation instructions using any
applicable wiring methods from Chapter 3. Wiring Methods, ¥ TARLE @LLAKN Ayl

Limited Cable n Sty i Ot Ligeing

and the requirements for Class 2 circuits contained in 6001 2(C),

Lacstin 02 00 0K R O 0P R
600.24, and 600.33(A), (B), (C), and (D).

poomkiby T Y ¥ Yy
s

(A} Insulation and Sizing of Class 2 Conductors. Class 2 cable Y Y or vy v %

listed for the application that complies with Table 600.33(A )1}
or Tble 600.33(AX2) forsubstituions shll be instlled on the

KON K N Y Y N
Y
load side of the Class 2 power source, Th hall ha

N N K N K N

an ampacity not less than the load to be. .~uppl|:d and shall not !
be sized smaller than 18 AWG.

[

o

N L Ch 1.0 O, (M L

NP L% CLTQL (L CLALOUG (UL ATE 1)
(O CL3, CMIL (18 CMG. CML PLTC, €13 CMX

L LT O L L 0 O . L

ACSEE

600.34 Photovoltaic (PV) Powered
Sign

N 600.34 Photoyoltaic (PV) Pa All field wiring of
components and subassemblies for an off-grid stand-alone. on-
grid interactive, or non-grid interactive PV installation shall be
installed in accordance with Article 690, as applicable, 600,34,
and the PY powered sign installation insiructions,

(A} Equipment. Inverters, motor generators, PV modules, PV
panels, ac PV modules, dc combiners, de-uc conveners, and
charge contrallers intended for use in PV

hall he listed for PV upglication
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600.34 Photovoltaic (PV) Powered
Sign

() Wiring, Wiring froma photosaltaic panel or wiring extemal
10 the PV sign body shall be:

(1) Listed, labeled, and suitable for photovohtaic applications

(2) Rowted 1 elosely follow the sign body or enclosure

(3) As shortax possible and sceured at intervals not excecding

0.1 m (3

() Protected where subject 1o physical damage
1€y Flexible Cords and Cables. Flexible cords and cables shall
camply with Article 400 and be identificd as extra hard usage,
rated for outdoar use, and water and sunfight resistant

(D) Grow
with Article

2. Grounding u p\« pnwemd sign shall camply
600, Past V and 607

{E) Disconnecting Means. The disconnecting means for a PV
powered sign shall comply with Article 90, Par 11T and 60,6,

(F) Ba

ry Compartments. Battcry compariments shall

require a tool 1o open.

Recall “New Definition”

A Photavaltaic (7Y ) Powered Sizn. A complte sizn powerod by
s

nstallation cither as an off-grid stand-slonc, an-grid interactive,
or non-grid infcractive sysicm.

CS usoclxm)
/i L SOnHoNs

Article 680 Swimming Pools,
Fountains,
and Similar Installations

ASSOCI
CONSUL
iy

680.1 Scope

The provisions of this article apply to the construction and installation of electrical wiring
for, and equipment in or adjacent to, all swimming, wading, therapeutic, and decorative
pools; fountains; hot tubs; spas; and hydromassage bathtubs, whether permanently
installed or storable, and to metallic auxiliary equipment, such as pumps, filters, and
similar equipment. The term body of water used throughout Part | applies to all bodies of
water covered in this scope unless otherwise amended.

The installations covered by this article can be indoors or outdoors, permanent or
storable, and may or may not be directly supplied by electrical circuits of any
nature. This article also applies to pools used in religious services where
participants are immersed in water.

“socum
CONSULTING
SOLUTIONS.

680.2 Definitions

Cord-and-Plug-Connected Lighting Assembly. A lighting
assembly consisting of  luminaire inlended for installation in
the wall oF  spa, hot tub, or storable pool, and s cond-und-plig-

connecied imnsformer.

Dry-Niche Luminaire. A luminaire intended for installation
in the floor or wall of a pool, spa, or fountain in 3 niche that is

scaled against the entry of water.

N Electrically Powered Pool Lift. An electrically powered lift
that provides accessibility (0 and from a pool or spa for people

with disabilities.

Fixed (as applied to equipmen
or otherwise sccured at a speci

¢ location.

Forming Shell. A structure designed 10 support 1 wet-niche
luminaire assembly and intended for mounting in a pool or foun-

tain structure.

Equipment that is fastened

680.2 Definitions

Low Voltage Contact Limit. A voltage not exceeding the fol-
lowing values:
(1) 15 volts (RMS) for sinusoidal ac
21.2 vohts peak for nonsinusoidal ac
(3) 30 volts for continuous de
(4) 12.4 volis peak for dc that is imterrupted at a rate of 10 ©
200 Hz

The low voltage contact limits are based on the wet contact limits
ecified

in Tables 11(A) and 11(B) in Chapter 9. Before 2008, the use of isolated

winding—type transformers that provided a sinusidal ac voltage

not exceeding 15 volts was used as the “low-voltage” operational

threshold

for underwater luminaires. The 15-volt limit in Article 680 was based

on a transformer- 1ype power supply. Any luminaire operahng atmore

15

upplies
ather than the traditonal solted winding-type transformer, and this
definition and associated requirements in Article 680 ensure that those
power supplies can be safely integrated into the swimming pool
environment.

usoclxn-:n
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680.2 Definitions

Permanently Installed

Pherapentic Poals. Those
, and all

depi grestos than 101 (42 ., wd all poos instalied e

of a huilding, regs ater depth, whether or not served

ming. Wading, lmmersion, and

Poriable Spas a
sion peols tha are intended to be stored whea
strucied on or above the gronad and are r.np:hk of hokiing

Hot Tubx. Smmml wndm' or immer-

water 10 a maximum depth of 1.0 m (4
hot tub constructed
malded palymeric walls or inflatshie fabric wall
dimensio.

), or a pool, spa, or
with nonmetal

egardless of

Equipment and products shall be listed.

80,4 Approval of Equipment. All clectrical equipment
installed in the water, wall, or decks of pools. fountains, and
similar installations shall comply with the provisions of this
acticle. Equipment snd products shall be listed
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680.5 Ground-Fault Circuit
Interrupters

Ground-fault circuit interrupters (GFCls) shall be self-contained units, circuit
breaker or receptacle types, or other listed types.

ACSHl
SOLUT!ONS

680.7 Grounding and Bonding
Terminals

N 680.7 Grounding and Bonding Terminals. Grounding and
bonding terminals shall be identified for use in wet and corrosive
environments. Field-installed grounding and bonding connec-
tions in a damp, wet, or corrosive environment shall be composed
of copper, copper alloy, or stainless steel. They shall be listed
for direct burial use.

ACSERE

680.9 Overhead Conductor
Clearances

6809 Overhead Conductor Clearances. Overhead conductors

(B) Communications Systems. Communications, radio, and

shall meet the elearance requirement Where & cievivion consial cables within the scopeof Artisles 500 through
minimum clearance from the water level is given, the measure- 20 shall b permitied ot 2 Reight of not les than 3.0 m (10 f)
ment shall be taken from the maximum water level of the speci- ading pools. di and ohser-
fied body of water. vation stands, towers, or platforms.
" . ©) Network-Powered Broadband € ns

(A) Power. With respect to service-drop conductors, overhead (<), Norwork-bowered Broadband Communications Sye
service conductors, and open overhead wiring. swimming pool  bygdband communications systems conductors from puols ar
and similar installations shall comply with the minimum clear-  fountains shall comply with the provisians in Table 650 01 A1 for
ances given in Tahle 630.0(A) and illustrated in Figure 680.0(A).  conductors operating at 0 1o 750 velts to ground.

ACS%E.‘

(RS,

Table 680.9(A) Overhead
Conductor Clearances

TABLE 680.9(A) Overhed Conductor Clearances

Tnsulated Cables, 8750
Vil oy

Cabed Together with a
Solidty Grownded Rare

Mesiager ar Sabilly All Other Conducturs Voltage to Ground

Groinded Netral
Canductor 0 through 15 kY Over 15 throigh S0 kY
Cleatance Paramwters ) n ™ n ) n
& o s 5] 23 13 ] 1o n
o the water evel, e
of waler surace. base
of diving platform, ot
pemmanctly anchored ral
B Cleamaoce i any direction ] 5] 5] ] 5 0]
10 the obsersation siasd.
hrwer, o diving piatfonn
€ Horizonal it of Thi ot i o o g of e s i A s B o i ot e
cleanse mezswed from  than 3m 100

inside wal o the pool

680.13 Maintenance Disconnecting
Means

6813 Maintenance Disconnecting Means. One or more
isconnect all

ol be provided for all utilization equipment other than lighting

Esch means shallbe resdly accessible and withn sight from 15

from the inside walls of a pool, spa, lunnum ac bt tub unless

sepurated from the open water by a g
that provides a 1.5 m (5 fi) reach path or greater. This horizontal
distance shall be measured from the water's edge along the short-.
est path required to reach the discaancet

assocvm.b
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ORFAMe,

Readily accessible and within
sight from equipment

ASSOCIATH
ACSEES
SOLUTIONS
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OREKAMe,

Readily accessible and within
sight from equipment

ASSOCIATED.
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SOLUTIONS.

ACS

680.14 Corrosive Environment

N680.14 Corrusive Environment.
A} General. Areas where pool sanitation chemicals are stored,
as well as areas with circulation pumps. awtomatic chlorinators,
filters, open areas under decks adjacent 1o or abutting the pool
structure, and similar locations shall be considered to be a cor-
rosive environment. The air in such areas shall be considered to
e laden with acid, chlorine, and bromine vapors, or any com-
‘bination of acid, chlorine, or bromine vapors, and any liquids or
‘condensation in those areas shall be considered to be laden with
acids, chlorine, and bromine vapors, or any combination of acid, |1
chiorine, or bromine vapors. i

{B) Wiring Methods. Wiring methods in the areas described |4
in 6840, 14(A) shall be listed and identificd for use in such arcas.
Rigid metal conduit, intermediate metal conduit, rigid polyvinyl
chloride conduit, and reinforced thermosetting resin conduit
shall be considered to be resistant to the corrosive environment
specified in 680.14(A)

AS \TED.
T

680.21 Motors

(A) Wiring Methods. The wiring to a pool motor shall comply with (A)(1) unless
modified for specific circumstances by (A)(2), (A)(3), (A)(4), or (A)(5).

680.21(A)(1) General. Wiring methods installed in the corrosive environment
described in 680.14 shall comply with 680.14(B) or shall be type MC cable listed
for that location. Wiring methods installed in these locations shall contain an
insulated copper equipment

grounding conductor sized in accordance with Table 250.122 but not smaller than
12 AWG.

Where installed in noncorrosive environments, branch circuits shall comply with

the general requirements in Chapter 3.
680.21(A)(2) Flexible Connections. Where

necessary to employ flexible connections at or
adjacent to the motor, liquid tight flexible metal or
liquid tight flexible nonmetallic conduit with listed
fittings shall be permitted.

e

ASSOCIAT
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680.21 Motors

(A) Wiring Methods. The wiring to a pool motor shall comply with (A)(1) unless
modified for specific circumstances by (A)(2), (A)(3), (A)(4), or (A)(5).

680.21(A)(3) Cord-and-Plug Connections. Pool-associated motors shall be
permitted to employ cord-and-plug connections. The flexible cord shall not exceed
900 mm (3 ft) in length. The flexible cord shall include a copper equipment
grounding conductor sized in

accordance with 250.122 but not smaller than 12 AWG. The cord shall terminate
in a grounding-type attachment p

Note: Referencing 680.21(B) Double
Insulated Pool Pumps. The internal
metal parts of a swimming pool pump
incorporating a system of double
insulation are grounded; however, they
are not required to be incorporated
into the bonding system required by
680.26(B), because bonding
compromises the double insulation
system.

680.21 Motors

680.21(C) GFCI Protection. Outlets supplying pool pump motors connected to
single-phase, 120-volt through 240-volt branch circuits, whether by receptacle or
by direct connection, shall be provided with ground-fault circuit-interrupter
protection for personnel.

CS ASSOCIATE
A CONSULTING
SOLUTIONS.

680.22 Lighting, Receptacles, and
Equipment

(A} Receplaches.

(1) Required Receptacle, Location. Where a permancatly
installed pool is installed. no fewer than onc 12 15- or
20-ampere receptacle on & general-purpose branch circuit shall
be focated not less than 183 m (6 ) from, and ot more than

6.0 m (20 1) from, the inside wall of the pool. This receptacke
shall be located not more than 2.0 m (6 fi 6 in.) above the floor, /
platform. or grade level serving the pool
(21 Cirewlation and Sanitation System, Location, Recep-
tacles that provide power for water-pump motors or for other
losds dircctly related to the circulation and sanitation system
shall be located at Jeast 183 m (6 10 from the inside walls of
the pool, These receptacles shall have GICI protection and be
of the grounding type. Single GFCI protected Required GFCI
i recep. for pump motor protected receptacle

Inground Pool
g 6ft. 206 .
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680.22(B) Luminaires, Lighting Outlets,
and Ceiling-Suspended (Paddle) Fans

(1) New Outdoor Installation Clearances. In outdoor pool
areas, luminaires, lighting outlets, and ceiling-suspended
(paddle)

fans installed above the pool or the area extending 1.5 m
(5 ft) horizontally from the inside walls of the pool shall be
installed at a height not less than 3.7 m (12 ft) above the
maximum

Fori { in indoor pool
areas, the clearances shall be the same as for outdoor
areas unless modified as provided in this paragraph. If the
branch circuit supplying the equipment is protected by a
ground-fault circuit interrupter, the following equipment shall
be permitted at a height not less than 2.3 m (7 ft 6 in.)
above the maximum pool water level:

(1) Totally enclosed luminaires
(2) Ceiling-suspended (paddle) fans identified for use beneath
ceiling structures such as provided on porches or patios

a CS \ssocu\'rm
SOnTIoRs

& Luminaires. lighting ousiets. and ceding
suspendod (poddie} fans perrutied

@ Lurnares. lightng outiet o

susponded (paddie) fans not xmlml(sd
o 12 .

© Evisting luminaires and lghiing outets
permitted in the space d ngwdly attached
1o existing structure (GFCI required).

@ Luminaires and ghting outlets permitied
I protected by a GFCI.

B L d

@

pormitted

it gl attached

® Listod low-voltage luminaires, kaied lov
vokage gan-hred-lummnanes, decoratve
firsplaces, firs pits, and similar equipment
ot raquiring grounding and not excesding
the low-voltags contaat i, powsied by
supplies in accordance with 880 23AN2)

e 0h

Luminaires, Ightng cutiets, and coding:
suspended (paddie) fans permitted

Totally enclosed uminaites protscted by
& GFC and caling suspendad (paddle)
fars protected by a GFCI permitied
above 7172 ft
€ Lumnaires, Iighiing outiets, and ceding:
uspendod (poddle} fans ot permitted
ow § .
Exintng luminaires and lightng outiets
el n s soacn  HORty atncied
ture (GFCI required)
v e icking cubetn permited
i rotucted by 8 GFCI
() Luminaires and mnw outlets permited
il el attached
@ Lot wos not
[ — ot exceeding
> the low-voltage contact imit, powared b

Bupplien in accordance wi

680.22(B)(6) Low-Voltage
Luminaires

Listed low-voltage luminaires not requiring grounding, not exceeding the
low-voltage contact limit, and supplied by listed transformers or power
supplies that comply with 680.23(A)(2) shall be permitted to be located less
than 1.5 m (5 ft) from the inside walls of the pool.

CS \ssom'rm
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680.22(7) Low-Voltage Gas-Fired Luminaires,
Decorative Fireplaces, Fire Pits, and Similar
Equipment

71 Lw-Yoltags GasFired Luminaires, Decorative Fire-
aces, Fire Pits, and Similar Equipment. Listed |
suvfired-lamingies, decorative fireplaces, e pit. and sl

ing. 3 a: supplicd by lisked transfoemers or paer supplics
tht coamply with 65023 AX ) with s hat do ot cxceed
the lom-volage: contac fmie shal be pemited t0 be Jocaed
fes than 1.5 m €5 ft rom the inide wallsof the pool. Metallic

A

in 51 2603, Transformersorpower supplies sopplying tis type
of equipment tull e nstalled in aceordance with the require
meats in 650 24. Metalic gas piging shall b honded in ascur-
dance with the regquirmcnts in 250 (M) and 680264 AT

Low voltage systems can ignite a gas powered decorative fireplace just as easily as a 120-volt branch circuit can. It's becoming
quite common to see gas-fired luminaires, decorative fireplaces, fire pits, and similar equipment that only requires a low voltage
supply to ignite the burners.

The new code language permits the low voltage equipment mentioned above to be located closer than 5 feet from the inside walls
of the pool as long s the following conditions are met:

The equipment s listed.

The equipment does not require grounding as part of the listing.

The equipment is supplied from a listed power supply that complies with 680.23(A)(2) with an output that does not exceed the low-
voltage contact limit (specified in 680.2).

\ssom'rsb
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680.23(A)(2) Transformers and
Power Supplies

(2) Transformers and Power Supplies. Transiormers snd
power supplics psed for the supply of underwater fuminaires,
together with the transformer of powee supply eaclosure, shall
histed, labeled, and identified for cwimming pool and spa
use. The transformer of power supply shall incorporate cither
runsfommer of the salaed winding (ype. with an ugrounded
barnier b
an sccondasy winlings, o one that incorporates an appecved
system of double insulation between the primary and sccoadary
windings.

Cs.\ssoomxn
A CONSULTING
SOLUTIONS

680.23 Underwater Luminaires

This section covers all luminaires installed below the maximum
water level of the pool.

(3) GFCI Protection, Lamping, Relamping, and Servicing

i protection for hall be
installed in the branch circuit supplying luminaires operting at
voltages greater than the low-voltage contact limit.

Dry-niche, no-niche, or wet-niche underwater luminaires
operating at more than 15 volts require GFCI protection.

(4) Voltage Limitation. No luminaires shall be installed for
operation on supply circuits over 150 volts between conductors.

15} Location, Wall-Mounted Luminaires. Luminaires
mounted in walls shall be installed with the 1op of the luminaire
lens not less than 450 mm (18 in.) below the normal water level
of the pool, unless the luminaire is listed and identified for use at
lesser depths. No luminaire shall be installed less than 100 mm
4 in.) below the normal water level of the pool.

Cs.\ssomm
A CONSULTING
SOLUTIONS
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680.23(B) Wet-Niche Luminaires

1) Forming Shells. Forming shells shall be installed for the
mounting of all wet-aiche underwater luminaires and shall be
quipped with prov
Tuminaine snd foen

. Metal parts of the
g shell in contact with the pool water shall

g el tnd = et
those that are pant of & lage lguing yvem ot
oSl e mnmmmmm enm
8 AWG coppor cond
{2) Wiring Fxtendiog Direcily 6o the Forming Shell. Conduit
shall be installed from the forming shell 10 & junction box or
the roquirements in (50, 24, Con-
duit shall be rigid metal. intermediate metal. lquidtight lexible
nonmetallic. or vigid sonmetallc

(8h Metal Conduit. Mets] conduit <hall be appeoved and
vhul! N of brass of other approved commosion-resistant metal

lhll m»dw wnleas a hted low-
lighting system not requiring grounding is used,
bomiina omoer shall o i e fovming bl Jcion
o or transformer enclosure, or ground-faul <
enclanore. The termination of the § AWG banding jumper in the
forming shell shall be covered with, or encapsulated in. a iseed
potting compound 1o protect the connection from te pos
deteriorating effoct of pool water

assucumn
CONSULTING
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680.25 Feeders

(A} Feeders. Whene feeders are installed in cormosive environ-
ments as described in 630,14, the wiring method of that portion
of the feeder shall be as required m&m 14(B) or shall be lig-
uidtight flexible nonmetallic condui ‘methods installed
in comosive environments as ﬂm:nhd in 64014 shall contain
an insulated copper equipment grounding conductor sized in
accordance with Tuble 250,122, but not smaller than 12 AWG.

Sub panel for pool.....EGC with feeder wire
nutted with other EGCs
No bonding jumper to panel enclosure!!!

680.26 Equipotential Bonding

{A) Performance. The equipotential bonding requined by this
section shall b instaled 10 rednee voltage gradieats in the pool
anca

(B) Bonded Parts. The parts specificdin 650 26(B)(1) through
(B)(7) shall be banded togethes using solid copper condactors,
insuluted covered, or bare, not smaller than 8 AWG or with ngd
metal conduit of brass or other identified corosion-resistant
metal. Connec

with 2505, An § AWG or larger solid copper bonding conductor

provided 10 feduce voluage gradicats in the pool area shall oot - i
e required 10 be extended of attached 0 femote paselboards. = 5 75 88228828831
service equipment. or clectrodes.

The only function of the 8 AWG conductor required by
680.26(8) is equipotential bonding to eliminate the voltage
gradient in the pool area. The bonding conductor is not
required to extend or connect to any parts or equipment
other than those covered in 680.26(B)(1) through (B)(7) and
to a pool water bonding element covered in 680.26(C).

CS \ssucwfzn
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(OREMig,

@ Wet Niche Fixture

ACSHEy -
.
e

680.25 Feeders

Sub panel for pool nsulated EGC with
feeder??? Bonding jumper??

680.26 Equipotential Bonding

680.26(B)(1) Conductive Pool Shells

By Bonded Parts. The pansspecifi i 50 25 1) hrough
(8)(T) bl be b together using solil copper cod
msubatesdcovered, o hare, oo smaller than § AWG o with figid
metal condit of brass. of uther identifed corosion.resistant
metal. Connectives 1 honsed parts shall be made in sceondance
With 250§ An S AW o arger sold copper boading conducior
provaded o reduce voltage peadivnts in the pool ares shall sol
be required b be extondod or atiached o remote panclbourds,
service equipment, o electnodes
1) Conductive Pool Shells. onding tn conductive pool shells
shall be provided us spcificd in 650 26(8)(1Ka) or (B 10}
Poured concrls. pocumatically spplhed or sprayed concret.
a0d concrete block with paisted o plastered coatings shall all
be considered conductive matcrials due 1 watee permeability
and pomsity. Vinyl linees.and fiberglass composic shels shail
be considered o be nonconductive matcrials

a) Structural Reinforcing Sieel. Uneocagsulaied stnsctural
ecinforcing steel shall be honded (ogether by siee] tie wires o
the exuivalent Where structural resnforcing sicelis encasulated

instalied in accodance with G50 ZHBX 1)

ACSEEE
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Conductive (Metal) Pool
Shell

assocm'm)
CONSULTING
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680.26 Equipotential Bonding

680.26(B) (4) Underwater Lighting

(4) Underwater Lighting. All metal forming shells and mounting brackets of no-
niche luminaires shall be bonded.

ACSHE

680.26 Equipotential Bondlng

680.26(B)(2) Perimeter Surfaces

2) Perimeter Surfaces. The perimeter surface {6 be borded

shll be coasidired f cxiend for | m (3 1) horizoatally beyond

the inside walls of the pool and shall inchude uapaved surfaces

‘nd oher types of paving, Perimeter surfaces Separaled from the

I by 5 permancat wall or bailding 15 m (5 ) in height o

sl ey eqmponin om0 o he ot e
P iding. p

shall be provided o5 smmn e

sl el e

L26(EH2Na) or (20t and
winiowing sl orcopper conducior

s e o o et o bt
foue puires hall st be reguired.

vinforcing sl
)

5 Alternate seans. Where sruc forciny steed i3

or
s are mes

680.26(B)(5) Metal Fittings. All metal fitings within or
attached to the pool structure shall be bonded. Isolated
parts that are not over 100 mm (4 in.)in any dimension
and do not penetrate into the pool structure more than 25
mm (1 in.) shall not require bonding.

o° EXAlp, N

Bonding Terminal on Pump
Motor

usoclxn-:n
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680.26 Equipotential Bonding

680.26(B) (6) Electrical Equipment

§6) Eletrical Equipment. Metal parts of lectrical equipment
associated with the pool water circulaling system. including
pumg mators and metal pans of equipment associated with pool
covers, nclhuding electic motors, shall be bonded,

Excepnon: Meral pars of listed equipment ineorporaiing an 680.26(E)(6) Banding of Electrical Equipment

apprved svstem of double sulation chall not be bonded.

Wister Punys Motors. - T

tab Double-l cto portsof lectrical © iesrnor

insulued water pump motor s installed under the provisions of

this rulc. a solid 8 AWG copper conductor of sufficicat length systen shall b: bonded. v:vu—muyg

0 Pk oaieg s o 2 Sl e T { T bt
it wotde conauctor(s), mn.

entérided from the bouding Exid to-an scsssibls poind in the bybrkpeya e (

vicinity of the pool puimp motor. Where here is o conection 2 i 4}

between the swimming pool boading grid and the equipment S o2 .

srounding system forthe premmises,this bonding conductor shall Sauifment ' o et oars o e

e connacted to the cquipment grounding conductor of the motoe Sroindra Molors ) S3UPment ncorporatieg

cirsuit, with biench —/ aounleinsuation shal not

(b) Pool Water Heaters. Tor pool water heaters rated at crauits ™ b | Bonding jumper(sy %
mare than 50 amperes pstructions regarding =
.y desiz
shall on it ol d o by ded

hall he grounded.

Good or Bad??
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680.26 Equipotential Bonding

680.26(B)(5) Metal Fittings. All metal fittings within or attached to the pool structure
shall be bonded. Isolated parts that are not over 100 mm (4 in.) in any dimension and

do not penetrate into the pool structure more than 25 mm (1 in.) shall not require
bonding.

680.26(B)(7) Fixed Metal Parts

(7) Fixed Metal Parts. All fised metal parts shall be bonded
including, but not imited to, metal-sheathod cables and raccways,
metal piping, metal awnings, metal fences, and metal door and
window frames,

Exception No. 1: Those separated from the pool by a perma-
sneni barrier that prevents contact by a person shall noi be
required 1o be honded.

Exceprion No. 2: Those greater than 1.5 m (3 ft) horizontally
Jrom: the inside walls of the pool shall not be required 1o be
ndded.

Exception No. 3: Those greater than 3.7 m t12 i) measured
vertically above the mazimum: water level of the pool, or as
measured vertically abave any ohservation stands, t

5, or

platforms, or any diving structures, shall nat be required to
e bon

FYI: Ladder, diving board, slide,
and handrail bases require bonding

assocm'm)
CONSULTING
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(R

Equipotential Bonding

B <

10 Cabiere ne =

248 - Cabe o ol

ACS:e

680.28 Gas-Fired Water Heater

Circuits serving gas-fired swimming pool and spa water heaters
operating at voltages above the low-voltage contact limit shall be
provided with ground-fault circuit-interrupter protection for personnel.

Article 480 Storage
Batteries

ACSii .

ACSET

480 Storage Batteries

80,1 Scope. This artick applics o al stationary installations
orage batlesics

ercaced for the installaion of swticnary batcrics:

(1) NEEE 484, Recommended Proctice for Inswilation Design
nc instilation of Veed Leud-Acid Batierics for Station-
ary Appilcation

) TEEE4RS, Recommended Prctice for Sizing Vemied Lead-
Ackd Sty i o Spdony Apniomias

) TR (145, Reconvmende ice for Invallation and
ctmonanes o Wit ooy o st
taic (PV) Sysiems

) BEE 1187, Recommended Procsice for Instaliation
Design. aru Insialiation of Vaive-Repulaied Lead:Acid
Bateries for Slasionary Applications

(5) 1EE 375 IEEE Guide for the Profection of Stationary
Baery Svstems

6) IEEE 1578,
Electaviyte Spill Containnent ard Mand gemient

() IEEE 1635!ASHRAE 21, Guide for the Ventilation

and Fhemnal Management of Batieriés for Stationary

(81 UL ST, Standand for Rattertes for tse in Light Eléciric

Ral {LER) 105 and Statioaary Applicaiions

1) UL Subject 2436, Owline of Invetigation for Spili Con-
tainmens for Statlonary Load Acid Batiery Systems

(10) UL 1969, Standon for Sianaby Bolterses

ACSE

46




480.3 Equipment

» New requirement were added at 480.3 that will require storage
batteries and battery management equipment to be listed (other
than lead-acid batteries)

» Recognizes the need for a National Recognized Testing Laboratory

(NRTL) evaluation of storage batteries and battery management
equipment by a third-party testing laboratory

Through the use of new technologies, energy density for storage
batteries has significantly increased and continues to increase

Lithium-ion battery energy density has been increasing at
approximately 10 percent annually

ASSOCIATED.
CONSULTING
SOLUTIONS.
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OCP & DC Disconnect

480.4 Battery and Cell Terminations

(A) Corrosion Prevention. Where mating dissimilas metals.
antioxidant material suitable fof the battery conncction shall be
hy the bastery

Informational Note: The batiery manofacturce’s installation
e instruction manual can be used For guidance for sceeplable

(B) Intercell and Intertier Conductors and Connections. The

ampacity of fiekl-assembled intescell and intertier conneciors

and conductors shall be of such cross-scctional arca that the

temperature rise under maximum load conditions and at maxi

‘mum amicnt tempernure shall not exced the safe opernting
o the o orof the

conductor supparts.

Informationsl Nete: Conductors size i prevent s voi

exceerding 3 percent of manirmum amicipated o,
fanfiest o

ton dose s exco 5 et may ot b sppeopriai for all

Daltery appications. [EKE 137 Guide for the Prokectio

of Sty ey Syotons, pasidos pitasen for s nt

provtection and acsociated cable sizing

(C) Battery Terminal, Electrical connections 1o the batiery
and the cable(s) betwen cells on scparate kevels or racks, shall
ot put mechanical strain on the battery terminals. Terminal
plates shall be used where practicable.

ed for conduetors from o batlery comoded oot the e

protection shall not be regy

for starting, tgnition, or control of prime movers. Section 100.3 R sesben for 1 Rk e et b

shall ot apply to these conduclons.

ered as an insulating s

480.7 DC Disconnect Methods.

(A} Disconnecting Means. A disconnecting means shall be
provided for all ung

battery system with o voltage over 60 volts de. A disconnecting
means shall be readily accessible and located within sight of the
batiery system.

(B) Remote Actuation. Where u disconnecting means. located
in sccondsnce with 450.7(A), is provided with remote comrols
10 activate the disconnecting means and the controls for the dis-
connecting means arc not locaied within sight of the stationary
battery system, the disconnecting means shall be capable of

the following:
{1y Nominal
2) Maxin

ery voluy
1

ry battery system

e
accordance with 110,16,

\~socm'an
CONSULTING
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480.6 Overcurrent Protection for Prime Movers, Overcurrent 480.5 Datiery Suppert Sysiews. For "W“‘“’ chambirics with

supparts the battery

wwsistant 1o deteriomting ac 20 Ty the electrolye.

witha voltage of 60 vots dc o less if the battery provides power Mol sracuures shall be provided wils sonconducues
o

continoe {rting matersl Daine alons shall not be camsich
erial.

d in the open position. in sccondance with 11025, Notification. The disconnecting shall be legibly

being
and the location of the controls shall be Field marked oa the marked im the fiekd. A kbel with the marking shall be placed in
disconnecting means. s location near the banery if a discon

provided. The masking shall be of sulficicnt dus
bility 10 withstand the en wvolved and shall inchide

e
ile shrtcireuit eurrent derived From the

short<ircuit current calculation was performed
Ty Ilsrunun.mllk means shall be marked in

480.10 Battery Locations

480.10(E) Egress. A personnel door(s) intended for entrance to, and egress from,
rooms designated as battery rooms shall open in the direction of egress and shall
be equipped with listed panic hardware.

(F) Piping in Battery Rooms. Gas piping shall not be permit
ted in decicated battery rooms.

(G) Mumination. Dlumination shall be
iming battery sysiems. The lighting outlets shall o
cd by automatc o Addinonal
outlets shall not be required where the work space i ilhumi
e by an adjacent light source. The location of luminaices shall
not

vided for working

(1) Expose personnel 1o energized bauery components while
performing maintcnance on the himinaires

hazard o the batiery upon failure of the lumin-

ASSOCIATI
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480.10 Battery Locations

480.10 Battery Locations. Basiery locations shall co
480.10(A), (B}, and (€)

A} Ventilation. Provi
ogy shall be mad

I Note Mo 1) See NFPA LIS, Fov Conle, Oump
b comssberatuns b spreibe batiers e

tionsl Note No % Some battery inchnalogien do ot

rrqusre entlatng

arsrgribomingbeinemgly—yry?

see [HE Sid 16752012/

EHRAR Cosdir 33013 Gt B e Wi e
Memagreens o Buttres for

(B) Live Parts. Guarding of live pars shall comply with
1107

Spac
om shall comply with 110
ured from the cdge of the b

Workung space ah
shinet. racks, ar trav

For batiesy racks. there shall be & mininum dearance of
£ od

(D) Top Terminal Battories: Where (op (erminal batieries are
imstallect d racks or on shelves of bas

Article 695
Fire Pumps

ASSOCIATED,
CONSULTING
SOLUTIONS.
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695.1 Scope

(A} Covered. This

ecvers the installation of the Following:

(1) Electric power soances and interconaecting Circuits

2) Switching and control equipment dedicated o fre pump
deivers

(B) Not Covered. This anicke does not cover the followin

(1) The perfomance, mainienance, and scceptance lesting
of the fire pump system, and the internal wiring of the
components of the system

(2) The installation of pressure maintenance (jockey or
makeup) pumps

Informationsl Note: Fac the instalation of preusars maintenance
Gockey or mukeup) pumps supplcd by the fire pamp it or
ancther soarce, sce Acticic

(3) Transfer cquipment upstream of the fire pump transfer
switchfes)

Informationa] Note: See NFPA 20.2013, Staadard for the -
Insallation of Satiamary Puamps for Fire Pavection, ot futhes
information.

CS Atsocwn-:n
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695.3(B) Connection Through Disconnecting
Means and Overcurrent Device

(1) Namuber of Dise [T

[y iy Se——————)

rrem proiectie devicets ) shall be permned o be b

ween the fire pussp pover wwrve(s) and one of e
]

ket hal b permien

(2 Overcurrems Devics: Selection. Overesrremt. devices. shall
oy wih -t-.hlflu }a) ox

Al ¥

- "

cahes pangs e and s
equipment when o w thi g wpph

st vabur dhoes esprond 10 3

the nest standard oves

n svrkance with

soes 04 dissers othes

clvuiat). e Iopeerinent %0 cary the locked kot

o ap
prrertise ey e I ises s 0340
{802 04]
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695.3 Power Source(s) for Electric
Motor-Driven Fire Pumps

Electric motor-driven fire pumps shall have a reliable source of power.
Informational Now: See Sections 933 and AS32 from

w abte, sod where copuide of IEPA 209013, Sundard for the Funtalation of Sationars Parps for
T o, e on the determination of power
source seliabifiy.

e o oee of the follwing

(1) Electric Usiity Service Connection. A fire pusaps shall be
ed 10 be supplied by @ separate service, or from a

on focaied ahead of and noc within the same cabinet
wchgear sextion, or vertical wwitchboard
isconnecting means. The connection
ranged s a wize the possibility
of damage by fire from within the premises and from exposing
buari A g s of the service dicommessing menss shal
b DR, T wriie cdpmen: hll gy

i the abeln 2 the. locai
requircments (). [20:.

(2 Onsite P mp shiall be
per duction

faciliry
iismize the possitiliey of danage by fr. (209 2.2(9)]
(%) Deodscated Feeder. A dedicated freder shall be permbtted

ton n deweribed in

ere it in de
5.3A) (1), 204,

Also see 695.3 (B) — 695.3(H)

ACSE ) .

695.5 Transformers

5 Transformens. Where the service or system voltsge i

different from the wilization voltage of the fire pump motor,

transformeris) protecicd by disconnec and aver

ve devices shall be permitted 1o be installed

wp controller in

with (C). Only tans- 1
d in 605.5(C) shall be permired 1o supply loads

dlirectly amosiated with the fite purmp setein

e

(A) Sige. Where a wansformer suppl Dedicated
driven fire pump, it shall be rated a1 2 minizy ransiormer

of the sum o se pump motor(s) and presure mainie- s

nance punpp(s) motor loads, and I S
fire pump accessory equipment supplied by the tramformer overcuren profection

NOT parmitied
(B) Overcarrent Protection. The primary overcurrent 2

otec-
tive deviceis) shall be selected or set 10 carry indefinitely the
s ofthe lockdvovor curremd of e re punp motorts) sed
the pressure maintenance pump o d the fulldoad e periliod
ociated fire punsp accessory r-<||zrpm-m when within fre pump

ver supply. Secondary overcurrent protec-
tion shall not be perminied. The requirement 1o carry the
Jockechrotor currents ey bl pot apply 10 conducton
or devices other than evercurrent devices in the fire pump

Atsocwm)
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695.3(B) Connection Through Disconnecting
Means and Overcurrent Device

(2) Overcurrent protection shall be provided by an assembly
listedd for fire pump sewice and complying with the
following:

The overcurrent protective deviee shall not_open

within 2 minutes at 600 percent of the full-oad

current of the fire pump motor(s)

‘The overeurrent protective device shall not open with

@ resart transient nf“’l times the fulldoad current of
ts)

s

the fire
The ewedmeent presssilee devee, shell-niot ‘open
within 10 minutes at 300 percent of the full-load
current of the fire pump motords).
The trip point for circuit breakers shall not be fickd
adjustable, [20:0.2.8.4.1

(b} OnSite Standby Cenerators. Overcurrent prote
devices between an on-site sandby generator and @ fire pun
controller shall be selected and sized 1o allow for fstantaneots
pickup of the full pump room load, but shall not be larger than
the value selected to comply with 430.62 w provide short-
cirenit protection only. [20:0.6.1.1]

=
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695.6 Power Wiring

ASSOCIATED.
CONSULTING
SOLUTIONS

) Supply Conductors.
4 Onsia Power Production Faclles
d

tios bl b pipscaly routcd cunside a buiking(s

JIH' |h‘|ll hr um.\Hml .n serviceentrance conductors in accord
s 1 and IV of Aricle 230,

gl be physically rouied outside

v, the conductors shall be permitied 1o be routed

e building(s) where imstalled

12).

in accordance with

wh
230.6(1) or

2906 Conductons Considered Outside tse Bulding, Cor
tors shall be considered outside of a buikding or other st
under any of the following conditions

m

1 by ok bew (han 30 e €

trweuih s bkl
Where inmlie o

S
Y dhick

{B) Conductor

(1) Fire Pump Motors sod Otber Equipment. Conducrors
supplying a fire motor(s), pressure e pumps,
and associated fire pump accessory squipment shall have a
rating not fess than 135 percent of the sum of the fire pump
motwr(s) and pressure mainenance motwr(s) fullload
current(s), and 100 percent of the asociaed fire pump acecs-
sory cquipment.

(2) Fire Pump Motors Only. Conduciors supplying ooly @ fire
pumnp motor shall have 2 minimum ampacity in accordance
with 430.22 and shall comply with the voltage drop require-
ments in 605.7.

The applicable distance and size restriction
apphy
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695.6 Power Wiring (Feeders)

(A) Supply Conductors.

(2) Feeders. Fire pump supply conductars on the load side of o |
the Bl imaciaing mican. wad evorrimrent. dedec ()
5.4 (B), or conductors that cenneet dircetly 10 | ‘
an onsite standby generator, shall comply with all of the follow- 4
g proveyiv iy
(@) prmrfr«u Routing, The conductors shall be kept
ircly independent of all other wiring. freed

t i Pump Loads. The conductors shall
supply only loads that are directly associated with the fire pump
system
P Prision Jrom Potential Damage. The conductors shall
be proteeted from potential damage by fire, structural faiture,
or operational aceident.

() uside of @ Building Where touted through a build-
ing, the conductors shall be protecied from fire for 2 hours
using ane of the following methods:

(1) The cable or raceway is encased in % minimum 50 mm
(2in.) of concrete,

(2) The cable or raceway is a listed fireresistive cable system.
Informations| Note 1: Tireresistive cables are tested 1o ANSL/
UIL 2106, est for Fire Hnitive Cable,
Informational Note 2: The lising organization
mation for fireresistive cable sysiems on prope
requirements 1o maintin the fire rating.

ovides infor-
' installasion

o i
(3) The cable or mcevay is a listed electrical ciruit protec- :;“, ','g:;" e N e g
e e

ACSi

695.14 Control Wiring

695.14(E) Electric Fire Pump Control Wiring Methods.
All electric motor—driven fire pump control wiring
shall be in rigid metal conduit, intermediate
metal conduit, liquid tight flexible metal conduit,
electrical metallic tubing, liquidtight flexible
nonmetallic conduit, listed Type MC cable with
an impervious covering, or Type MI cable.

0 i B Wiog NGl il i
h e 3 e

ot L 4
e il

wenermor unction at the

ERUcianor (a) A8 wirs the gERETAOL).

e e s
s

Article 700
Emergency Systems

Associren
ONSULTING
SSNTIONS

695.7 Voltage Drop & 695.10 Listed
Equipment

695.7 Voliage Drop.
(A) Strting. The w

terminals shall not
(comtrolicnrascd volagt)

age at the fire pump controller line
oce than, 15 percent below normal
det motor stasting conditions

Exception: This r...,m.... shall wot apply for emergency rum mechans-
cal starting, | 20: 9.4.2]

(B) Runaing. The woltage at the load terminals of the fire
pump controfler shall not drop more than 5 percent below the
voltage rating of the motor connected t those terminals when
115 percent of the fu

rent

695.10 Listed Equipment. Diesel engine fire pump control-
lers, eleciric fire pump controllers, electric me ire pump
power transfer switches, foam pump controllers, and Gimited
service controllens shall be liued for fire pump service.
[20:05.1.1, 10.1:2.1, 121.3.1]

ACSEHE

695.15 Surge Protection

N 695.15 Surge Protection. A listed surge protection device
shall be installed in or on the fire pump controller.

A study was conducted, commissioned by the NFPA Fire Protection Research
Foundation, and it concluded that 12% of the fire pumps tested had damage due to
surges. Surges can damage motor windings, which shortens the life of motors. Controls
are at even greater risk for damage from surges. It's not prudent if a fire pump has to
operate during a fire at full capacity and can't because of unnoticed damage.

OBC Chapter 27

Section 2702 Emergency and Standby
Power Systems

2702.1 Installation
Emergency power systems and standby power systems
shall comply with Sections 2702.1.1 through 2702.1.7.

2702.2 Where Required
Emergency and standby power systems shall be provided
where required by Sections 2702.2.1 through 2702.2.16.

2702.3 Critical Circuits

Cables used for survivability of required critical circuits shall
be listed in accordance with UL 2196. Electrical circuit
protective systems shall be installed in accordance with their
listing requirements.

2702.4 Maintenance

Emergency and standby power systems shall be maintained
and tested in accordance with Sections 604.4 to 604.5 of the
fire code.

ACSH
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Emergency Systems
700.3 Tests and Maintenance

(A} Conduct or Witsoss Test. The authority having jurisdic-

tion shall conduct of withess & test of the complele sstem
» installatzan 2nd pesodically afterwand

(B) Tested Periodieall  Sysiems shall b

on 3 schedule acceprable o the suthoriry
e the systems are mntuned i propes operating conds-

() Maintonance. Emergency swwaem equipment stall be
mainained in accordance with manuEsCIITCE inAnICions nd
mdusery sandards.

D) Written Record. A writen secor shall be kept of such
tests and mainreaance

() Testing Under Load. Meams for sessing all e
lighting and power systems during mavimum an upam ot

oas shall be provided

\ssDClATE.D
CONSULTING
SOLUTIONS.

Emergency Systems
700.4 Capacity

(A) Capacity and Rating. An emergency system shall have
adequate capacity and rating for all loads 1o be operated simul-
tancously. The emergency system equ shall be suitable
f wum wvailable f al

\scocman
CONSULTING
SOLUTIONS.

Emergency Systems
700.7 Signs

700.7 Signs.
(A) Emergency Sources. A sign shall be placed ut the service-
exmraci o pimest. I Bcsta e ad oot of Bl oo s
emerpency power source.

Exception: A sign shall ot be required for indPvidual wnit
equipment ax specified in 700,12

NOM-SEPARATELY DERIVED
GENERATOR

. o

e e gt
wamsIG 2 -
soc) =

CONNITTION 1Y
WHILE

The waming e ar bl eyl comp . 1021681

s £
i

\ssocmrsn
CONSULTING
SOLUTIONS.

Emergency Systems
700.3 Tests and Maintenance

N (F) Temporary Source of Power for Metrimmancs or Repeke of
the Aliernate Source of Power.

alternate source of power, “hich

« or repair. the emengency sywem shall include

ierate s
duration of the mainten
ing means to connert a portable or temporary alterr
aof pawer shall comply with the following:

¢ or repair. The permanent switch.
soiree

(1) Connection 1o o emporary
..u.mum not require modification of
yatem

(2) Tramafer of power bevween the scoesl pover
the cimcrgeney power souree shall bt i accordance with
00,12,

(3) The connection point for the e o1 tempotary alter-
nate source shall be marked with the phase rotation and

wee of power and 1
o a load k.

ACSE .

Emergency Systems
700.5 Transfer Equipment

T 005 Transf

ek praciit.

) fmwntl Tran
i b

(B) Bypass Laolation Switches.
d isolate the tn

o plihes aae ised, Wdverient

avoided.

operation shall be

{€) Automatic Transfer Switches. Automatic tanfer swiiches
shall be electrically operated and mechanically hekd, Automati
wransfer switehes shiall be listed for emengency system use.

(D) Vs, Trwnser equip
Toads.
N (E

o shall supply only cnergency

Dacun The o
et equipmen, [
tive device yps
] be field marked on
.

ASSOCIATED,
CONSULTING
SOLUTIONS

< g of the
o the specific overeument protees
ecting the transfer equipment,
exterior of the wanster equip-

Emergency Systems
700.10 Wiring, Emergency System

M) Mottt sy s shall e gemnesdy

ke vty il el e coposent of

emerocy it syurm b e Fllwng ot

(11 AR boses asd enchosees (inchuding wander wwitches, J - w

genemion, and pover paaeh) e csmergency s
shall be pemsanently marked a8 component of i rmer-
ey e c e,

(81 Wherebovs o endosres e ot v e
‘bl or ey s hal e permmasent marked 1o
be ol a8 omponcnt of 1 emergeny
e, e ot e 71 (56

NON SEPARATELY DERIVED

Rt mpet bt ey o e
latitive ke o o o0 he etk o e —
the s s W

ASSOCIATED
CONSULTING
SOLUTIONS
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Emergency Systems

cy Emergency Systems
70010 Wining, Emergshicy System 700.12(B)(6) Outdoor Generator Sets

tional pequirements in (D) (1) through (D) (3) in the follewing
occupancies

700.12(B)(6) Outdoor Generator Sets. Where an outdoor housed generator set

is equipped with a readily accessible disconnecting means in accordance with

445.18, and the disconnecting means is located within sight of the building or

structure supplied, an additional disconnecting means shall not be required

oit. wising shell. where ungrounded conductors serve or pass through the building or structure.
Where the generator supply conductors terminate at a disconnecting means in or

on a building or structure, the disconnecting means shall meet the requirements
e of 225.36.

hour fire

(n A.... by occupancies for
® 7
() ur..:nm

Toss than 1000 perscns

1) in heig

o occupancics where pe

of self presenvation

(1) Educational occupancies with more than 300 occupants

(1) Foedor-Circuit Feed

ane of the following conditions:

(1) The cable or raceway |
e flly protecied by an approved e

s are not capable

raveway is protecied by
em with & i

(3)  The cable or raceway is a listed fireresistive cable system. 22536 Type of Disconnecting Means. The disconnecting;

mcans specified in 22511 shall be comprised o crc
lnfrmational Note No. 1t Fireresistive cables are tested to 2 5
ANSUUL 9108, Tt for i Rasitive Cabds mua. switch, snap snl;c
1 applied in accordance with 250, 12(B),

No. % The lising organietion provides ple ‘

informition for fire-sesistive cable sysiems on propes installstion Exception No. 1, the disconaeeting meass shallbe sitabe for
requirements o maintin the fire ratag, 08¢ 05 service equipment

Infisrsmational

(4) The cable or raceway is protecied by o listed fire-rated
assembly that has a minimum fire rating of 2 hawrs and
contains only emergency cireuits,

(5) The cable or raceway is encased in a minimum of 50 mm

2in.) of conerete

T
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Thank you for participating!

To schedule a seminar, webinar, or online course:
Do you have

questions? www.associatedconsultingso

Now is the time to
ask!

Or call

Associated Consulting Solutions, LLC
216-256-3556

LT
ACS&&’}%»‘F;“




File Attachments for ltem:

ER-3 2017 NEC Wiring, Equipment, and Overcurrent Protection (Flanik)
All Certifications (6 hours)

Staff Notes: Recommend approval

ESIAC Recommendation: Recommend approval

Committee Recommendation:
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Board of Building Standards
6606 Tussing Road, P.O. Box 4009

Reynoldsburg, Ohio 43068-9009
(614) 644-2613 Fax: (614) 644-3147
dic.bbs@com state.oh.us
www.com state.oh.us/dic/dicbbs.htm

APPLICATION

Continuing Education CONRE T SUBNITTER:

Course Approval Course Submitter: Jerry Flanik

(Contact Name)

Continuing education programs approved for Organization: Associated Consulting Solutions, LLC

education credit by the Ohio Board of (Organization/Company)

Building Standards may be used for | Address: 96710Oxford Glen Drive :
” A . N . (Include Room Number, Suite, etc.)
compliance with certification requirements City: Mentor State: Ohio Zip: 44060

related to code enforcement, plan review, and

inspection responsibilities. The credit is to be | E-Mail: jerry@associatedconsultingsolutions.com

used to renew the certifications issued by the

s o443 : 216-256-3556 .
Ohio Board of Building Standards pursuant to Telephone: Fax:
section 3781.10(E) ORC. Course Sponsor: Associated Consulting Solutions, LLC

COURSE INFORMATION:

Course Title: 2017 NEC Wiring, Equipment, and Overcurrent Protection

New Course Submittal: - Update Course: E] Prior Approval Number:

Purpose and Objective: This 6-hour seminar is designed for online or in-person training that highlights main provisions regarding

the 2017 NEC wiring, equipment, and overcurrent protection. Participants will be provided with requirements for branch circuits, feeders, services,

overcurrent protection devices and ratings, generators, transformers, motors, and HVAC equipment and panels.

Number of Instructional Contact Hours that can be obtained upon completion: 6 hours

If Multi-Session, Number of Instructional Contact Hours Per Session:

Program Applicable for the Following Participants:

Building Official . Master Plans Examiner
Building Plans Exam. Plumbing Inspector
Plumbing Plans Exam. Non-Res U Inspector
Electrical Plans Exam.
Mechanical Plans Exam.

Fire Protect. Plans Exam.

Building Inspector . Fire Protection Inspector . Mechanical Inspector .

Res Building Official . Res Plans Examiner - Res Building Inspector . Res Mechanical Inspector - Res IU Inspector

Electrical Safety [nspectors .
Location of ESI Course: TBD Date(s) of ESI Course(s): TBD
T . . S : Check
SUBMITTAL CHECKLIST: Make Sure all of the Following Information is Submitted Off
Course Submitter: Name of contact person and their certification numbers. organization, address. fax, phone X
Organization sponsoring or requesting the program (if any)

Course Title: Name of course (related to content) X
Purpose/Objective: Describe purpose and how course will improve competency of certification(s) listed X
Contact Hours: Indicate instructional time and credit requested in hours (e.g.: 0.5 hr, 1 hr, 3.5 hrs) X
Participants: Check off each certification for which credit is requested (for which course relates to certification) X
Content of Program: Include collated agenda, time schedule, course outline; list specific sections of code, references, and topics covered | X
Course Materials: Collated workbooks, handouts, hard copy or electronic versions of program is available X
Instructor(s) Info.: Resume of professional/educational qualifications & teaching/training experience/BBS certifications X
Test Materials:

Completed Application: X
NOTE: The Board does NOT grant retroactive approval for courses presented prior to approval date.

BBS 81028110

Form: 1526
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Associated Consulting Solutions, LL.C

Governmental Solutions, Plan Review Services, Inspection Services, Education & Design Services

2017 NEC Wiring, Equipment, and Overcurrent Protection

6-Hours of Continuing Education Credit

Course Description: This 6-hour seminar is designed for online or in-person training that
highlights key provisions of the 2017 OBC Electrical Requirements & 2017 NEC

This seminar highlights key provisions of the 2017 NEC regarding wiring, equipment, and
overcurrent protection.

This seminar:
» Provides practice in applying key requirements.
» Reinforces learning by supplying immediate feedback and clarification.
» Walks participants through content and intent.

Key topics covered with in-depth discussion:
o 2017 OBC Requirements
° Branch Circuits & Feeders

o Services

o Overcurrent Protection Devices and Ratings
o Generators & Transformers

o Motors & HVAC Equipment

o Panels

Course Outline:

1. 2017 0OBC-CHAPTER1

OBC Section 105.1 Approvals Required

OBC Section 102.10 Work Exempt From Approval

OBC Section 102.10.1 Emergency Repairs

OBC Section 102.10.2 Minor Repairs

OBC Section 106.1.1 Information on Construction Documents

YVYVYYVYYV

9671 Oxford Glen Drive, Mentor, OH 44060 * T (216) 256-3556 * W: www.acsadvantages.com
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2. 2017 OBC —CHAPTER 27

VVVVVYVYVYYVYYVYYVYYVY

OBC Section 2701.1 Scope

OBC Section 2701.2 Appliance and Fixture Listing
OBC Section 2702 Emergency and Standby Power Systems
OBC Section 2702.1 Installation

OBC Section 2702.2 Where Required

OBC Section 2702.3 Critical Circuits

OBC Section 2702.4 Maintenance

OBC Section 2703.1 Penetrations

OBC Section 2703.2 Cutting, Notching, and Boring
OBC Section 2704 Smoke Detection

OBC Section 2704.1 Smoke Alarm Circuits

3. 2017 NEC 5 New Articles

YVVVYYVY

Article 425 — Fixed Resistance & Electrode Industrial Process Htg. Equipment
Article 691 — Large Scale PV Production Facility

Article 706 — Energy Storage Systems

Article 710 — Stand Alone Systems

Article 712 — DC Micro Grids

4. Article 210 Branch Circuits

VVVVVVVVVVVYVYVVYYY

210.4 Multiwire Branch Circuits

210.7 Multiple Branch Circuits
210.11(C)(4) Garage Branch Circuits
210.12 AFCI Protection

210.12(C) Guest Rooms and Guest Suites
210.17 Guest Rooms and Guest Suites
210.18 Rating

210.20 Overcurrent Protection
210.21(B)(1) Single Receptacle on an Individual Branch Circuit
210.52(B)(1) Exception #2

210.52(C)(3) Peninsula Countertops
210.52(G)(1) Garages

210.63 HACR Receptacle

210.64 Electrical Service Areas
210.70(C) Lighting Outlets Required
210.71(A) + (B) Meeting Rooms

9671 Oxford Glen Drive, Mentor, OH 44060 * T (216) 256-3556 * W: www.acsadvantages.com
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5. Article 215 Feeders

VVVVVYVYVYY

215.5 Diagrams of Feeders

215.10 Ground-Fault Protection of Equipment

225.1 Scope

225.18 Clearance for Overhead Conductors and Cables
225.31 Disconnecting Means

225.33 Maximum Number of Disconnects

225.37 Identification

6. Article 225 Feeders

VVVVY

225.1 Scope

225.18 Clearance for Overhead Conductors and Cables
225.31 Disconnecting Means

225.33 Maximum Number of Disconnects

225.37 ldentification

7. Article 230 Services

VVVVVVVVVVVVVY

230.2 Number of Services

230.9 Clearances on Buildings

230.24 Overhead Service Conductors Clearances

230.28 Service Masts as Supports

230.30 Underground Service Conductors Installation

230.40 Number of Service-Entrance Conductor Sets

230.42 Service-Entrance Conductor Minimum Size and Rating.
230.43 Wiring Methods for 1000 Volts, Nominal, or Less.
230.66 Marking Service Equipment General

230.70 Service Equipment-Disconnecting Means

230.82 Equipment Connected to the Supply Side of SE Equipment
230.91 Location Service Equipment-Overcurrent Protection
230.95 Ground-Fault Protection of Equipment

230.95(C) Performance Testing

8. Article 240 Overcurrent Protection

>

YV YV

240.6(A) Standard Ampere Ratings for Fuses and Inverse Time Circuit
Breakers

240.13 Ground-Fault Protection of Equipment

240.15 Ungrounded Conductors (Slash / rated breaker)

240.24 Location in or on Premises — new exception

240.67 Arc Energy Reduction — new section

9671 Oxford Glen Drive, Mentor, OH 44060 * T: (216) 256-3556 * W: www.acsadvantages.com
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9. Article 445 Generators

» 445.11 Marking

» 445.13 Ampacity of Conductors

» 445.18 Disconnecting Means and Shutdown of Prime Mover
» 700.12(B)(6) Outdoor Generator Sets

10. Article 450 Transformers

450.3 Overcurrent Protection

Application of Table 450.3(B)

450.21 Dry-Type Transformers Installed Indoors
450.21(C) Over 35,000 Volts

450.26 Oil-Insulated Transformers Installed Indoors

YVVVYYV

11. ARTICLE 440 Air-Conditioning and Refrigerating Equipment

440.1 Scope

210.63 HACR Receptacle

440.4(B) Multimotor and Combination-Load Equipment
440.6 Ampacity and