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As stated in the 2014 Code, health care facilities are comprised of seven (7) different parts.

I. General,

II. Wiring and Protection,

III. Essential Electrical Systems,

IV. Inhalation Anesthetizing Locations,

V. X-Ray Installations,

VI. Communications, Signaling Systems, Data 

Systems, Fire Alarm Systems, and systems less 

than 120 volts, Nominal,

VII. Isolated Power Systems.

Parts I and II are the most general of the article. Part I gives a general scope and the definitions portion of the 
entire article. Part II is the Wiring and Protection section for all patient care areas of health care facilities. The 
other five (5) parts are dedicated to specific locations and/or systems throughout Health Care Facilities.

Article 517.1: The provisions of this article shall apply to electrical construction and installation criteria in 
health care facilities that provide services to humans. The requirements in part II and III not only apply to single 
function buildings but also intended to be individually used to their respective forms of occupancy with in a 
multifunction building. (E.g. a doctors examining room located within a limited care facility would be required 
to meet the provisions of 517.10).

Article 517.2 Definitions:

Ambulatory Health Care Occupancy. A building or portion thereof 
used to provide services or treatment simultaneously to four or 
more patients that provides, on an outpatient basis, one or more 
of the following:

(1) Treatment for patients that renders the patients incapable of 
taking action for self-preservation under emergency conditions 
without assistance of others.

(2) Anesthesia that renders the patients incapable of taking action 
for self-preservation under emergency conditions without the 
assistance of others.

(3) Emergency or urgent care for patients who, due to the nature 
of their injury or illness, are incapable of taking action for self-
preservation under emergency conditions without the assistance 
of others.

Electrical Life-Support Equipment. Electrically powered equipment 
whose continuous operation is necessary to maintain a patient’s life.

Article 517 Health Care Facilities
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1. What part of Article 517 would you find the definitions 

portion?

A. VII. Isolated Power Systems
B. II. Wiring and Protection
C. I. General
D. V. X-Ray Installations

2. How many parts are there to Article 517?

A. 7
B. 5
C. 9
D. 8

3. Which part of Article 517 would you find the Wiring 

and Protection section?

A. I
B. VI
C. VII
D. II

4. Systems less than 120 volts nominal would be covered 

in what part of article 517?

A. I
B. VI
C. VII
D. II

5. What best defines electrically powered equipment 

whose continuous operation is necessary to maintain 

a patient’s life?

A. Ambulatory Health Care equipment
B. Electrical Life-Support system
C. Nursing home equipment
D. Electrical Life-Support Equipment

Article 517.2 Definitions:

Equipment Branch. A system of feeders and branch circuits arranged for delayed, automatic, or manual 
connection to the alternate power source and that serves primarily 3-phase power equipment.

Battery Powered Lighting Units: Individual unit equipment for back up lighting consisting of the following.
1) Rechargeable battery
2) Battery-charging means
3) Provisions for one or more lamps mounted on the equipment, or with terminals for remote lamps or both.
4) Relaying device arranged to energize the lamps automatically upon failure of the power to the unit or equipment.

Patient Bed Location: The area of a patients’ sleeping bed or the bed or procedure table of a critical care area.

Basic Care Space. Space in which failure of equipment 
or a system is not likely to cause injury to the patients 
or caregivers but may cause patient discomfort.

General Care Space. Space in which failure of 
equipment or a system is likely to cause minor injury 
to patients or caregivers.

Critical Care Space. Space in which failure of 
equipment or a system is likely to cause major injury 
or death to patients or caregivers.

Support Space. Space in which failure of equipment 
or a system is not likely to have a physical impact on 
patients or caregivers.

Exam Questions
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6. What best defines a system of circuits and equipment 

set up for automatic, delayed, or a manual connection 

to an alternate power source and that serves primarily 

3-phase power equipment?

A. Essential electrical system
B. Equipment Branch
C. Isolated power system
D. Life safety branch

7. Battery powered lighting units are individual 

equipment for back up illumination consisting of all 

but one of the following:

A. Battery charging means
B. Rechargeable battery
C. Manual or automatic means of switching
D. Provisions for one or more lamp to be mounted 

on the equipment

8. What is known as the location in which failure of 

equipment or a system is not likely to cause injury 

to the patients? 

A. Patient Care Space
B. Basic Care Space
C. Support Space
D. Critical Care Space

9. What is known as the location in which failure of 

equipment or a system is likely to cause minor injury 

to patients?

A. Patient Care Space
B. Basic Care Space
C. General Care Space
D. Critical Care Space 

10. What is known as the location in which failure of 

equipment or a system is likely to cause major injury 

or death to patients?

A. Support Space
B. Basic Care Space
C. General Care Space
D. Critical Care Space

11. What is known as the location in which failure of 

equipment or a system is not likely to have a physical 

impact on patients?

A. Patient Care Space
B. Basic Care Space
C. Support Space
D. Critical Care Space

12. A jack or terminal that serves as the collection point 

for redundant grounding of electrical appliances for 

patient care vicinity or for grounding other items 

in order to eliminate electromagnetic interference 

problems is known as?

A. Reference grounding point
B. Patient equipment grounding point
C. Selected receptacles
D. Equipment branch

13. How far does the space within a location intended 

for the examination and treatment of patients need 

to extend beyond the normal location of the patient 

bed to be considered a patient care vicinity?

A. 6 ft 6 inches
B. 7 ft 6 inches
C. 3 ft
D. 6 ft

Patient Equipment Grounding Point: A jack’s or terminal’s that serve as the collection point for redundant 
grounding of electrical appliances for patient care vicinity or for grounding other items in order to eliminate 
electromagnetic interference problems.

Patient Care Vicinity: A space, within a location intended for the examination and treatment of patients, extending 
1.8 m (6 ft) beyond the normal location of the patient bed, chair, table, treadmill, or other device that supports 
the patient during examination and treatment and extending vertically to 2.3 m (7 ft 6 in.) above the floor.

Selected Receptacles: A minimum number of electrical receptacles to accommodate equipment normally 
required for local area tasks or likely to be used in patient care emergencies.

Task Illumination: provisions for the minimum lighting required to carry out necessary tasks in certain areas, 
including but not limited to safe access to supplies and equipment, and access to exits.

Exam Questions
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14. How high does the vertical space within a location 

intended for the examination and treatment of 

patients need to extend to be considered a patient 

care vicinity?

A. 6 ft 6 inches
B. 7 ft 6 inches
C. 3 ft
D. 6 ft

15. True or False? Selected receptacles are orange with a 

green dot and designated for emergency equipment 

in a patient care facility.

A. True
B. False

16. What best defines the minimum lighting required 

to carry out necessary tasks in the described areas, 

including safe access to supplies and equipment, and 

access to exits with regards to health care facilities?

A. Task Illumination
B. Critical Branch
C. Emergency Lighting
D. Support lighting

517.10 (A) Applicability. Part II shall apply to patient care space of all health care facilities.

517.10 (B) Not Covered. Part II shall not apply to the following:

(1) Business offices, corridors, waiting rooms, and the like in clinics, medical and dental offices, and outpatient facilities

(2) Areas of nursing homes and limited care facilities wired in accordance with Chapters 1 through 4 of this 
Code where these areas are used exclusively as patient sleeping rooms.

517.13 Grounding of Receptacles and Fixed Electrical Equipment in Patient Care Areas Wiring in patient 

care areas shall comply with 517.13(A) and (B).

(A) Wiring Methods. All branch circuits serving 
patient care areas shall be provided with an 
effective ground-fault current path by installation 
in a metal raceway system, or a cable having a 
metallic armor or sheath assembly. The metal 
raceway system, or metallic cable armor, or sheath 
assembly shall itself qualify as an equipment 
grounding conductor in accordance with 250.118.

517.14 Panel Board Bonding. The equipment 
grounding terminal buses of the normal and 
essential branch- circuit panel boards serving the same individual patient care vicinity shall be connected 
together with an insulated continuous copper conductor not smaller than 10 AWG. Where two or more panel 
boards serving the same individual patient care vicinity are served from separate transfer switches on the 
essential electrical system, the equipment grounding bus of those panels shall be connected together with 
an insulated continuous copper conductor no smaller than a 10 AWG. This conductor shall be permitted to be 
broken in order to terminate on the equipment grounding terminal bus in each panel board.

517.16 Use of Isolated Ground Receptacles. An isolated ground receptacle shall not be installed within a 
patient care vicinity.

517.18 General Care Area: (A) Patient Bed Location. Each patient bed location shall be supplied by at least 
two branch circuits, one from the critical branch and one from the normal system. All branch circuits from 
the normal system shall originate in the same panelboard. The electrical receptacles or the cover plate for the 
electrical receptacles supplied from the critical branch shall have a distinctive color or marking so as to be 
readily identifiable and shall also indicate the panelboard and branch-circuit number supplying them. Branch 
circuits serving patient bed locations shall not be part of a multiwire branch circuit.
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17. What part of article 517 would NOT apply directly to 

a dental office installation? 

A. III
B. II
C. IV
D. VI

18. What is the minimum size equipment grounding 

conductor that can be used to tie together the 

terminal buses of the normal and essential branch-

circuit panel boards that serve the same individual 

patient care vicinity?

A. 8 AWG
B. 6 AWG
C. 4 AWG
D. 10 AWG

Exception NO 1: Branch circuits serving only special purpose 
outlets or receptacles, such as portable X- ray outlets, shall 
not be required to be served from the same panel board 
or distribution panel. 
Exception NO 2: Requirements of 517.18(A) shall not apply 
to patient bed locations in clinics, medical and dental 
offices, and outpatient facilities; psychiatric, substance 
abuse, and rehabilitation hospitals; sleeping rooms of 
nursing homes and limited care facilities meeting the 
requirements of 517.10(B)(2)
Exception NO 3: A general care patient bed location served 
from two separate transfer switches on the emergency system 
shall not be required to have circuits from the normal system.

517.19 Critical Care Areas (A) Patient Bed Location Branch Circuits. Each patient bed location shall be supplied by at 
least two circuits, one or more from the critical branch and one or more from the normal system. At least one branch 
circuit from the emergency panel shall supply a receptacle only at that bed location. Emergency system outlets shall 
also indicate the panel board and circuit breaker number.

517.19 Critical Care Areas (B) Patient bed location 

receptacles. (1) Minimum Number and Supply. Each 
patient bed location shall be provided with a minimum of 
14 receptacles, at least one of which shall be connected 
to either of the following:
(1) The normal system branch circuit required in 517.19(A)
(2) A critical branch circuit supplied by a different transfer 
switch than the other receptacles at the same patient 
bed location

517.19 Critical Care Areas (C) Operating Room Receptacles. (1) Minimum Number and Supply. Each operating room 
shall be provided with a minimum of 36 receptacles, at least 12 of which shall be connected to either of the following:
(1) The normal system branch circuit required in 517.19(A)
(2) A critical branch circuit supplied by a different transfer switch than the other receptacles at the same location.

517.19 Critical Care Areas (C) Operating Room Receptacles. (2) Receptacle Requirements. All receptacles shall 
be listed hospital grade and so identified. The grounding terminal of each receptacle shall be connected to the 
reference grounding point by means of an insulated copper equipment grounding conductor. The grounding 
terminal of each receptacle shall be connected to the reference grounding point by means of an insulated 
copper equipment grounding conductor.

Exam Questions
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19. The equipment grounding terminal bus conductor 

is allowed to be broken in order to terminate on the 

________ bus in each panel board.

A. Isolated equipment grounding terminal
B. Circuit grounding terminal
C. Equipment grounding terminal
D. Grounded terminal

20. What are all branch circuits serving patient care areas 

required to be provided with?

A. Labels
B. Effective ground-fault current path
C. Identified terminals
D. All listed answers

21. What type of receptacles are NOT permitted within a 

patient care vicinity?

A. Any receptacle Orange in color
B. 15 amp
C. Commercial grade
D. Isolated ground receptacles

22. How many circuits are required for each patient bed 

location?

A. II
B. I
C. III
D. No Requirement

 23. How are electrical receptacles or cover plates supplied 

from the critical branch required to be identified?

A. Markings
B. A distinctive color
C. Labels
D. All listed answers

24. A general care patient bed location served from two 

separate transfer switches on the critical branch is 

not required to have an additional circuit from what 

listed system?

A. Normal system
B. Critical system
C. Standby system
D. General care patient bed locations cannot be 

served by a transfer switch

25. How many circuits are required at each patient bed 

location? 

A. One
B. Two
C. Six
D. Three

26. How many receptacles are required at each patient 

bed location?

A. Twelve
B. Ten
C. Eight
D. Fourteen

27. Receptacles at each patient bed location are required 

to be connected to what system?

A. Critical branch
B. Normal system
C. Life safety
D. A or B

28. How many receptacles are required in an operating 

room?

A. 12
B. 36
C. 24
D. 18

29. How many receptacles are required to be connected 

to the normal or critical branch in an operating room?

A. 12
B. 36
C. 24
D. 18

30. What are operating room receptacles required to be 

listed as? 

A. 20 amp
B. Hospital Grade
C. Continuous duty
D. All listed answers
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517.19 Critical Care Areas (G) Isolated power system equipment 

grounding. Where an isolated ungrounded power source is used and 
limits the first fault current to a low magnitude, the equipment grounding 
conductor associated with the secondary circuit shall be permitted to 
run outside of the enclosure of the power conductors in the same circuit. 

517.19 Critical Care Areas (H) Special Purpose Receptacle Grounding. 

The equipment grounding conductor for special purpose outlets, such as 
operation of mobile x-ray equipment, shall be extended to the reference 
grounding points of branch circuits for all locations likely to be served from 
each outlet. Where such a circuit is served from an isolated ungrounded 
system, the grounding conductor shall not be required to be run with the 
power conductors; however the equipment grounding terminal of the 
special purpose outlet shall be connected to the reference grounding point.

517.20 Wet Procedure Locations (A) Receptacles and fixed equipment. 

Wet procedure location patient care areas shall be provided with special 
protection against electric shock by one of the following:
(1) Power distribution system that inherently limits the possible ground fault current due to the first fault to a 

low value, without interrupting the power supply.
(2) Power distribution system in which the power supply is interrupted if the ground fault current does, in fact, 

exceed a value of 6 mA.

517.20 Wet Procedure Locations (B) Isolated Power 

Systems. Where an isolated power system is utilized, 
the isolated power equipment shall be listed as isolated 
power equipment, and the isolated power system shall 
be designed and installed according to 517.160. 

517.21 Ground Fault Circuit Interrupter Protection for 

Personnel. Ground fault circuit interrupter for protection 
of personnel shall not be required for receptacles installed 
in those critical care areas where the toilet and basin are 
installed within the patient room.

517.25 Scope. The essential electrical system for these facilities shall comprise 
a system capable of supplying a limited amount of lighting and power service, 
which is considered essential for life safety and orderly cessation of procedures 
during the time normal electrical service, is interrupted for any reason. This 
includes clinics, medical and dental offices, outpatient facilities, nursing homes, 
limited care facilities, hospitals and other health care facilities serving patients.

517.30 Essential Electrical Systems for Hospitals. (B) (1) Separate Branches. 
Essential electrical systems for hospitals shall be comprised of three separate 
branches capable of supplying a limited amount of lighting and power service 
that is considered essential for life safety and effective hospital operation 
during the time the normal electrical service is interrupted for any reason. 
The three branches are life safety, critical, and equipment.

517.30 Essential Electrical Systems for Hospitals (B)(2) Transfer Switches. The 
number of transfer switches to be used shall be based on reliability, design, 
and load considerations. Each branch of the essential electrical system shall 
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31. If an isolated ungrounded power source is used to 

limit the first fault current to a low magnitude, what 

secondary conductor is allowed to be run outside of 

the enclosure?

A. Grounded conductor
B. Equipment grounding conductor
C. Phase line side conductor
D. Primary load side conductor

32. Where is the equipment grounding conductor for 

mobile x-ray equipment required to be extended?

A. The line side conductors used for the outlet
B. The grounded conductor points of branch circuits 

for all locations 
C. The Service
D. The grounding points of branch circuits for all 

locations likely to be served

33. Wet procedure location patient care areas are required 

to be provided with special protection against what?

A. Harmonics
B. Electric shock
C. Eddy currents
D. All listed answers

34. What is isolated power equipment required to be 

listed as?

A. Hospital Grade
B. Commercial Grade
C. Isolated power equipment
D. Nema 3R

35. Ground fault circuit interrupter for protection of 

personnel where the toilet and basin are installed 

within the patient room is not required in what area?

A. Critical care areas 
B. Out Patient areas
C. Waiting room areas
D. Nursing stations

36. The Essential Electrical Systems are required to do 

what in all health care facilities?

A. Supply a limited amount of lighting and power 
service

B. Supply only equipment power
C. Supply emergency power to only hospitals
D. Supply emergency lighting to dental offices

have one or more transfer switches. One transfer switch and downstream distribution system shall be permitted 
to serve one or more branches in a facility with a maximum demand on the essential electrical system of 150 kVA.

517.30 Essential Electrical Systems for Hospitals (B)(3) Optional Loads. Loads served by the generating 
equipment not specifically named in Article 517 shall be served by their own transfer switches such that the 
following conditions apply:
(1) These loads shall not be transferred if the transfer will overload the generating equipment.
(2) These loads shall be automatically shed upon generating equipment overloading.

517.30 Essential Electrical Systems for Hospitals (C) Wiring Requirements. (1) Separation from Other Circuits. The 
life safety branch and critical branch of the essential electrical system shall be kept entirely independent of all other 
wiring and equipment and shall not enter the same raceways, boxes, or cabinets with each other or other wiring. 

Where general care locations are served from two separate transfer switches on the essential electrical system 
in accordance with 517.18(A), Exception No. 3, the general care circuits from the two separate systems shall be 
kept independent of each other. 

Where critical care locations are served from two separate transfer switches on the essential electrical system 
in accordance with 517.19(A), Exception No. 2, the critical care circuits from the two separate systems shall be 
kept independent of each other.

Exam Questions
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37. How many branches are the Essential electrical systems 

required to be comprised of for hospitals?

A. 4
B. 1
C. 2
D. 3

38. What are the names of the branches that make up the 

Essential Electrical System?

A. Life safety
B. Critical
C. Equipment
D. A and B
E. All listed answers

39. What determines the number of transfer switches to 

be used for the Essential Electrical System?

A. Load considerations
B. Design
C. Reliability
D. All listed answers

40. In General, what would be the minimum amount of 

transfer switches required for the essential electrical 

system?

A. 1
B. 3
C. 2
D. No Requirement

 41. What would be the maximum allowable KVA for the 

essential electrical system to allow just one transfer 

switch to be used?

A. 125 kVA
B. 200 kVA
C. 150 kVA
D. 100 kVA

42. What branches of the essential electrical system are 

required to be installed independent of all other wiring 

and equipment?

A. Equipment branch and critical branch
B. Life safety branch and emergency branch
C. Transfer switch and emergency branch
D. Life safety branch and the critical branch

517.30 Essential Electrical Systems for Hospitals (C) Wiring Requirements (1) Separation from Other Circuits. 

Wiring of the life safety branch and the critical branch shall be permitted to occupy the same raceways, boxes, 
or cabinets of other circuits not part of the branch where such wiring complies with one of the following:
(1)  Is in transfer equipment enclosures
(2)  Is in exit or emergency luminaires supplied from two sources
(3)  Is in a common junction box attached to exit or emergency luminaires 

supplied from two sources
(4)  Is for two or more circuits supplied from the same branch and same 

transfer switch

The wiring of the equipment branch shall be permitted to occupy the 
same raceways, boxes, or cabinets of other circuits that are not part of 
the essential electrical system.

517.30 Essential Electrical Systems for Hospitals (C) Wiring Requirements 

(2) Isolated Power Systems (2) Isolated Power Systems. Where isolated 
power systems are installed in any of the areas in 517.33(A)(1) and (A)(2), 
each system shall be supplied by an individual circuit serving no other load.

517.30 Essential Electrical Systems for Hospitals (C)(3) Mechanical 

Protection of the Essential Electrical System. The wiring of the life safety 
and critical branches shall be mechanically protected. Where installed as 
branch circuits in patient care spaces, the installation shall comply with 
the requirements of 517.13(A) and (B). The following wiring methods 
shall be permitted: 
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(1) Nonflexible metal raceways, Type MI cable, Type RTRC marked with the suffix –XW, or Schedule 80 PVC 
conduit. Nonmetallic raceways shall not be used for branch circuits that supply patient care areas.

(2) Where encased in not less than 50mm (2in) of concrete, Schedule 40 PVC conduit, flexible nonmetallic or 
jacketed metallic raceways, or jacketed metallic cable assemblies listed for installation in concrete. Nonmetallic 
raceways shall not be used for branch circuits that supply patient care areas.

(3) Listed flexible metal raceways and listed metal sheathed cable assemblies in any of the following:
a. Where used in listed prefabricated medical head walls.
b. In listed office furnishings.
c. Where fished into existing walls or ceilings, not otherwise accessible and not subject to physical damage.
d. Where necessary for flexible connection to equipment.

(4) Flexible power cords of appliances or other utilization equipment connected to the emergency system.

(5) Cables for class 2 or class 3 systems permitted by Part VI of this article, with or without raceways.

43. According to article 517, when would it be permissible 

for the life safety branch and the critical branch of the 

essential electrical system to share a common J-box 

with conductors of different systems?

A. If only one circuit is in the box and is dedicated 
to the common panel

B. If no other enclosure penetrates the electrical panel
C. If two or more circuits supplied from the same 

branch and same transfer    switch 
D. There are no exceptions to this rule

44. True or False? The equipment branch of the essential 

electrical system is not allowed to occupy the same 

raceways, boxes, or cabinets of other circuits that are 

not part of the essential electrical system.

A. True
B. False

45. What type of circuit is required to comply 517.33(A)

(1) and (A)(2)?

A. Dedicated
B. Variable voltage
C. Frequency driven
D. One that is identified with distinctive marking(s)

 46. How is the wiring of the life safety and critical branches 

required to be protected?

A. Isolation switching
B. Mechanically
C. Through interlocking means
D. With Edison fuses

47.  What type of raceways are not allowed to be used for 

branch circuits that supply patient care areas?

A. Nonflexible
B. Type MI
C. Nonmetallic
D. Schedule 80 PVC

48. What is the minimum amount of concrete required to 

cover schedule 40 PVC so it can be used in a patient 

care area? 

A. 3 inches
B. 2 inches
C. 4 inches
D. 1 inches

49. Flexible metal raceways and listed metal sheathed 

cable assemblies for a patient care area are allowed 

only in which of the following.

A. Where fished into existing walls or ceilings, not 
otherwise accessible and not subject to physical 
damage.

B. Mechanical rooms
C. Between the emergency and normal power systems
D. Coming out of concrete 

50. What class of Cables for systems permitted by Part VI of 

article 517 can be installed with or without raceways?

A. Class 3 or class 4
B. Class 1 or class 3
C. Class 2 or class 4
D. Class 2 or class 3

Exam Questions
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517.30 Essential Electrical Systems for Hospitals (D) Capacity of Systems. The essential electrical system shall 
have the capacity and rating to meet the maximum actual demand likely to be produced by the connected 
load. Feeders shall be sized in accordance with 215.2 and Part III of Article 220. The generator set(s) shall have 
the capacity and rating to meet the demand produced by the load at any given time. Demand calculations for 
sizing of the generator set(s) shall be based on any of the following:
(1) Prudent demand factors and historical data
(2) Connected load
(3) Feeder calculations based on Article 220
(4) Any combination of above.

The sizing requirements in 700.4 and 701.4 shall not apply to hospital generator sets.

517.30 Essential Electrical Systems for Hospitals (E) Receptacle Identification. The cover plates for the electrical 
receptacles or the electrical receptacles themselves supplied from the essential electrical system shall have a 
distinctive color or marking so as to be readily identifiable.

517.32 Life Safety Branch. No function other than those 
listed in 517.32 (A) through (H) shall be connected to the 
life safety branch. The life safety branch of the essential 
electrical system shall supply power for the following 
lighting, receptacles, and equipment.

517.32 Life Safety Branch (A) Illumination of Means 

of Egress. Illumination of means of egress, such as 
lighting required for corridors, passageways, stairways, 
and landings at exit doors, and all necessary ways of 
approach to exits. Switching arrangements to transfer 
patient corridor lighting in hospitals from general 
illumination circuits to night illumination circuits shall be permitted, provided only one of the two circuits can 
be selected and both circuits cannot be extinguished at the same time.

517.31 Life Safety Branch (B) Exit Signs. Exit signs and directional signs will be connected to the life safety 
branch of the emergency system.

517.32 Life Safety Branch (C) Alarm and Alerting Systems. Alarm and alerting systems including all of the following:
(1) Fire alarms
(2) Alarms required for systems used for the piping of nonflammable medical gases.
(3) Mechanical, control, and other accessories required for 

effective life safety systems operation shall be permitted 
to be connected to the life safety branch.

517.32 Life Safety Branch (D) Communication Systems. 

Hospital communications systems, where used for issuing 
instructions during emergency conditions can be connected 
to the life safety branch.

517.33 Critical Branch (A) Task Illumination and Selected 

Receptacles. The critical branch of the essential electrical system 
shall supply power for task illumination, fixed equipment, 
selected receptacles, and special power circuits serving the 
following areas and functions related to patient care: 
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(1) Critical care areas that utilize anesthetizing gases – task illumination, selected receptacles, and fixed equipment.
(2) The isolated power system in special environments.
(3) Patient care areas – task illumination and selected receptacles in the following areas:

(a) Infant nurseries
(b) Medication preparation areas
(c) Pharmacy dispensing areas
(d) Selected acute nursing areas
(e) Psychiatric bed areas (omit receptacles)
(f ) Ward treatment rooms
(g) Nurses’ stations (unless adequately lighted by corridor luminaries)
(4) Additional specialized patient care task illumination and receptacles, where needed.
(5) Nurse call system
(6) Blood, bone, and tissue banks
(7) Telephone and data equipment rooms and closets
(8) Task illumination, selected receptacles, and selected power circuits for the following:
(a) General care beds (at least one duplex receptacle in each patient bedroom)
(b) Angiographic labs
(c) Cardiac catheterization labs
(d) Coronary care units
(e) Hemodialysis rooms or areas
(f ) Emergency room treatment areas (selected)
(g) Human physiology labs
(h) Intensive care units
(i) Postoperative recovery rooms (selected)

(9) Additional task illumination, receptacles, and selected power circuits needed for effective hospital operation. 
Single-phase fractional horsepower motors shall be permitted to be connected to the critical branch.

51. The essential electrical system is required to have 

adequate capacity to meet what for its connected loads?

A. The capacity for all battery backed up loads
B. Minimum for life safety branches
C. Maximum actual demand 
D. Emergency and all its normal operating systems

52. The demand calculations in article 517 for the sizing 

of generator conductor set(s) is required to be based 

on which of the following?

A. Connected load
B. Feeder calculations based on Article 220
C. Prudent demand factors and historical data
D. All listed answers

 53. How are the cover plates for the essential electrical 

system required to be identified?

A. Red
B. Marked with a label as ‘EES”
C. Just be different from the rest in some way
D. Any listed answer

54. The life safety branch of the essential electrical system 

is required to supply power for lighting, ________, 

and equipment.

A. Devices
B. Switches
C. Receptacles
D. Enclosures

Exam Questions
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55. What branch of the essential electrical system is 

required for all necessary ways of approach to exits?

A. Critical
B. Life Safety
C. Equipment
D. Any listed answer

56. Switching from day illumination to night illumination 

circuits for hospital corridor lighting is acceptable if 

what happens? 

A. Both are on
B. Both are off
C. Only one of the two circuits can be selected
D. Both circuits can be switched simultaneously

57. What branch of the essential electrical system is 

required to be used for all exit and directional signs 

used in health care facilities?

A. Critical branch
B. Life safety branch
C. Equipment branch
D. Emergency branch

58. Mechanical, control, and other accessories required 

for effective ________ operations in article 517 are 

required to be connected to the life safety branch.

A. Life safety system
B. Critical System
C. Illumination
D. Any listed answer

59. What is the function of a hospital communication 

system?

A. Issuing instructions during normal operations
B. Paging of staff members
C. Issuing instructions during emergency conditions 
D. Communication between doctors and other staff 

members.

60. The critical branch of the essential electrical system 

is required to supply power for patient care areas. 

Which of the following is not a patient care area?

A. Medication preparation areas
B. General waiting rooms and corridors
C. Psychiatric bed areas
D. Infant nurseries

61. Task illumination, selected receptacles, and selected 

power circuits for General care beds provide power for?

A. All lighting in patient rooms
B. All receptacles adjacent to bed location
C. Hallway receptacles closest to nurse’s station
D. At least one duplex receptacle in each patient 

bedroom

62. What type of fractional horsepower motors are 

permitted to be connected to the critical branch?

A. Three phase
B. Large
C. Single-phase
D. Over 1000 volts nominal AC

517.33 Critical Branch (B) Subdivision of the Critical Branch It shall be permitted to subdivide the critical 

branch into two or more branches.

Informational Note: It is important to analyze the consequences of supplying an area with only critical care 
branch power when failure occurs between the area and the transfer switch. Some proportion of normal and 
critical power or critical power from separate transfer switches may be appropriate.

517.34 Equipment System Connection to Alternate Power Source. The equipment system shall be installed 
and connected to the alternate power source such that the equipment described in 517.34(A) is automatically 
restored to operation at appropriate time-lag intervals following the energizing of the emergency system. Its 
arrangement shall also provide for the subsequent connection of equipment described in 517.34(B).

Exception: For essential electrical systems less than 150 kVA, deletion of the time-lag intervals feature for delayed 
automatic connection to the equipment system shall be permitted.

517.34 Equipment System Connection to Alternate Power Source (A) Equipment for Delayed Automatic 

Connection. The following equipment shall be permitted to be arranged for delayed automatic connection to 
the alternate power source:
1) Central suction systems serving medical and surgical functions, including controls. Such suction systems 

shall be permitted on the critical branch.
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(2)  Sump pumps and other equipment required to operate for the safety of major apparatus, including associated 
control systems and alarms.

(3)  Compressed air systems serving medical and surgical functions, including controls. Such air systems shall 
be permitted on the critical branch.

(4)  Smoke control and stair pressurization systems, or both.
(5)  Kitchen hood supply or exhaust systems, or both, if required to operate during a fire in or under the hood.
(6)  Supply, return, and exhaust ventilating systems for airborne infectious/isolation rooms, protective environment 

rooms, exhaust fans for laboratory fume hoods, nuclear medicine areas where radioactive material is used, 
ethylene oxide evacuation, and anesthesia evacuation. Where delayed automatic connection is not appropriate; 
such ventilation systems shall be permitted to be placed on the critical branch.

(7)  Supply, return, and exhaust ventilating systems for operating and delivery rooms.
(8)  Supply, return, exhaust ventilating systems and/or air-conditioning systems serving telephone equipment 

rooms and closets and data equipment rooms and closets.

Exception: Sequential delayed automatic connection to the alternate power source to prevent overloading the 
generator shall be permitted where engineering studies indicate it is necessary.

517.34 Equipment System Connection to Alternate Power Source (B) Equipment for Delayed Automatic or 

Manual Connection. The following equipment shall be permitted to be arranged for either delayed automatic 
or manual connection to the alternate power source:
(1) Heating equipment to provide heating for operating, delivery, labor, recovery, intensive care, coronary care, 

nurseries, infection/isolation rooms, emergency treatment spaces, and general patient rooms and pressure 
maintenance (jockey or make-up) pump(s) for water based fire protection systems.

Exception: Heating of general patient rooms and infection/
isolation rooms during disruption of the normal source shall 
not be required under any of the following conditions:

(1)  The outside design temperature is higher than −6.7°C 
(20°F).

(2)  The outside design temperature is lower than −6.7°C (20°F), 
and where a selected room(s) is provided for the needs of 
all confined patients, only such room(s) need be heated.

(3)  The facility is served by a dual source of normal power.

Informational Note No. 1: The design temperature is based 
on the 971⁄2 percent design value as shown in Chapter 24 
of the ASHRAE Handbook of Fundamentals (1997).

Informational Note No. 2: For a description of a dual source of normal power, see 517.35(C) Informational Note.

(1)  Heating equipment to provide heating for operating, delivery, labor, recovery, intensive care, coronary care, 
nurseries, infection/isolation rooms, emergency treatment spaces, and general patient rooms and pressure 
maintenance (jockey or make-up) pump(s) for water-based fire protection systems.

(2)  An elevator(s) selected to provide service to patient, surgical, obstetrical, and ground floors during interruption 
of normal power. In instances where interruption of normal power would result in other elevators stopping 
between floors, throw-over facilities shall be provided to allow the temporary operation of any elevator for 
the release of patients or other persons who may be confined between floors.

(3)  Hyperbaric facilities.

(4)  Hypobaric facilities.
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63. What is permissible for the critical branch of the 

essential electrical system to be subdivided into?

A. Two or more branches
B. A Supplemental circuit
C. Exit sign circuit
D. Stairwell emergency lighting

 64. Where is the equipment branch required to be 

connected?

A. UPS System
B. Critical Branch
C. Alternate power source
D. General waiting rooms and corridors

65. Which of the following equipment is not permitted 

to be arranged for delayed automatic connection to 

the alternate power source with regards to health 

care facilities?

A. Lighting control panels in critical care areas
B. Sump pumps and other equipment required to 

operate for the safety of major apparatus
C. Smoke control and stair pressurization systems, 

or both
D. Central suction systems serving medical and 

surgical functions, including controls

66. What type of sequential automatic connection to the 

alternate power source to prevent overloading the 

generator in a health care facility is permitted where 

engineering studies indicate it is necessary?

A. Relayed
B. Delayed
C. Bypassed
D. Ramp-up

67. Article 517 does not allow what listed equipment to 

be arranged for either delayed automatic or manual 

connection to the alternate power source.

A. Neo natal infant care unit machines
B. Automatically operated doors
C. Hypobaric facilities
D. Hyperbaric facilities

Exam Questions

(5)  Automatically operated doors
(6)  Minimal electrically heated autoclaving equipment shall be permitted to be arranged for either automatic 

or manual connection to the alternate source.
(7)  Controls for equipment listed in 517.34.
(8)  Other selected equipment shall be permitted to be served by the equipment system.

517.34 Equipment System Connection to Alternate Power Source (C) AC Equipment for No delayed Automatic 

Connection. Generator accessories, including but not limited to, the transfer fuel pump, electrically operated 
louvers, and other generator accessories essential for generator operation, shall be arranged for automatic 
connection to the alternate power source.

517.35 Sources of Power (A) Two Independent Sources of Power. Essential electrical systems shall have a 
minimum of two independent sources of power: a normal source generally supplying the entire electrical 
system and one or more alternate sources for use when the normal source is interrupted.

517.35 Sources of Power (B) Alternate Source of Power. The alternate source of power shall be one of the following:
(1) Generator(s) driven by some form of prime mover(s) and located on the premises
(2) Another generating unit(s) where the normal source consists of a generating unit(s) located on the premises
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(3) An external utility service when the normal source 
consists of a generating unit(s) located on the premises

(4) A battery system located on the premises

517.35 Sources of Power (C) Location of Essential 

Electrical System Components. Careful consideration 
shall be given to the location of the spaces housing 
the components of the essential electrical system 
to minimize interruptions caused by natural forces 
common to the area (e.g., storms, floods, earthquakes, 
or hazards created by adjoining structures or activities). 
Consideration shall also be given to the possible 
interruption of normal electrical services resulting from 
similar causes as well as possible disruption of normal electrical service due to internal wiring and equipment 
failures. Consideration shall be given to the physical separation of the main feeders of the alternate source from 
the main feeders of the normal electrical source to prevent possible simultaneous interruption.

517.40 Essential Electrical Systems for Nursing Homes and Limited Care Facilities (B) Inpatient Hospital 

Care Facilities. For nursing homes and limited care facilities that admit patients who need to be sustained by 
electrical life support equipment, the essential electrical system from the source to the portion of the facility 
where such patients are treated shall comply with the requirements of Part III, 517.30 through 517.35.

517.40 Essential Electrical Systems for Nursing Homes and Limited Care Facilities (A) Applicability. The 
requirements of Part III, 517.40(C) through 517.44, shall apply to nursing homes and limited care facilities. 

Exception: The requirements of Part III, 517.40(C) through 517.44, shall not apply to freestanding buildings used as 
nursing homes and limited care facilities, provided that the following apply:
(a)  Admitting and discharge policies are maintained that preclude the provision of care for any patient or 

resident who may need to be sustained by electrical life-support equipment.
(b)  No surgical treatment requiring general anesthesia is offered.
(c)  An automatic battery-operated system(s) or equipment is provided that shall be effective for at least 1½ hours 

and is otherwise in accordance with 700.12 and that shall be capable of supplying lighting for exit lights, exit 
corridors, stairways, nursing stations, medical preparation areas, boiler rooms, and communications areas. 
This system shall also supply power to operate all alarm systems.

517.40 Sources of Power (C) Facilities Contiguous or Located on the 

Same Site with Hospitals. Nursing homes and limited care facilities that are 
contiguous or located on the same site with a hospital shall be permitted 
to have their essential electrical systems supplied by that of the hospital.

Informational Note: For performance, maintenance, and testing 
requirements of essential electrical systems in nursing homes and 
limited care facilities, see NFPA 99-2012, Health Care Facilities Code.

517.41 Essential Electrical Systems (A) General. Essential electrical 
systems for nursing homes and limited care facilities shall be comprised 
of two separate branches capable of supplying a limited amount 
of lighting and power service, which is considered essential for the 
protection of life safety and effective operation of the institution during 
the time normal electrical service is interrupted for any reason. These two 
separate branches shall be the life safety branch and the critical branch.
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68. What type of connection are generator accessories 

essential for generator operation required to me made 

to the alternate power source?

A. Solidly grounded
B. Manual
C. Automatic
D. Remote

69. What is the minimum amount of independent power 

sources required to make up the essential electrical 

system?

A. Three
B. One
C. Five
D. Two

70. What do all alternate power sources of the essential 

electrical system have in common?

A. All are green energy
B. All are generator power
C. All must be on the premises
D. All are Utility driven

 71. Careful consideration must be given to the location 

of the essential electrical system components to 

minimize interruptions due to what?

A. Regular scheduled maintenance
B. Natural forces 
C. Load demands
D. Life safety circuits

72. Nursing homes and limited care facilities that admit 

patients who need to be sustained by life support 

equipment are required to comply with what part of 

article 517?

A. III
B. II
C. IV
D. VI

73. What does section 517.40(C) through 517.44 apply to?

A. Emergency rooms
B. Limited care facilities
C. Patient care areas
D. Operating rooms

74. A freestanding building used as a nursing home 

containing automatic battery-operated equipment is 

required to supply power for a minimum of ________ 

hour(s) after power is lost.

A. 2
B. ½
C. 1 ½
D. 3

75. Patients who need to be sustained by electrical life 

support equipment in a nursing home are required 

to have that portion installed as per the requirements 

of what part of article 517? 

A. IV
B. II
C. V
D. III

 76. A ________ that is contiguous to a hospital is allowed 

to have its essential electrical system supplied by the 

hospital.

A. Pharmacy
B. Nursing home
C. ICU
D. Medical clinic

77. A limited care facilities essential electrical system 

is required to be comprised of how many separate 

branches?

A. 1
B. 4
C. 3
D. 2

Exam Questions

517.41 Essential Electrical Systems (B) Transfer Switches. The number of transfer switches to be used shall 
be based on reliability, design, and load considerations. Each branch of the essential electrical system shall be 
served by one or more transfer switches. One transfer switch shall be permitted to serve one or more branches 
or systems in a facility with a maximum demand on the essential electrical system of 150 kVA. 
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517.41 Essential Electrical Systems (C) Capacity of System. The essential 
electrical system shall have adequate capacity to meet the demand for the 
operation of all functions and equipment to be served by each branch at one time.

517.41 Essential Electrical Systems (D) Separation from Other Circuits. 
The life safety branch shall be kept entirely independent of all other wiring 
and equipment and shall not enter the same raceways, boxes, or cabinets 
with other wiring except as follows:
(1) In transfer switches
(2) In exit or emergency luminaries supplied from two sources
(3) In a common junction box attached to exit or emergency luminaries 

supplied from two sources

The wiring of the critical branch shall be permitted to occupy the same raceways, 
boxes, or cabinets of other circuits that are not part of the life safety branch.

517.41 Essential Electrical Systems (E) Receptacle Identification. The cover 
plates for the electrical receptacles or the electrical receptacles themselves 
supplied from the essential electrical system shall have a distinctive color or 
marking so as to be readily identifiable.  Nonlocking-type, 1 25-volt, 15- and 20-ampere receptacles shall have 
an illuminated face or an indicator light to indicate that there is power to the receptacle.

517.42 Automatic Connection to Life Safety Branch. The life safety branch shall be installed and connected to 
the alternate source of power so that all functions specified herein shall be automatically restored to operation 
within 10 seconds after the interruption of the normal source. No functions other than those listed in 517.42(A) 
through (G) shall be connected to the life safety branch. The life safety branch shall supply power for the following 
lighting, receptacles, and equipment.

517.42 Automatic Connection to Life Safety Branch (A) Illumination of Means of Egress. The illumination of means 
of egress as is necessary for corridors, passageways, stairways, landings, and exit doors and all ways of approach to 
exits. Switching arrangement to transfer patient corridor lighting from general illumination circuits shall be permitted, 
providing only one of two circuits can be selected and both circuits cannot be extinguished at the same time.

517.42 Automatic Connection to Life Safety Branch (B) Exit Signs. Exit signs and exit directional signs shall 
be connected to the life safety branch.

517.42 Automatic Connection to Life Safety Branch (C) Alarm and Alerting Systems. The alarm and alerting 
systems connected to the life safety branch circuit including the following:
(1) Fire alarms
(2) Alarms required for systems used for the piping of nonflammable medical gases

517.42 Automatic Connection to Life Safety Branch (D) 

Communications Systems. The communications systems, where 
used for issuing instructions during emergency conditions.

517.42 Automatic Connection to Life Safety Branch (E) 

Dining and Recreation Areas. Sufficient lighting in dining 
and recreation areas to provide illumination to exit ways.

517.42 Automatic Connection to Life Safety Branch (F) 

Generator Set Location. Task illumination and selected 
receptacles in the generator set location.
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78. What determines the number of transfer switches to 

be used for a limited care facilities Essential Electrical 

System?

A. Load considerations
B. Design
C. Reliability
D. All listed answers

79. The essential electrical system in a nursing home 

is required to have adequate capacity for what 

listed option? 

A. Have interlocking disconnects
B. Power all branches simultaneously
C. Meet the demand for the operation of all functions 

and equipment to be served by each branch at 
one time.

D. All listed answers

80. How is the life safety branch of the essential electrical 

system in a nursing home is required to be installed?

A. Separated from all other wiring and equipment
B. Combined and identified from all other wiring 

and equipment
C. Combined with the equipment branch raceway 
D. No Special requirements

 81. What branch is permitted to occupy the same raceways, 

boxes, or cabinets of other circuits that are not part 

of the life safety branch?

A. Life support
B. Emergency
C. Critical 
D. Life safety

82. How are the cover plates for the essential electrical 

system in a limited care facility required to be identified?

A. Red
B. Marked with a label as ‘EES”
C. Just be different from the rest in some way
D. Any listed answer

83. What is the maximum time the life safety branch 

circuit has to automatically restore power after the 

interruption of the normal source occurs?

A. 20 seconds
B. 10 seconds
C. 30 seconds
D. 15 seconds

 84. What branch of the essential electrical system is 

required for all necessary ways of approach to exits 

in nursing homes?

A. Critical
B. Life Safety
C. Equipment
D. Any listed answer

85. Switching from day illumination to night illumination 

circuits for nursing home corridor lighting is acceptable 

if what happens? 

A. Both are on
B. Both are off
C. Only one of the two circuits can be selected
D. Both circuits can be switched simultaneously

86. What branch of the essential electrical system is 

required to be used for all exit and directional signs 

used in limited care facilities?

A. Critical branch
B. Life safety branch
C. Equipment branch
D. Emergency branch

Exam Questions

517.42 Automatic Connection to Life Safety Branch (G) Elevators. Elevator cab lighting, control, communications, 
and signal systems. 

517.43 Connection to Critical Branch. The critical branch shall be installed and connected to the alternate power 
source so that the equipment listed in 517.43(A) shall be automatically restored to operation at appropriate time-
lag intervals following the restoration of the life safety branch to operation. Its arrangement shall also provide 
for the additional connection of equipment listed in 517.43(B) by either delayed automatic or manual operation.
Exception: For essential electrical systems under 150 kVA, deletion of the time-lag intervals feature for delayed 
automatic connection to the equipment system shall be permitted.
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86. What systems of life safety branch circuit are a nursing 

homes elevator required to power? 

A. Communications
B. Signal systems
C. Cab lighting
D. All listed answers

87. Which of the following is NOT required to be connected 

to the life safety branch in a limited care facility?

A. Generator set
B. Elevators
C. Parking lot lights
D. Dining and recreation

88. What is the maximum KVA that deletion of the time-

lag intervals feature for delayed automatic connection 

to the equipment branch is permitted?

A. 150 kVA
B. 200 kVA
C. 100 kVA
D. 500 kVA

517.43 Connection to Critical Branch (A) Delayed Automatic Connection. The following equipment shall be 
permitted to be connected to the critical branch and shall be arranged for delayed automatic connection to 
the alternate power source:
(1) Patient care areas — task illumination and selected 

receptacles in the following:
a. Medication preparation areas
b. Pharmacy dispensing areas
c. Nurses’ stations (unless adequately lighted by 

corridor luminaries)
(2) Sump pumps and other equipment required to operate 

for the safety of major apparatus and associated control 
systems and alarms

(3) Smoke control and stair pressurization systems
(4) Kitchen hood supply and/or exhaust systems, if 

required to operate during a fire in or under the hood
(5) Supply, return, and exhaust ventilating systems for airborne infectious isolation rooms

517.43 Connection to Critical Branch (B) Delayed Automatic or Manual Connection. The following equipment 
shall be permitted to be connected to the critical branch circuit and shall be arranged for either delayed automatic 
or manual connection to the alternate power source:
(1) Heating equipment to provide heating for patient rooms.

Exception: Heating of general patient rooms during disruption of the normal source shall not be required under any 
of the following conditions:
(1) The outside design temperature is higher than −6.7°C (20°F).
(2) The outside design temperature is lower than −6.7°C (20°F) and where a selected room(s) is provided for 

the needs of all confined patients, only such room(s) need be heated.
(3) The facility is served by a dual source of normal power as described in 517.44(C), Informational Note.

Informational Note: The outside design temperature is based on the 971⁄2 percent design values as shown in 
Chapter 24 of the ASHRAE Handbook of Fundamentals (1997).
(2)  Elevator service — in instances where disruption of power would result in elevators stopping between floors, 

throw-over facilities shall be provided to allow the temporary operation of any elevator for the release of 
passengers. For elevator cab lighting, control, and signal system requirements, see 517.42(G).
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89. Which of the following does NOT have to be connected 

to the delayed automatic connection of the critical 

branch circuit?

A. Waiting rooms
B. Pharmacy dispensing areas
C. Medication preparation areas
D. Nurses’ stations (unless adequately lighted by 

corridor luminaries)

90. Sump pumps are some of the equipment permitted to 

be connected to the ______ and arranged for auto delay.

A. Life safety
B. Critical branch
C. Emergency power
D. Equipment Branch

91. What chapter of the ASHRAE Handbook of Fundamentals 

is the outside design temperature based on?

A. 35 
B. 24 
C. 20 
D. 25 

92. What do throw-over facilities allow? 

A. Equipment operation for medical gas equipment
B. The temporary operation of any elevator for the 

release of passengers
C. Escalator power and function during a power loss 

situation
D. Annunciator panels for nursing stations 

93. How many sources is the essential electrical system 

of a limited care facility required to be comprised of?

A. 1
B. 3
C. 2
D. A limited care facility does not require an essential 

electrical system

Exam Questions

(3)  Additional illumination, receptacles, and equipment shall be permitted to be connected only to the critical branch.

517.44 Sources of Power (A) Two Independent Sources of Power. The essential electrical systems shall have 
a minimum of two independent sources of power: a normal source generally supplying the entire electrical 
system and one or more alternate sources for use when the normal source is interrupted.

517.44 Sources of Power (B) Alternate Source of Power. The alternate source 
of power shall be a generator(s) driven by some form of prime mover(s) and 
located on the premises.

Exception No. 1: Where the normal source consists of generating units on the premises, 
the alternate source shall be either another generator set or an external utility service.

Exception No. 2: Nursing homes or limited care facilities meeting the requirement 
of 517.40(A) and other health care facilities meeting the requirement of 517.45 
shall be permitted to use a battery system or self-contained battery integral 
with the equipment.

517.44 Sources of Power (C) Location of Essential Electrical System 

Components. Careful consideration shall be given to the location of 
the spaces housing the components of the essential electrical system to 
minimize interruptions caused by natural forces common to the area (e.g., 
storms, floods, earthquakes, or hazards created by adjoining structures 
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94. Where is the generator that feeds an inhalation 

anesthetizing location required to be located?

A. 150 feet minimum from the area
B. There is no requirement for inhalation anesthetizing 

locations
C. On the premises
D. Within sight of the location

95. What class and division do flammable anesthetics 

fall under? 

A. Class 1 Division 3
B. Class 1 Division 1
C. Class 2 Division 2
D. Class 2 Division 1

Exam Questions

or activities). Consideration shall also be given to the possible interruption of normal electrical services 
resulting from similar causes as well as possible disruption of normal electrical service due to internal wiring 
and equipment failures.

Informational Note: Facilities in which the normal source of power is supplied by two or more separate central 
station-fed services experience greater than normal electrical service reliability than those with only a single feed. 
Such a dual source of normal power consists of two or more electrical services fed from separate generator sets 
or a utility distribution network that has multiple power input sources and is arranged to provide mechanical 
and electrical separation so that a fault between the facility and the generating sources will not likely cause an 
interruption of more than one of the facility service feeders.

517.45 Essential Electrical Systems for Other Health Care Facilities. (A) Essential Electrical Distribution. The 
essential electrical distribution system shall be a battery or generator system.

517.45 Essential Electrical Systems for Other Health Care Facilities. (B) Electrical Life Support Equipment. 

Where electrical life support equipment is required, the essential electrical distribution system shall be as 
described in 517.30 through 517.35

517.45 Essential Electrical Systems for Other Health Care Facilities. (C) Critical Care Areas. Where critical care 
areas are present, the essential electrical distribution system shall be as described in 517.30 through 517.35.

517.45 Essential Electrical Systems for Other Health Care 

Facilities. (D) Power Systems. Battery systems shall be installed in 
accordance with the requirements of Article 700, and generator 
systems shall be as described in 517.30 through 517.35.

517.60 Anesthetizing Location Classification (A) Hazardous 

(Classified) Location. (1) Use Location. In a location where 
flammable anesthetics are employed, the entire area shall be 
considered to be a Class I, Division 1 location that extends 
upward to a level 1.52 m (5 ft) above the floor. The remaining 
volume up to the structural ceiling is considered to be above 
a hazardous (classified) location.

517.45 Essential Electrical Systems for Other Health Care Facilities. (2) Storage Location. Any room or location 
in which flammable anesthetics or volatile flammable disinfecting agents are stored shall be considered to be 
a Class I, Division 1 location from floor to ceiling.
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 96. The location of the essential electrical system for 

inhalation anesthetizing locations is required to be 

located to minimize the effects caused by ________ 

common to the area.

A. Natural forces
B. Short circuiting
C. Over current surge suppressors
D. Utility Surging

97. The essential electrical distribution system for an 

inhalation anesthetizing location is required to be a 

________ or generator system.

A. Solar
B. Battery
C. Steam Power boiler 
D. Nuclear

98. How high does the classification area extend vertically 

above flammable anesthetics use locations? 

A. To the ceiling
B. 7 feet
C. 5 feet
D. 10 feet

99. How high does the classification area extend vertically 

above flammable anesthetics storage locations? 

A. To the ceiling
B. 7 feet
C. 5 feet
D. 10 feet

517.60 Anesthetizing Location Classification (B) Other-Than-Hazardous (Classified) Location. Any inhalation 
anesthetizing location designated for the exclusive use of nonflammable anesthetizing agents shall be considered 
to be an other-than-hazardous (classified) location.

517.61 Wiring and Equipment (A) Within Hazardous (Classified) Anesthetizing Locations.

(1) Isolation. Except as permitted in 517.160, each power circuit within, or partially within, a flammable 
anesthetizing location as referred to in 517.60 shall be isolated from any distribution system by the use of an 
isolated power system.

(2) Design and Installation. Where an isolated power system is utilized, the isolated power equipment shall 
be listed as isolated power equipment and the isolated power system shall be designed and installed in 
accordance with 517.160.

(3) Equipment Operating at More Than 10 Volts. In hazardous (classified) locations referred to in 517.60, all fixed 
wiring and equipment and all portable equipment, including lamps and other utilization equipment, operating at 
more than 10 volts between conductors shall comply with the requirements 
of 501.1 through 501.25, and 501.100 through 501.150, and 501.30(A) 
and 501.30(B) for Class I, Division 1 locations. All such equipment shall be 
specifically approved for the hazardous atmospheres involved. 

(4) Extent of Location. Where a box, fitting, or enclosure is partially, but 
not entirely, within a hazardous (classified) location(s), the hazardous 
(classified) location(s) shall be considered to be extended to include the 
entire box, fitting, or enclosure.

(5) Receptacles and Attachment Plugs. Receptacles and attachment 
plugs in a hazardous (classified) location(s) shall be listed for use in Class 
I, Group C hazardous (classified) locations and shall have provision for 
the connection of a grounding conductor.

(6) Flexible Cord Type. Flexible cords used in hazardous (classified) 
locations for connection to portable utilization equipment, including 
lamps operating at more than 8 volts between conductors, shall be of a 
type approved for extra hard usage in accordance with Table 400.4 and 
shall include an additional conductor for grounding.
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100. What type of location is an inhalation anesthetizing 

location designated for the exclusive use of 

nonflammable anesthetizing agents know as?

A. Patient examination location
B. Class 1 Division 1
C. Nonflammable classified area
D. Other-than-hazardous (classified) location

101. What type of power supply do power circuits in 

or partially in a flammable anesthetizing location 

required to have?

A. Variable current
B. Direct Current
C. Single phase
D. Isolated

102. What section requires a flammable anesthetizing 

location to be isolated from any other distribution 

systems?

A. 517.61
B. 517.60
C. 517.32
D. 517.61(A)(7)

103. What is the maximum voltage between conductors 

that portable hospital equipment used in a hazardous 

location can be operated at without having to meet 

the requirements of article 501.30(A)?

A. 12
B. 10
C. 11
D. 24

104. What class and group are receptacles including 

attaching plugs required to be listed for when used 

in a hazardous location? 

A. Class 2, Group D
B. Class 1, Group C
C. Class 1, Group A
D. Class 2, Group C

105. If a 60 amp receptacle and attachment plug are used 

above hazardous locations, the 60 amp plug is allowed 

to receive what listed amperage?

A. 60 amps only
B. 50 amps only
C. Both 50 & 60 amps
D. No special requirement

Exam Questions

(7) Flexible Cord Storage. A storage device for the flexible cord shall be provided and shall not subject the cord 
to bending at a radius of less than 75 mm (3 in.).

517.61 Wiring and Equipment (B)(6) Above Hazardous (Classified) Anesthetizing Locations. Receptacles and 
attachment plugs rated 250 volts, for connection of 50- ampere and 60-ampere ac medical equipment for use 
above hazardous (classified) locations, to be arranged so that the 60-ampere receptacle will accept either the 
50-ampere or the 60-ampere plug. Fifty ampere receptacles shall be designed so as not to accept the 60-ampere 
attachment plug. The attachment plugs shall be of the 2-pole, 3-wire design with a third contact connecting 
to the insulated (green or green with yellow stripe) equipment grounding conductor of the electrical system.

517.63 Grounded Power Systems in Anesthetizing Locations (A) Battery-Powered Lighting Units. One or 
more battery-powered lighting units shall be provided and shall be permitted to be wired to the critical lighting 
circuit in the area and connected ahead of any local switches.

517.63 Grounded Power Systems in Anesthetizing Location (B) Branch-Circuit Wiring. The branch circuits 
supplying only listed, fixed, therapeutic and diagnostic equipment, permanently installed above the hazardous 
(classified) location and in other-than-hazardous (classified) locations, shall be permitted to be supplied from 
a normal grounded service, single- or three-phase system, provided the following apply:

(1)  Wiring for grounded and isolated circuits does not occupy the same raceway or cable.

(2)  All conductive surfaces of the equipment are connected to an equipment grounding conductor.
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(3)  Equipment (except enclosed X-ray tubes and the leads to the 
tubes) is located at least 2.5 m (8 ft) above the floor or outside 
the anesthetizing location.

(4)  Switches for the grounded branch circuit are located outside the 
hazardous (classified) location. 

Exception: Sections 517.63(B)(3) and (B)(4) shall not apply in other-than-
hazardous (classified) locations.

517.63 Grounded Power Systems in Anesthetizing Location (C) 

Fixed Lighting Branch Circuits. The branch circuits supplying only 
fixed lighting shall be permitted to be supplied by a normal grounded 
service provided the following apply:

(1)  Such luminaries are located at least 2.5 m (8 ft) above the floor.

(2) All conductive surfaces of luminaries are connected to an 
equipment grounding conductor.

(3) Wiring for circuits supplying power to luminaries does not occupy 
the same raceway or cable for circuits supplying isolated power.

(4) Switches are wall-mounted and located above hazardous (classified) locations.

517.63 Grounded Power Systems in Anesthetizing Location (D) Remote-Control Stations. Wall-mounted 
remote-control stations for remote-control switches operating at 24 volts or less shall be permitted to be 
installed in any anesthetizing location.

517.63 Grounded Power Systems in Anesthetizing Location (E) Location of Isolated Power Systems. Where 
an isolated power system is utilized, the isolated power equipment shall be listed as isolated power equipment. 
Isolated power system equipment and its supply circuit shall be permitted to be located in an anesthetizing location, 
provided it is installed above a hazardous (classified) location or in other-than-hazardous (classified) location.

517.64 Low-Voltage Equipment and Instruments. (A) Equipment Requirements. Low-voltage equipment 
that is frequently in contact with the bodies of persons or has exposed current-carrying elements to comply 
with one of the following:

(1) Operate on an electrical potential of 10 volts or less

(2) Be approved as intrinsically safe or double-insulated equipment

(3) Be moisture resistant

517.64 Low-Voltage Equipment and Instruments (B) Power Supplies. Power that is to be supplied to low-
voltage equipment to comply with one of the following:

(1)  An individual portable isolating transformer (autotransformers shall not be used) connected to an isolated 
power circuit receptacle by means of an appropriate cord and attachment plug

(2) A common low-voltage isolating transformer installed in other-than-hazardous (classified) location

(3) Individual dry-cell batteries

(4) Common batteries made up of storage cells located in other-than-hazardous (classified) location

517.64 Low-Voltage Equipment and Instruments (C) Isolated Circuits. Isolating-type transformers for supplying 
low-voltage circuits shall have both of the following:

(1)  Approved means for insulating the secondary circuit from the primary circuit
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106. How many battery powered lighting units are required 

in anesthetizing locations?

A. One
B. Three
C. Two
D. Five

107. How many provisions must be met for the branch 

circuits that supply fixed listed therapeutic equipment 

above hazardous locations so they can be supplied 

from a normal grounded service?

A. 3
B. 2
C. 4
D. 5

108. Fixed luminaries in anesthetizing locations powered 

by a normal grounded service must be at least 

________above the floor.

A. 10ft
B. 6ft
C. 9ft
D. 8ft

109. What is the maximum voltage where all wall-mounted 

remote-control stations for remote-control switches in 

anesthetizing locations can be installed in any location?

A. 28 Volts
B. 24 volts
C. 30 Volts
D. 36 Volts

110. What is isolated power system equipment required 

to be listed as?

A. Class 1 Division 2
B. Safety equipment
C. Isolated power equipment
D. Anesthetizing equipmen

111. Which of the following is not a requirement for low 

voltage equipment that has exposed current-carrying 

elements in health care facilities?

A. Be moisture resistant
B. Operate on an electrical potential of 10 volts or less
C. Be listed and labeled as an exposed device
D. Be approved as intrinsically safe or double-

insulated equipment

Exam Questions

(2) The core and case connected to an equipment 
grounding conductor

517.64 Low-Voltage Equipment and Instruments (D) 

Controls. Resistance or impedance devices shall be 
permitted to control low- voltage equipment but shall 
not be used to limit the maximum available voltage to 
the equipment.

517.64 Low-Voltage Equipment and Instruments (E) 

Battery-Powered Appliances. Battery-powered appliances 
shall not be capable of being charged while in operation 
unless their charging circuitry incorporates an integral 
isolating-type transformer.

517.64 Low-Voltage Equipment and Instruments (F) Receptacles or Attachment Plugs. Any receptacle or 
attachment plug used on low-voltage circuits to be of a type that does not permit interchangeable connection 
with circuits of higher voltage.

Informational Note: Any interruption of the circuit, even circuits as low as 10 volts, either by any switch or loose 
or defective connections anywhere in the circuit, may produce a spark that is sufficient to ignite flammable 
anesthetic agents.
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112. Article 517 requires the low voltage power for 

instruments and equipment to not be supplied by 

what listed response?

A. Autotransformers
B. Dry cell batteries
C. Batteries made up of storage cells
D. Cord and attachment plugs

113. What is the core of an Isolation type transformers 

used for supplying low voltage circuits in health care 

facilities required to be connected to?

A. Delta windings
B. Wye windings
C. The center tap of B phase
D. Transformer Case

114. Resistance devices used in health care facilities are 

permitted to control equipment but are not permitted 

to limit the equipment’s maximum allowable ________.

A. Line voltage
B. Load voltage
C. Low-voltage
D. Control voltage

115. Battery-powered appliances cannot be capable of being 

charged while in operation unless their charging circuitry 

incorporates what when used in health care facilities?

A. Integral isolating-type transformer
B. An AC inverter
C. Integral DC source
D. Grounding Electrode connection point

116. What are receptacles or attachment plugs used with 

low voltage equipment not permitted to interchange 

with in health care facilities?

A. Circuits of lower voltage
B. Non dedicated loads
C. Circuits of higher voltage
D. Non Transformed voltages specific to the equipment

517.71 Connection to Supply Circuit (A) Fixed and Stationary Equipment. Any fixed and stationary X-ray 
equipment shall be connected to the power supply by means of a wiring method complying with applicable 
requirements of Chapters 1 through 4 of this Code, as modified by this article.

Exception: Equipment properly supplied by a branch circuit rated at not over 30 amperes shall be permitted to be 
supplied through a suitable attachment plug and hard service cable or cord.

517.71 Connection to Supply Circuit (B) Portable, Mobile, and Transportable Equipment. Individual branch 
circuits shall not be required for portable, mobile, and transportable medical X-ray equipment requiring a 
capacity of not over 60 amperes.

517.72 Disconnecting Means (A) Capacity. The disconnecting means of adequate capacity for at least 50 
percent of the input required for the momentary rating or 100 percent of the input required for the long-time 
rating of the X-ray equipment, whichever is greater, shall be provided in the supply circuit. 

517.72 Disconnecting Means (B) Location. The disconnecting means shall be operable from a location readily 
accessible from the X-ray control.

517.72 Disconnecting Means (C) Portable Equipment. For equipment connected to a 120-volt branch circuit 
of 30 amperes or less, a grounding type attachment plug and receptacle of proper rating shall be permitted to 
serve as a disconnecting means.

517.73 Rating of Supply Conductors and Over current Protection (B) Therapeutic Equipment. The ampacity 
of conductors and rating of over current protective devices shall not be less than 100 percent of the current 
rating of medical X-ray therapy equipment.
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117. X ray equipment properly supplied by a branch circuit 

rated at not over ________ amperes is permitted to 

be supplied through a suitable attachment plug and 

hard service cable or cord.

A. 10
B. 30
C. 15
D. 20

118. What is the maximum amperage for portable x-ray 

equipment to not require an individual branch circuit? 

A. 50
B. 30
C. 60
D. 20

Exam Questions

Informational Note: The ampacity of the branch-circuit conductors and the ratings of disconnecting means and 
over current protection for X-ray equipment are usually designated by the manufacturer for the specific installation.

517.74 Control Circuit Conductors (B) Minimum Size of Conductors. Size 18 AWG or 16 AWG fixture wires 
as specified in 725.49 and flexible cords shall be permitted for the control and operating circuits of X-ray and 
auxiliary equipment where protected by not larger than 20-ampere over current devices.

517.75 Equipment Installations. All equipment for new X-ray installations and all used or reconditioned X-ray 
equipment moved to and reinstalled at a new location shall be of an approved type.

517.76 Transformers and Capacitors. Transformers 
and capacitors that are part of X-ray equipment shall 
not be required to comply with Articles 450 and 460. 
Capacitors shall be mounted within enclosures of 
insulating material or grounded metal.

517.77 Installation of High-Tension X-Ray Cables. 

Cables with grounded shields connecting X-ray 
tubes and image intensifiers shall be permitted to be 
installed in cable trays or cable troughs along with 
X-ray equipment control and power supply conductors 
without the need for barriers to separate the wiring.

517.78 Guarding and Grounding (A) High-Voltage 

Parts. All high-voltage parts, including X-ray tubes, 
shall be mounted within grounded enclosures. Air, oil, 
gas, or other suitable insulating media shall be used to insulate the high-voltage from the grounded enclosure. 
The connection from the high-voltage equipment to X-ray tubes and other high-voltage components shall be 
made with high-voltage shielded cables.

517.78 Guarding and Grounding (B) Low-Voltage Cables. Low-voltage cables connecting to oil-filled units 
that are not completely sealed, such as transformers, condensers, oil coolers, and high-voltage switches, shall 
have insulation of the oil-resistant type.

517.78 Guarding and Grounding (C) Non–Current-Carrying Metal Parts. Non–current carrying metal parts of 
X-ray and associated equipment (controls, tables, X-ray tube supports, transformer tanks, shielded cables, X-ray 
tube heads, etc.) shall be connected to an equipment grounding conductor in the manner specified in Part VII 
of Article 250, as modified by 517.13(A) and (B).

517.160 Isolated Power Systems. (A)(6) Wire-Pulling Compounds. Wire-pulling compounds that increase the 
dielectric constant must not be used on the secondary conductors of the isolated power supply
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119. In general, what percentage of the input voltage is an 

X ray machine disconnects long-time rating required 

to be capable of?

A. 100
B. 75
C. 125
D. 95

120. What location is an X-ray machines disconnect required 

to be operable from?

B. Within line of sight of the equipment
A. Readily accessible 
C. Within 25 feet of the equipment
D. Close as possible to the examination table

121. What is the maximum current that a grounding 

attachment plug can be used as a disconnect for 

portable X ray equipment in health care facilities?

A. 20
B. 40
C. 30
D. 25

122. What is the minimum ampacity percentage for 

conductors and rating of overcurrent protective 

devices required for X-ray therapy equipment?

A. 125
B. 50
C. 95
 D. 100

123. What is the maximum amperage that 18 AWG flexible 

chords used as control circuit conductors are permitted 

to carry when used with x-ray equipment?

A. 20
B. 40
C. 30
D. 25

124. All X-ray equipment moved to and reinstalled at a 

new location is required to be of what type?

A. Listed
B. Approved
C. Labeled
D. NEMA 3R

125. What additional article do capacitors that are part of 

x-ray equipment not required to comply with other 

than article 450?

A. 425
B. 255
C. 310
D. 460

126. What additional raceway are cables with grounded 

shields connecting x-ray tubes and image intensifiers 

other than troughs allowed to be installed in?

A. Cable tray
B. RTC-PVC Schedule 40
C. Rigid metal conduit
D. PVC pipe

127. What type of enclosure are X-ray tubes required to 

be mounted in?

A. Listed
B. Approved
C. Grounded
D. NEMA 3R 

128. What type of coating are low-voltage cables used for 

equipment in health care facilities that connect to oil 

filled units which are not sealed completely required 

to have?

A. Self-sealing
B. Oil-resistant
C. Non porous
D. Impervious

129. What part of article 250 would you find specific 

requirements for connecting  an equipment grounding 

conductor to non-current carrying metal parts of x-ray 

and associated equipment? 

A. III
B. V
C. VII
D. IV

130. What must the pulling soap NOT do when pulling in 

the secondary conductors for isolated power systems 

used in health care facilities? 

A. Increase the dielectric constant
B. Decrease the dielectric constant
C. Absorb into the insulation
D. Corrode any termination points 
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Article 690. Article 690 is organized into 9 different parts:
Part I General

Part II Circuit Requirements

Part III Disconnecting means 

Part IV Wiring Methods

Part V Grounding 

Part VI Marking

Part VII Connection to other Sources 

Part VIII Storage batteries

Part IX Systems over 600 Volts

690.1 Scope. This article applies to solar photovoltaic (PV) electrical energy systems, including the array 
circuit(s), inverter(s), and controller(s) for such systems .Solar photovoltaic systems covered by this article may 
be interactive with other electrical power production sources or standalone, with or without electrical energy 
storage such as batteries. These systems may have ac or dc output for utilization.

Exception: Solar photovoltaic systems, equipment, or wiring installed in 
a hazardous (classified) location shall also comply with the applicable 
portions of Articles 500 through 516.

690.2 Definitions.

Module. A complete, environmentally protected unit consisting 
of solar cells, optics, and other components, exclusive of tracker, 
designed to generate dc power when exposed to sunlight.

Monopole Subarray. A PV subarray th at has two conductors in the 
output circuit, one positive (+) and one negative(-). Two monopole 
PV subarrays are used to form a bipolar PV array.

Multimode Inverter. Equipment having the capabilities of both the 
utility-interactive inverter and the stand-alone inverter.

Panel. A collection of modules mechanically fastened together, wired, and designed to provide a field-installable unit.

690.3 Other Articles. Wherever the requirements of other articles of this Code and Article 690 differ, the 
requirements of Article 690 shall apply and, if the system is operated in parallel with a primary source(s) of 
electricity, the requirements in 705.14, 705.16, 705.32, and 705.143 shall apply.

131. If looking for the grounding requirements for 

a photovoltaic (PV) electrical energy system, 

part________ of 690 should be consulted.

A. V
B. VI
C. III
D. IV

132. To determine what type of disconnect to use for a PV 

system, part ________ should be referenced.

A. IV
B. III
C. I
D. VII

Exam Questions

Article 690 Solar Photovoltaic (PV) Systems
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133. What part of article 690 should be referenced to 

determine the systems required to be marked for a 

PV system?

A. VI
B. IV
C. V
D. IX

134. To determine what voltage storage batteries can 

operate at in a residential application, part ________of 

article 690 should be referenced.

A. IV
B. VI
C. V
D. VIII

135. Article 690 applies to PV systems including controllers, 

array circuits, and ________.

A. Collectors
B. Balancers
C. Inverters
D. Inversion cells

136. If a conflict between article 250 and article 690 with 

regards to the bonding of solar array frames occurs, 

the requirements of article ________ shall be followed.

A. 690
B. 250
C. 300
D. 450

137. A small solar array is installed at an oil refinery for a 

mobile communications system in a class 1 division 1 

area of the plant. A grounding conflict is found between 

article 505 and 690 with regards to the installation. 

What article must be followed in this situation?

A. 690
B. 516
C. 500
D. 505

138. How many monopole PV subarrays are used to form 

a bipolar PV array?

A. 6
B. 3
C. 2
D. 5

139. What best defines equipment having the capabilities 

of both the utility-interactive inverter and the stand-

alone inverter?

A. Duel pole Inverter
B. Multimode Inverter
C. Standalone Inverter
D. Bipolar array

690.4 (D) Multiple Inverters. A photovoltaic system is allowed to have multiple utility-interactive inverters installed 
in or on a single building or structure. If the inverters are remotely located from each other, a directory in accordance 
with 705.10 it is required to be installed at every dc PV system disconnect, ac disconnect, and at the main service 
disconnect. This directory is required to show the location of all ac and dc PV system disconnecting means in a building.

Exception: A directory shall not be required where all inverters 
and PV dc disconnecting means are grouped at the main 
service disconnecting means.

690.5 Ground-Fault Protection. Grounded dc PV arrays shall 
be provided with dc ground-fault protection meeting the 
requirements of 690.5(A) through (C) to reduce fire hazards. 
Ungrounded dc PV arrays shall comply with 690.35.

Exception: Ground-mounted or pole-mounted photovoltaic 
arrays with not more than two paralleled source circuits and 
with all dc source and dc output circuits isolated from buildings 
shall be permitted without groundfault protection.

690.5 (A) Ground-Fault Detection and Interruption. The ground fault protection device or system shall:
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(1) Be capable of detecting a ground fault in the PV array dc current-carrying conductors and components, 
including any intentionally grounded conductors,

(2) Interrupt the flow of fault current

(3) Provide an indication of the fault, and

(4) Be listed for providing PV ground-fault protection 

Automatically opening the grounded conductor for measurement purposes or to interrupt the ground-fault 
current path shall be permitted. If a grounded conductor is opened to interrupt the ground-fault current path, 
all conductors of the faulted circuit shall be automatically and simultaneously opened. 

Manual operation of the main PV dc disconnect shall not activate the ground-fault protection device or result 
in grounded conductors becoming ungrounded.

690.5 (C) Labels and Markings. A warning label shall appear on the utility-interactive inverter or be applied by 
the installer near the ground-fault indicator at a visible location, stating the following:

WARNING

ELECTRIC SHOCK HAZARD 

IF A GROUND FAULT IS INDICATED,

NORMALLY GROUNDED CONDUCTORS MAY

BE UNGROUNDED AND ENERGIZED

When the PV system also has batteries, the same warning shall 
also be applied by the installer in a visible location at the batteries. 
The warning sign(s) or label(s) shall comply with 110.21(B).

690.5 (B) Isolating Faulted Circuits. Article 690 requires that 
PV circuits that become faulted are required to be isolated 
by one of the two following methods:

(1)  The ungrounded conductors of the faulted circuit shall 
be automatically disconnected.

(2)  The inverter or charge controller fed by the faulted circuit 
shall automatically cease to supply power to output circuits.

140. If multiple PV inverters are to be installed remotely 

from one another, a ________ must be installed at all ac 

and dc disconnecting means showing their locations.

A. Indicator
B. Phenolic
C. Directory
D. Causeway

141. A PV array installed on the roof of a grocery store is 

required to size its equipment grounding conductor 

in accordance with ________.

A. 250.66
B. 690.45
C. 250.122
D. 690.1

142. A pole mounted PV array does not have to have ground 

fault protection if the DC source and output circuits 

are isolated from ________.

A. Equipment
B. Service equipment
C. No listed answers
D. Buildings

143. A ground-fault protection device must meet 4 criteria; 

must be capable of detecting a ground-fault current, 

must provide an indication of the fault, interrupt the 

flow of fault current, and ________.

A. Must interrupt the flow of the DC voltage
B. Must convert the fault to current
C. Must divert the fault to the battery system
D. Be listed for providing PV ground-fault protection 

Exam Questions
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690.6 (A) Photovoltaic Source Circuits. The requirements of Article 690 pertaining to PV source circuits shall 
not apply to ac modules. The PV source circuit, conductors, and inverters shall be considered as internal wiring 
of an ac module.

690.6 (B) Inverter Output Circuit. The output of an ac module shall be considered an inverter output circuit.

690.6 (C) Disconnecting Means. A single disconnecting 
means, in accordance with 690.15 and 690.17, shall be 
permitted for the combined ac output of one or more 
ac modules. Additionally, each ac module in a multiple 
ac module system shall be provided with a connector, 
bolted, or terminal type disconnecting means. 

690.6 (D) Overcurrent Protection. The output circuits of ac 
modules shall be permitted to have overcurrent protection 
and conductor sizing in accordance with 240.5(B)(2).

690.7(A) Maximum Photovoltaic System Voltage. In 
a dc photovoltaic source circuit or output circuit, the 
maximum photovoltaic system voltage for that circuit 
shall be calculated as the sum of the rated open-circuit voltage of the series-connected photovoltaic modules 
corrected for the lowest expected ambient temperature. For crystalline and multi-crystalline silicon modules, 
the rated open-circuit voltage shall be multiplied by the correction factor provided in Table 690.7. This voltage 
shall be used to determine the voltage rating of cables, disconnects, overcurrent devices, and other equipment. 
Where the lowest expected ambient temperature is below −40°C (−40°F), or where other than crystalline or multi- 
crystalline silicon photovoltaic modules are used, the system voltage adjustment shall be made in accordance 
with the manufacturer’s instructions. When open-circuit voltage temperature coefficients are supplied in the 
instructions for listed PV modules, they shall be used to calculate the maximum photovoltaic system voltage 
as required by 110.3(B) instead of using Table 690.7.

690.7 (C) Photovoltaic Source and Output Circuits. In one and two- family dwellings, photovoltaic source 
circuits and PV output circuits that do not include lampholders, fixtures, or receptacles shall be permitted to 
have a maximum PV system voltage up to 600 volts. Other installations with a maximum photovoltaic system 
voltage over 1000 volts shall comply with Article 690, Part IX.

690.7 (D) Circuits over 150 Volts to Ground. In one- and two family dwellings, live parts in PV source circuits and 
PV output circuits over 150 volts to ground shall not be accessible to other than qualified persons while energized.

144. If operating a PV system disconnect, the disconnect 

must not activate the ________.

A. Inverter
B. Ground-fault protection
C. Rectifier
D. Array

145. Article 690 requires ________ methods for isolating 

PV circuits that experience a ground fault.

A. 5
B. 3
C. None
D. 2

146. A label warning of electric shock from a PV system 

ground fault is supposed to be located on the ________.

A. Utility-interactive inverter
B. Array
C. Disconnects
D. Cells

147. A PV battery system is required to have a ________ 

label posted.

A. Warning
B. Directory
C. Utility
D. All listed answers
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690.8(A)(1) Photovoltaic Source Circuit Currents. Article 690 requires that the maximum PV source circuit 
current shall be the sum of parallel module rated short circuit currents multiplied by 125 percent.

690.8(A)(3) Inverter Output Circuit Current. The maximum current shall be the inverter continuous output 
current rating.

690.8(A)(4) Stand-Alone Inverter Input Circuit Current. 

Article 690 requires the maximum current shall be the 
stand-alone continuous inverter input current rating 
when the inverter is producing rated power at the 
lowest input voltage. 

690.8 (B) Conductor Ampacity. PV system currents shall be 
considered to be continuous. Circuit conductors shall be 
sized to carry not less than the larger of 690.8(B)(1) or (2).

690.8 (C) Systems with Multiple Direct-Current 

Voltages. Article 690 describes a PV power source 
that has multiple output circuit voltages and employs 
a common- return conductor, the ampacity of the 
common-return conductor shall not be less than the 
sum of the ampere ratings of the overcurrent devices 
of the individual output circuits.

148. The requirements of photovoltaic source circuits 

________ apply to ac modules.

A. Shall
B. Must
C. Shall not
D. Will

149. An AC modules output is consider by this code as a 

(an) ________ output circuit.

A. Open
B. Exclusive
C. Inverter
D. Both A and C

150. Multiple AC modules are each required to have their 

own________.

A. Disconnect
B. Inverter
C. Ground Fault Indicator
D. All listed answers

151. How many sections does article 690 require following 

when using a single disconnect for the combined ac 

output of one or more ac modules?

A. 2
B. 4
C. 6
D. 3

152. What is the lowest expected ambient temperature 

for multicrystalline silicon PV modules that require 

the system voltage adjustments to be made using 

the manufacturer’s instructions?

A. −15*F
B. −10*F
C. −20*F
D. −40*F

153. AC modules output circuits are allowed to have their 

conductors sized based on what article?

A. 310.16
B. 690.6
C. 240.5(B)(2)
D. 310(b)(2)

Exam Questions
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154. The maximum photovoltaic system voltage is required 

to be calculated as the sum of the rated________

voltage of the series-connected photovoltaic 

modules corrected for the lowest expected ambient 

temperature.

A. Closed circuit
B. DC circuit
C. Listed circuit
D. Open circuit

155. What correction factors table is required to be used 

for crystalline silicon modules?

A. 690.7
B. 695.7
C. 690.4
D. 690.12

156. If a listed PV module has voltage temperature 

coefficients supplied, they are required to be used to 

calculate the ________ photovoltaic system voltage.

A. Maximum
B. Minimum
C. Listed
D. Rated

157. If a photovoltaic source circuit in a single family 

dwelling does not include receptacles, the maximum 

photovoltaic system voltage can be up to ________volts.

A. 700
B. 800
C. 600
D. 1000

158. If a photovoltaic system operates at over 1000 volts, 

it is required to comply with what part of Article 690.

A. X
B. V
C. VI
D. IX

159. A photovoltaic source circuit that operates at over 

________ volts to ground is required to have its live 

parts accessible to only qualified personnel.

A. 120
B. 150
C. 100
D. 50

160. The maximum PV circuit current is required to be the 

sum of the parallel module rated short circuit currents 

multiplied by ________ percent.

A. 125
B. 100
C. 75
D. 50

161. An inverters maximum output current can be no more 

than the inverters ________ output current rating.

A. Load
B. Continuous
C. Initial
D. Stored

162. The input circuit current of a stand-alone inverter is 

required to be at its maximum when the inverter is 

producing rated power at the ________ input voltage.

A. Maximum
B. Rated
C. Array
D. Lowest

163. The current of a Photovoltaic system is required to be 

calculated as a ________ load.

A. Continuous
B. Intermittent
C. Maximum
D. Both A and C

164. A common-return conductor for a PV system that has 

multiple output circuit voltages cannot be less than 

the sum of the ________ ratings of the overcurrent 

devices of the individual output circuits.

A. Output
B. Input
C. Ampere
D. Array
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690.8 (D) Sizing of Module Interconnection Conductors. Where a single overcurrent device is used to protect 
a set of two or more parallel-connected module circuits, the ampacity of each of the module interconnection 
conductors shall not be less than the sum of the rating of the single overcurrent device plus 125 percent of the 
short-circuit current from the other parallel- connected modules.

690.9 (A) Circuits and Equipment. This code requires a photovoltaic source circuit, photovoltaic output circuit, 
inverter output circuit, and storage battery circuit conductors and equipment shall be protected in accordance 
with the requirements of Article 240. Circuits connected to more than one electrical source shall have overcurrent 
devices located so as to provide overcurrent protection from all sources.

(NEW): 690.9 Overcurrent Protection. (B) Overcurrent Device Ratings. Overcurrent device ratings shall be not 
less than 125 percent of the maximum currents calculated in 690.8(A).

690.9 (C) Direct-Current Rating. Overcurrent devices, either fuses or circuit breakers, used in any dc portion of 
a PV power system shall be listed and shall have the appropriate voltage, current, and interrupt ratings.

690.9 (E) Series Overcurrent Protection. In grounded PV source circuits, a single overcurrent protection de vice, 
where required, shall be permitted to protect the PV modules and the interconnecting conductors. In ungrounded 
PV source circuits complying with 690.35, an overcurrent protection device, where required, shall be installed in each 
ungrounded circuit conductor and shall be permitted to protect the PV modules and the interconnecting cables.

690.10 (D) Energy Storage or Backup Power System Requirements. Energy storage or backup power supplies 
are not required.

690.10 (E) Back-fed Circuit Breakers. Plug-in type back-fed circuit breakers connected to a stand-alone or 
multimode inverter output in stand-alone systems shall be secured in accordance with 408.36(D). Circuit breakers 
marked “line” and “load” shall not be back-fed.

690.11 Arc-Fault Circuit Protection (Direct Current). Photovoltaic systems with either dc source or output circuits, 
or both, operating at a PV system maximum voltage of 80 volts or greater to be protected by a listed (dc) arc-fault 
circuit interrupter or other listed devise that provides 
equivalent protection. The PV arc-fault protection 
means shall comply with the following requirements:
(1)  The system shall detect and interrupt arcing faults 

resulting from a failure in the intended continuity of 
a conductor, connection, module, or other system 
component in the dc PV output circuits.

(2)  The system shall require that the disabled or 
disconnected equipment be manually restarted.

(3)  The system shall have an annunciator that provides 
a visual indication that the circuit interrupter has 
operated. This indication shall not reset automatically.

690.15 (B) Equipment. Equipment such as photovoltaic source circuit isolating switches, overcurrent devices, 
and blocking diodes to be permitted on the photovoltaic side of the photovoltaic disconnecting means.

(NEW): 690.15 Disconnection of Photovoltaic Equipment. (C) Direct-Current Combiner Disconnects. The dc 
output of dc combiners mounted on roofs of dwellings or other buildings shall have a load break disconnecting 
means located in the combiner or within 1.8 m (6 ft) of the combiner. The disconnecting means shall be permitted 
to be remotely controlled but shall be manually operable locally when control power is not available.

(NEW): 690.31 Methods Permitted. (C)(2) Cable Tray. PV source circuits and PV output circuits using single-
conductor cable listed and labeled as photovoltaic (PV) wire of all sizes, with or without a cable tray marking/
rating, shall be permitted in cable trays installed in outdoor locations, provided that the cables are supported 
at intervals not to exceed 300 mm (12 in.) and secured at intervals not to exceed 1.4 m (4.5 ft).
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165. Would it be considered acceptable or a violation of 

this code for a single overcurrent device to be used 

to protect a set of two or more parallel-connected 

module circuits?

A. Acceptable
B. Violation

166. The overcurrent protection of article ________is 

required to be used for all photovoltaic systems.

A. 250
B. 110
C. 240
D. 695

167. A PV system overcurrent device cannot be less than 

________ of the maximum currents calculated in 

690.8(A).

A. 150%
B. 100%
C. 125%
D. 225%

168. Over current devices used in dc PV power systems are 

required to be ________ for such use.

A. Installed
B. Listed
C. Separated
D. Fast acting

169. True or False? A single overcurrent protection device 

cannot be used to protect PV modules and their 

interconnecting conductors.

A. True
B. False

170. Energy storage or backup power supplies ________ 

required for PV systems.

A. Are
B. Shall be
C. Are not
D. Must be

171. Would it be considered acceptable or a violation of 

this code to backfeed a circuit breaker used for a PV 

system that is marked line and load.

A. Acceptable
B. Violation

172. What is the minimum DC voltage that a photovoltaic 

system is required to have a listed dc arc-fault circuit 

interrupter installed for protection if it enters a building?  

A. 24
B. 48
C. 80
D. 300

173. The arc fault protection for a photovoltaic system is 

required to detect and ________ any arcing faults.

A. Interrupt
B. Delay
C. Resolve
D. Open

174. What is the maximum distance single conductor PV cable 

installed in a cable tray is to be tied down and secured?

A. 3 ft.
B. 4.5 ft.
C. 24 inches
D. 10 ft.

175. How are you required to re-set a PV system disconnect 

if it trips?

A. Partially
B. Incrementally
C. Sequentially
D. Manually

176. The photovoltaic arc fault system is required to have 

a (an)________ indication that the circuit interrupter 

has operated.

A. Visual
B. Colored
C. Audible
D. Monitored

177. True or False? When an arc fault system has activated 

and detected a fault, the optical indicator will reset 

after 30 seconds automatically.

A. True
B. False

Exam Questions
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178. Blocking ________ are allowed on the photovoltaic 

side of the photovoltaic disconnect.

A. Diodes
B. Fuses
C. Breakers
D. Inhibitors

179. A DC combiners disconnect is required to be installed 

within ________ of the combiner.

A. 6 ft.
B. 7 ft.
C. 8 ft.
D. 10 ft.

690.13 (A) Location. The PV disconnecting means to be installed at a readily accessible location either on the 
outside of a building or structure or inside nearest the point of entrance of the system conductors.

690.13 (B) Marking. Each PV system disconnecting means shall be permanently marked to identify it as a PV 
system disconnect.

690.13 (D) Maximum Number of Disconnects. The PV system disconnecting 
means shall consist of not more than six switches or six circuit breakers 
mounted in a single enclosure, or in a group of separate enclosures. 

690.13 (E) Grouping. The PV system disconnecting means shall be 
grouped with other disconnecting means for the system in accordance 
with 690.13(D). A PV disconnecting means shall not be required at the 
PV module or array location.

690.15 Disconnection of Photovoltaic Equipment. Means shall be 
provided to disconnect equipment, such as inverters, batteries, and 
charge controllers from all ungrounded conductors of all sources. If the 
equipment is energized from more than one source, the disconnecting 
means shall be grouped and identified.

690.16(A) Disconnecting Means.  Disconnecting means shall be 
provided to disconnect a fuse from all sources of supply if the fuse is 
energized from both directions. Such a fuse in a photovoltaic source 
circuit shall be capable of being disconnected independently of fuses 
in other photovoltaic source circuits.

180. What type of location is a photovoltaic disconnect 

required to be installed?

A. Accessible
B. Readily accessible
C. Marked
D. Fence

181. A photovoltaic disconnect is required to be 

permanently marked as a ________ disconnect.

A. Back fed
B. DC
C. Photovoltaic
D. No listed answer

182. What is the maximum number of PV disconnects 

allowed in a single enclosure?

A. 7
B. 8
C. 6
D. No limit

183. A photovoltaic disconnecting means ________ be 

required at the photovoltaic module or array location.

A. Shall not
B. Shall
C. Must
D. All listed answers

Exam Questions
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184. PV equipment is required to be disconnected from 

all ________ conductors.

A. Grounded
B. Grounding
C. Equipment grounding
D. Ungrounded

185. A photovoltaic source circuit is required to be capable 

of being disconnected independently of ________in 

other photovoltaic source circuits.

A. Fuses
B. Inverters
C. Batteries
D. Arrays

690.16 (B) Fuse Servicing. The 2014 code requires a disconnecting means to be installed on PV output circuits 
where overcurrent devices (fuses) must be serviced that cannot be isolated from energized circuits. The 
disconnecting means shall be within sight of, and accessible to, the location of the fuse or integral with fuse 
holder and shall comply with 690.17. Where the disconnecting means are located more than 1.8 m (6 ft) from 
the overcurrent device, a directory showing the location of each disconnect shall be installed at the overcurrent 
device location. Non-load-break-rated disconnecting means shall be marked “Do not open under load.”

690.17 Disconnect Type (C) Externally Operable 

and Indicating. The PV disconnecting means shall be 
externally operable without exposing the operator to 
contact with live parts and shall indicate whether in the 
open or closed position.

690.17 Disconnect Type (D) Disconnection of Grounded 

Conductor. A switch, circuit breaker, or other device shall 
not be installed in a grounded conductor if operation of that 
switch, circuit breaker, or other device leaves the marked, 
grounded conductor in an ungrounded and energized state.

690.31 Methods Permitted (B) Identification and 

Grouping. PV source circuits and PV output circuits 
shall not be contained in the same raceway, cable tray, cable, outlet box, junction box, or similar fitting as 
conductors, feeders, branch circuits of other non-PV systems, or inverter output circuits, unless the conductors 
of the different systems are separated by a partition. PV system conductors shall be identified and grouped as 
required by 690.31(B)(1) through (4). The means of identification shall be permitted by separate color coding, 
marking tape, tagging, or other approved means.

(1)  PV Source Circuits. PV source circuits shall be identified at all points of termination, connection, and splices.

(2)  PV Output and Inverter Circuits. The conductors of PV output circuits and inverter input and output circuits 
shall be identified at all points of termination, connection, and splices.

(3)  Conductors of Multiple Systems. Where the conductors 
of more than one PV system occupy the same junction 
box, raceway, or equipment, the conductors of 
each system shall be identified at all termination, 
connection, and splice points.

Exception: Where the identification of the conductors is 
evident by spacing or arrangement, further identification 
shall not be required.

(4)  Grouping. Where the conductors of more than one 
PV system occupy the same junction box or raceway 
with a removable cover(s), the ac and dc conductors 
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of each system shall be grouped separately by cable ties or similar means at least once and shall then be 
grouped at intervals not to exceed 1.8 m (6 ft).

Exception: The requirement for grouping shall not apply if the circuit enters from a cable or raceway unique to the 
circuit that makes the grouping obvious.

690.31 (G)(2) Flexible Wiring Methods. This new subdivision was added to the 2011 code to address flexible 
wiring systems that contain photovoltaic dc systems. Where flexible metal conduit (FMC) smaller than metric 
designator 21 (trade size 3⁄4) or Type MC cable smaller than 25 mm (1 in.) in diameter containing PV power 
circuit conductors is installed across ceilings or floor joists, the raceway or cable shall be protected by substantial 
guard strips that are at least as high as the raceway or cable. Where run exposed, other than within 1.8 m (6 ft) of 
their connection to equipment, these wiring methods shall closely follow the building surface or be protected 
from physical damage by an approved means.

690.31 (G)(3) Marking or Labeling Required. The following wiring methods and enclosures that contain PV 
power source conductors shall be marked with the wording “WARNING: PHOTOVOLTAIC POWER SOURCE” by 
means of permanently affixed labels or other approved permanent marking:

(1) Exposed raceways, cable trays, and other wiring methods

(2) Covers or enclosures of pull boxes and junction boxes

(3) Conduit bodies in which any of the available conduit openings are unused

186. A disconnect is required to service fuses for 

photovoltaic systems if they cannot be ________ 

from energized parts.

A. Closed
B. Open
C. Isolated
D. Verified

187. What installation provisions are disconnects used to 

service fuses in a PV system required to comply with?

A. 690.(A)(2)
B. 250.46
C. 240.6
D. 690.17

188. If a disconnect is installed more than ________ from the 

fuses or fuse holder it disconnects in a PV system, then 

a directory showing the location of all disconnects is 

required where fuses or fuse holder are located.

A. 6 ft
B. 2 ft
C. 4 ft
D. 44 inches

189. A Non-load-break-rated disconnect used to disconnect 

a PV system is required by this code to be marked on 

its cover “________.”

A. Do not reset load
B. Open Here ------
C. Do not open under load
D. Open with other loads

190. What is a PV disconnect required to protect the 

operator from?

A. Battery Bank
B. Live Parts
C. Transfer switch
D. The service entrance conductors

191. When is a circuit breaker not allowed to be installed 

on the grounded conductor in a PV system?

A. If it is an Arc Fault breaker
B. When the grounded conductor is paralleled 
C. If it leaves the grounded conductor in an 

ungrounded and energized state
D. You are NEVER allowed to disconnect the 

grounded conductor

Exam Questions
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192. What section of the 2014 code would you reference 

concerning the identification of PV circuits?

A. 690.13 (B)
B. 690.31 (B)
C. 690.31 (E)
D. 680.31 (E)(1)

193. Where are PV source circuits required to be identified?

A. Connections
B. Terminations
C. Splices
D. All listed answers

194. Where are PV inverter circuits required to be identified?

A. Connections
B. Terminations
C. Splices
D. All listed answers

195. What is the maximum distance ac and dc conductors 

of more than one PV system that occupy the same 

cable tray are to be grouped independently?

A. 10 feet
B. 6 feet
C. 5 feet
D. 12 feet

196. A flexible metal conduit that has a 1/2” diameter and 

is installed across ceiling floor joists that contains PV 

conductors is required to be protected from damage 

by what approved method?

A. 3/8” mesh
B. ¼” particle board
C. Mesh weave
D. Guard Strips

197. Within how many feet of PV equipment connections 

does a 3/4” diameter metal-clad cable installed across 

ceiling floor joists NOT have to be protected from 

physical damage?

A. 10 feet
B. 6 feet
C. 5 feet
D. 3 feet

198. True or False, PV cables are not required to closely 

follow the building surface or be protected from 

physical damage by an approved means if limited 

access to the cables is provided.

A. True
B. False

199. What listed conductor enclosure or raceway is required 

to have a label if PV circuits are installed? 

A. Pull boxes
B. Conduit bodies
C. Cable trays
 D. All listed answers

200. How are conduits or cable tray systems that contain 

circuits for photovoltaic systems required to be 

identified?

A. With Paint
B. On their own conduit or tray rack
C. With a label
D. Rigidly attached to the structure with angle 

bracing at 5 foot intervals

201. What is a label that identifies dc conductors for a PV 

system are present required to read?

A. WARNING: PHOTOVOLTAIC POWER
B. WARNING: PHOTOVOLTAIC POWER SOURCE
C. WARNING: PHOTOVOLTAIC SOURCE
D. WARNING: DC POWER SOURCE

202. True or False? A pull box that that has PV conductors 

contained is not required to have a label affixed.

A. True
B. False

203. What type of label(s) are you required to use for the 

identification of PV circuits?

A. Opaque
B. Listed
C. Permanent
D. Removable
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690.31 (G)(4) Marking and Labeling Methods and Locations. The labels or markings shall be visible after 
installation. The labels shall be reflective, and all letters shall be capitalized and shall be a minimum height 
of 9.5 mm (3⁄8 in.) in white on a red background. PV power circuit labels shall appear on every section of the 
wiring system that is separated by enclosures, walls, partitions, ceilings, or floors. Spacing between labels or 
markings, or between a label and a marking, shall not be more than 3 m (10 ft). Labels required by this section 
shall be suitable for the environment where they are installed.

690.32 Component Interconnections. Fittings and 
connectors that are intended to be concealed at 
the time of on-site assembly, where listed for such 
use, shall be permitted for on-site interconnection 
of modules or other array components. Such fittings 
and connectors shall be equal to the wiring method 
employed in insulation, temperature rise, and fault-
current withstand, and shall be capable of resisting 
the effects of the environment in which they are used. 

690.43 (C) Structure as Equipment Grounding 

Conductor. Devices listed and identified for grounding 
the metallic frames of PV modules or other equipment 
shall be permitted to bond the exposed metal surfaces or other equipment to mounting structures. Metallic mounting 
structures, other than building steel, used for grounding purposes shall be identified as equipment grounding 
conductors or shall have identified bonding jumpers or devices connected between the separate metallic sections 
and shall be bonded to the grounding system. Metallic mounting structures, other than building steel, used for 
grounding purposes shall be identified as equipment-grounding conductors or shall have identified bonding 
jumpers or devices connected between the separate metallic sections and shall be bonded to the grounding system.

690.43 (D) Photovoltaic Mounting Systems and Devices. When devices and systems that are used for mounting 
PV modules are also used to provide grounding of the module frames, they are required be identified for the 
purpose of grounding the PV modules.

690.45 Size of Equipment Grounding Conductors Equipment 
grounding conductors for PV source and PV output circuits shall be 
sized in accordance with 250.122. Where no overcurrent protective 
device is used in the circuit, an assumed overcurrent device rated at 
the PV maximum circuit current shall be used when applying Table 
250.122. Increases in equipment grounding conductor size to address 
voltage drop considerations shall not be required. An equipment 
grounding conductor shall not be smaller than 14 AWG.

690.46 Array Equipment Grounding Conductors. For PV modules, 
equipment grounding conductors smaller than 6 AWG shall comply 
with 250.120(C). Where installed in raceways, equipment grounding 
conductors and grounding electrode conductors not larger than 6 
AWG shall be permitted to be solid.

680.47(B) Direct-Current Systems. If installing a dc system, a 
grounding electrode system shall be provided in accordance with 
250.166 for grounded systems or 250.169 for ungrounded systems. 
The grounding electrode conductor shall be installed in accordance 
with 250.64. A common dc grounding-electrode conductor shall 
be permitted to serve multiple inverters. The size of the common 
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204. How are the letters used for a PV system warning label 

required to be presented on the label?

A. Red
B. Bold
C. Capitalized 
D. All listed answers

205. What type of material is a PV warning label required 

to be made of?

A. Stainless steel
B. Reflective
C. Non corrosive
D. Bio degradable

206. What is the minimum letter height required for a PV 

label? 

A. 3/16”
B. 1/8” 
C. 1/4"
D. 3/8”

207. What is the maximum distance PV system labels are 

to be installed from one another?

A. 5ft
B. 10ft
C. 8ft
D. 6ft

208. Concealed fittings used to connect PV equipment 

must be capable of resisting what listed factor(s)?

A. Environment in which they are used
B. Voltage gradients
C. Hysteresis
D. All listed answers

209. A device listed to ground the metallic frame of a 

photovoltaic module is allowed by this code to 

________ equipment to the mounting structure.

A. Connect
B. Install
C. Bond
D. Attach

210. True or False? Identified bonding jumpers connected 

between separate metallic sections for PV systems are 

required to be bonded to the grounding system.

A. True
B. False

211. If using the PV metallic mounting structures for 

grounding purposes, article 690 requires the mounting 

structures to be ________ as equipment-grounding 

conductors.

A. Identified
B. Marked
C. Labeled
D. All listed answers

212. What specific section of article 690 should be reference 

if mounting PV systems and devices?

A. 690.43(C)
B. 690.32
C. 690.43(D)
D. 690.31 (G)(4)

213. What table is required to be used to size a PV output 

circuit equipment grounding conductor?

A. 250.66
B. 690.3
C. 690.5
D. 250.122

Exam Questions

grounding electrode and the tap conductors shall be in accordance with 250.166. The tap conductors shall 
be connected to the common grounding-electrode conductor by exothermic welding or with connectors 
listed as grounding and bonding equipment in such a manner that the common grounding electrode 
conductor remains without a splice or joint. An ac equipment grounding system shall be permitted to 
be used for equipment grounding of inverters and other equipment and for the ground-fault detection 
reference for ungrounded PV systems.
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214. What is the smallest equipment grounding conductor 

allowed by article 690?

A. 12 AWG
B. 10 AWG
C. 14 AWG 
D. 1/0

215. What PV circuit current is required to be used where 

no overcurrent protective device is installed in the 

circuit when determining the size of the equipment 

grounding conductor?

A. In rush
B. Operating
C. Stored
D. Maximum

216. An array equipment grounding conductor for PV 

modules smaller than ________ must follow the 

requirements of 250.120(C).

A. 4 AWG
B. 2 AWG
C. 6 AWG 
D. 1/0

217. A dc grounding electrode system is required to be 

installed as specified in what listed section?

A. 250.169
B. 250.166
C. 250.66
D. 250.122

218. What listed article is required to be followed when 

installing a dc system grounding electrode conductor?

A. 250.166
B. 250.64
C. 250.169
D. 250.122

219. True or False? Article 690 does not allow a common 

dc grounding-electrode conductor to serve multiple 

inverters.

A. True
B. False

220. What section is a common grounding electrode 

conductor tap required to be sized for a dc system?

A. 250.196
B. 250.122
C. 250.166
D. 250.66

221. What can be used for the ground-fault detection 

reference for ungrounded PV systems?

A. Building steel
B. An ac equipment grounding system
C. Water meter
D. Building water main (Within 5 feet)

222. Connecting dc tap conductors to a common grounding 

electrode conductor must be made by ________.

A. Exothermic welding
B. Irreversible crimp
C. Listed Split Bolt
D. All listed answers

690.47(C) Systems with Alternating-Current and Direct-Current Grounding 

Requirements. A Photovoltaic system that has dc and ac circuits and having 
no direct connection between the dc grounded conductor and ac grounded 
conductor is required to have a dc grounding system. This dc grounding system 
is required to be bonded to the ac grounding system by one of the methods as 
specified in 690.47(C)(1), (2), or (3). This section does not apply to ac PV modules. 
When using the methods of (C)(2) or (C)(3), the existing ac grounding electrode 
system shall meet the applicable requirements of Article 250, Part III.

690.47(C)(1) Separate Direct-Current Grounding Electrode System Bonded to 

the Alternating-Current Grounding Electrode System. A separate dc grounding 
electrode or system shall be installed if there is no direct connection between the 
dc grounded conductor and ac grounded conductor for a photovoltaic (PV) system. 
This dc system is required to be bonded directly to the ac grounding electrode 
system. The size of any bonding jumper(s) between the ac and dc systems shall 
be based on the larger size of the existing ac grounding electrode conductor or 
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the size of the dc grounding electrode conductor specified by 250.166. The dc grounding electrode system 
conductor(s) or the bonding jumpers to the ac grounding electrode system shall not be used as a substitute 
for any required ac equipment grounding conductors.

690.47(C)(2) Common Direct-Current and Alternating-Current Grounding Electrode. A dc grounding electrode 
conductor of the size specified by 250.166 shall be run from the marked dc grounding electrode connection point 
to the ac grounding electrode. Where an ac grounding electrode is not accessible, the dc grounding electrode 
conductor shall be connected to the ac grounding electrode conductor in accordance with 250.64(C)(1) or 
250.64(C)(2) or by using a connector listed for grounding and bonding. This dc grounding electrode conductor 
shall not be used as a substitute for any required ac equipment grounding conductors.

690.48 Continuity of Equipment Grounding Systems. 
Where the removal of equipment disconnects the 
bonding connection between the grounding electrode 
conductor and exposed conducting surfaces in the PV 
source or output circuit equipment, a bonding jumper 
shall be installed while the equipment is removed.

690.50 Equipment Bonding Jumpers. Equipment 
bonding jumpers, if used, shall comply with 250.120(C).

690.54 Interactive System Point of Interconnection. All 
interactive system(s) points of interconnection with other 
sources shall be marked at an accessible location at the 
disconnecting means as a power source and with the rated 
ac output current and the nominal operating ac voltage.

223. A dc grounding system is not required for a Photovoltaic 

system that has a ________ connection between the 

dc and ac grounded conductors.

A. Partial
B. Direct
C. Open
D. Nominal

224. A dc grounding system is required to bond directly 

with the ________ grounding system.

A. Utility
B. Network
C. AC
D. Telephone

225. True or False? Alternating current PV modules are 

required to comply with 690.47(C)(1), (2), or (3).

A. True
B. False

226. What part of article 250 are the requirements of 

690.47(C)(2), or (3) required to meet when using 

an existing ac grounding electrode system with DC 

circuits?

A. III
B. II
C. IV
D. VII

227. True or False, a photovoltaic (PV) system does not 

require a separate dc grounding electrode or system 

if a current 200 amp AC service exists.

A. True
B. False

228. A PV grounding system is required to connect to what 

additional grounding electrode system?

A. AC
B. Utility
C. District
D. CATV

Exam Questions
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229. The bonding jumper that connects a DC and AC PV 

system together is required to be sized based on the 

________ grounding electrode conductor of either 

the AC or DC system.

A. Utility
B. Service
C. Smaller
D. Larger

230. What article is required to be used when sizing a DC 

grounding electrode conductor?

A. 250.122
B. 250.166
C. 250.66
D. 430.52

231. True or False? A DC grounding system may be used as 

a substitute for any required ac equipment grounding 

conductors.

A. True
B. False

232. A DC grounding electrode conductor is required to be 

run from the marked ________ grounding electrode 

connection point.

A. AC
B. Connected
C. DC
D. Listed

233. A dc grounding electrode conductor used for a PV 

system shall be sized using the requirements of 

_____.

A. 250.66
B. 250.166
C. 250.122
D. 250.122(E)

234. The DC grounding electrode conductor for a PV 

system is required to be run to the _______ grounding 

electrode.

A. DC
B. Listed
C. Sized
D. AC

235. If installing a PV system and the AC grounding 

electrode is not accessible, the DC grounding electrode 

conductor is allowed to be connected to the AC 

grounding electrode conductor as long as it complies 

with what listed requirement(s)?

A. 250.64(C)(1)
B. 250.64(C)(C)(2)
C. A connector listed for grounding and bonding
D. All listed answers

236. Would it be considered acceptable or a violation of 

this code to substitute a DC grounding electrode 

conductor for any required AC equipment grounding 

conductors.

A. Acceptable
B. Violation

237. If removing equipment for repair in a PV system, a 

temporary ________ is required to be installed to 

the grounding electrode conductor and exposed 

conducting surfaces to maintain continuity.

A. Bonding jumper
B. Cut out
C. Isolation block 
D. Equipment grounding conductor

238. An equipment bonding jumper used in a PV system is 

required to meet the provisions of what listed article?

A. 250.122
B. 250.66
C. 250.120(C)
D. 690.3

239. Where are all PV interactive system points of 

interconnection with other sources required to be 

marked?

A. The Disconnecting means
B. The Existing service
C. At each Utility connection
D. Only at the PV source
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690.55 Photovoltaic Power Systems Employing 

Energy Storage. Photovoltaic power systems 
employing energy storage shall also be marked 
with the maximum operating voltage, including any 
equalization voltage and the polarity of the grounded 
circuit conductor.

690.56 (A) Facilities with Stand-Alone Systems. 

Article 690 requires any structure or building with a 
photovoltaic power system that is not connected to a 
utility service source and is a stand- alone system shall 
have a permanent plaque or directory installed on the 
exterior of the building or structure at a readily visible 
location acceptable to the authority having jurisdiction. The plaque or directory shall indicate the location of 
system disconnecting means and that the structure contains a stand-alone electrical power system.

690.71 (A) General. Storage batteries in a solar photovoltaic system are required to be installed in accordance 
with the provisions of Article 480. The interconnected battery cells shall be considered grounded where the 
photovoltaic power source is installed in accordance with 690.41.

690.71 (B)(1) Operating Voltage. When installing storage batteries for dwellings, the cells are required to be 
connected to operate at a voltage of 50 volts, nominal, or less.

690.64 Point of Connection. Article 690 requires that the point of connection for a solar photovoltaic (PV) 
system shall be in accordance with 705.12.

690.63 Unbalanced Interconnections. As required by article 690, the unbalanced connections for solar 
photovoltaic (PV) systems shall be in accordance with 705.100.

690.72 (C) Buck/Boost Direct-Current Converters. When buck/boost charge controllers and other dc power converters 
used in solar photovoltaic (PV) systems that increase or decrease the output current or output voltage with respect 
to the input current or input voltage are installed, the requirements of 690.72(C)(1) and (C)(2) shall be followed.

(1) The ampacity of the conductors in output circuits shall be based 
on the maximum rated continuous output current of the charge 
controller or converter for the selected output voltage range.

(2) The voltage rating of the output circuits shall be based on the 
maximum voltage output of the charge controller or converter for 
the selected output voltage range.

690.74 (A) Flexible Cables. Flexible cables, as identified in Article 
400, in sizes 2/0 AWG and larger shall be permitted within the battery 
enclosure from battery terminals to a nearby junction box where they 
shall be connected to an approved wiring method. Flexible battery 
cables shall also be permitted between batteries and cells within the 
battery enclosure. Such cables shall be listed for hard-service use and 
identified as moisture resistant. Flexible, fine-stranded cables shall 
be terminated only with terminals, lugs, devices, or connectors in 
accordance with 110.14.

690.80 General. Solar PV systems with a maximum system voltage over 
1000 volts dc shall comply with Article 490 and other requirements 
applicable to installations rated over 1000 volts.
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240. What are PV power systems employing energy storage 

required to be marked with?

A. Polarity of the grounded circuit conductor.
B. Maximum operating voltage
C. Equalization voltage
D. All listed answers

241. In general, where is a stand-alone PV system not 

connected to a utility service required to have its 

permanent directory installed?

 A. On the exterior of the structure
B. In the interior of the structure
C. At the meter base
D. No such requirement for a stand-alone PV system

242. What article must be referenced when installing 

storage batteries for a PV system?

A. 250
B. 240
C. 110
D. 480

243. What is the maximum operating voltage lead-acid 

storage batteries used in dwellings are allowed to 

have? 

A. 50
B. 60
C. 75
D. 48

244. The Point of connection for a PV system is required to 

be done in accordance with what listed article?

A. 705.10
B. 704.12
C. 705.12
D. 704.10

245. The Unbalanced connections for PV systems are 

required to be installed in accordance with what listed 

article?

A. 705.100
B. 705.10
C. 704.100
D. 704.10

246. How many provisions does article 690 require to be 

followed when using buck/boost charge controllers 

for (PV) systems?

A. 3
B. 1
C. 2
D. 4

247. What is the ampacity for conductors in output circuits 

using buck/boost charge controllers based on?  

A. The minimum rated continuous output current 
of the charge controller

B. The maximum rated continuous output load of 
the charge controller load

C. The maximum rated continuous output power 
rating of the charge controller

D. The maximum rated continuous output current 
of the charge controller

248. What is the voltage rating for conductors in output 

circuits using buck/boost charge controllers based on?  

A. The maximum rated continuous output load of 
the charge controller load

B. The maximum voltage output of the charge 
controller

C. The minimum rated continuous output voltage 
of the charge controller

D. The maximum rated continuous output current 
of the charge controller

249. What section is required to be followed when 

terminating battery connections using fine stranded 

flexible cables?

A. 110.14(A)
B. 110.14
C. 110.13(A)
D. 110.13

250. At what maximum voltage does a PV system then 

need to comply with Article 490 for installation 

requirements?

A. 480
B. 1000
C. 600
D. 120

Exam Questions
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This module will highlight many important aspects of article 680. Article 680 is comprised of 7 different parts:
I.  General

II.  Permanently Installed Pools

III.  Storable Pools, Storable Spas, and Storable Hot Tubs

IV.  Spas and Hot Tubs

V.  Fountains

VI.  Pools and Tubs for Therapeutic Use

VII.  Hydro massage Bathtubs

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

Packaged Spa or Hot Tub Equipment Assembly. A factory fabricated unit 
consisting of water-circulating, heating, and control equipment mounted on 
a common base, intended to operate a spa or hot tub. Equipment can include 
pumps, air blowers, heaters, lights, controls, sanitizer generators, and so forth. 

Hydro massage Bathtub. A permanently installed bathtub equipped with a 
recirculating piping system, pump, and associated equipment. It is designed 
so it can accept, circulate, and discharge water upon each use.

Permanently Installed Decorative Fountains and Reflection Pools. Those that are constructed in the ground, 
on the ground, or in a building in such a manner that the fountain cannot be readily disassembled for storage, 
whether or not served by electrical circuits of any nature. These units are primarily constructed for their aesthetic 
value and are not intended for swimming or wading.

Permanently Installed Swimming, Wading, Immersion, and Therapeutic Pools. Those that are constructed in the 
ground or partially in the ground, and all others capable of holding water in a depth greater than 1.0 m (42 in.), and all 
pools installed inside of a building, regardless of water depth, whether or not served by electrical circuits of any nature.

251. A fixture that is sealed from the entry of water and is 

installed in the floor or wall of pools, spas, or fountains 

is known as a?

A. Wet-niche Luminaire
B. No-niche Luminaire
C. Dry-niche Luminaire
D. Through-wall lighting assembly 

252.  What best defines a spa or Hot tub that is fabricated 

at a factory and comes with control equipment, 

heating, and water-circulating equipment that is 

intended to use as such?

A. Spa or hot tub
B. Packaged spa or hot tub equipment assembly
C. Portable equipment
D. Cord-and-plug-connected equipment

253. Bathtubs with a recirculating piping system, pump, 

and associated equipment that is designed to be 

permanently installed best defines what listed term?

A. Hydro massage bathtub
B. Spa or hot tub
C. Pool
D. Equipment, fixed

Exam Questions

Article 680 Pools & bodies of Water
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256. What best defines equipment that is designed to 

permanently or semi permanently contain water 

on the basis that it is used for swimming, wading, 

immersion, or therapeutic purposes?

A. Fountains
B. Spa or hot tub
C. Pool
D. Hydro massage bathtub

257. What best defines a unit that is consisting of a 

therapeutic tub or hydrotherapeutic tank that has all 

the equipment integral to the unit and was factory 

fabricated?

A. Packaged Spa or Hot Tub Equipment Assembly
B. Packaged Therapeutic Tub or Hydrotherapeutic 

Tank Equipment Assembly
C. Storable Swimming, Wading, or Immersion Pool
D. Self-Contained Therapeutic Tubs or 

Hydrotherapeutic Tanks

254. What is primarily constructed for their aesthetic value and 

are either in the ground, on the ground, or in a building 

and cannot be readily disassembled for storage?

A. Permanently Installed Swimming, Wading, 
Immersion, and Therapeutic Pools   

B. Storable Swimming, Wading, or Immersion Pool  
C. Fountains
D. Permanently installed decorative fountains and 

reflection pools

255. With a purpose of holding water greater than the depth 

of 1.0 m (42 in.) and pools that are installed inside 

buildings, regardless of water depth are considered?

A. Permanently Installed Swimming, Wading, 
Immersion, and Therapeutic Pools

B. Permanently Installed Decorative Fountains and 
Reflection Pools

C. Storable Swimming, Wading, or Immersion Pool
D. Self-Therapeutic Tubs or Hydrotherapeutic Tanks 

Pool. Manufactured or field-constructed equipment designed to contain water on a permanent or semi-
permanent basis and used for swimming, wading, immersion, or therapeutic purposes.

Self-Contained Therapeutic Tubs or Hydrotherapeutic Tanks. A factory-fabricated unit consisting of a 
therapeutic tub or hydrotherapeutic tank with all water-circulating, heating, and control equipment integral 
to the unit. Equipment may include pumps, air blowers, heaters, 
light controls, sanitizer generators, and so forth.

Spa or Hot Tub. A hydro massage pool, or tub for recreational or 
therapeutic use, not located in health  care facilities, designed for 
immersion of users, and usually having a filter, heater, and motor-
driven  blower. It may be installed indoors or outdoors, on the 
ground or supporting structure, or in the ground or supporting 
structure. Generally, a spa or hot tub is not designed or intended 
to have its contents drained or discharged after each use.

Storable Swimming, Wading, or Immersion Pool. Pools; or 

Storable/Portable Spas and Hot Tubs. Those that are constructed 
on or above the ground  and are capable of holding water to a 
maximum depth of 1.0 m (42 in.), or a pool, spa, or hot tub with 
nonmetallic,  molded polymeric walls or inflatable fabric walls 
regardless of dimension.

Article 680.7 Cord-and-plug-connected equipment. According 
to the 2014 code, fixed or stationary equipment other than 
underwater luminaires, for a permanently installed pool shall 
be permitted to be connected with a flexible cord and plug to 
facilitate the removal or disconnection for maintenance or repair

Exam Questions
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258. Generally designed to not have its contents drained or 

discharged after each use best defines what listed term.

A. Pool
B. Spa or hot tub
C. Fountains
D. Hydro massage bathtub

259. What shall not be located in health care facilities but 

may be used indoors or outdoors for recreational or 

therapeutic use?

A. Spa or hot tub
B. Fountains
C. Pools
D. Forming shell

260. This is constructed above ground and only has a max 

depth of 1.0 m (42 in) best defines what listed answer?

A. Spa and hot tubs
B. Pools
C. Storable Swimming, Wading, or Immersion Pool
D. Permanently Installed Swimming, Wading, 

Immersion, and Therapeutic Pools

261.  Permanently installed pools _______ be permitted to 

be connected with a flexible cord and plug to facilitate 

the removal or disconnection for maintenance or repair.

A. Shall 
B. Must not
C. Shall not
D. Can not

Article 680.10 Underground wiring location. Underground wiring shall not be permitted under the pool 
or within the area extending 1.5 m (5 ft.) horizontally from the inside wall of the pool unless this wiring is 
necessary to supply pool equipment permitted by this article.  Where space limitations prevent wiring from 
being routed a distance 1.5 m (5 ft.) or more from the pool, such wiring shall be permitted where installed 
in complete raceway system of rigid metal conduit, intermediate metal conduit, or a nonmetallic raceway 
system. All metal conduits shall be corrosion resistant and suitable for the location.  The minimum cover 
depth shall be as given in table 680.10.

Article 680.21 Motors (A) Wiring methods 

(1) general. The branch circuits for pool-
associated motors shall be installed in rigid 
metal conduit, intermediate metal conduit, 
rigid polyvinyl chloride conduit, reinforced 
thermosetting resin conduit, or type MC 
Cable listed for the location. Other wiring 
methods and materials shall be permitted in 
specific locations or applications as covered 
in this section.  Any wiring method employed 
shall contain an insulated copper equipment 
grounding conductor sized in accordance 
with 250.122 but not smaller than 12awg.

Article 680.22 lighting, receptacles, and 

equipment (A) receptacles (1) Required 

Receptacle, Location. Where a permanently installed pool is installed, no fewer than one 125-volt, 15- or 
20-ampere receptacle on a general-purpose branch circuit shall be located not less than 1.83 m (6 ft.) from, and 
not more than 6.0 m (20 ft.) from, the inside wall of the pool.  This receptacle shall be located not more than 
2.0 m (6 ft. 6 in.) above the floor, platform, or grade level serving the pool.

680.22 Lighting, Receptacles, and Equipment (B) (1) New Outdoor Installation Clearances. Article 680 requires 
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 water level of the pool. 
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262. Underground wiring ________ be permitted under 

the pool or within the area extending ________ 

horizontally from the inside wall of the pool unless 

this wiring is necessary to supply pool equipment 

permitted by this article.

A. Shall not, 5 ft.
B. Shall not, 6 ft. 6 in
C. Shall, 5 ft.
D. Shall, 6 ft.

263. The minimum cover depth for raceways around pools 

shall be as given in what listed table?

A. 680.8
B. 680.24
C. 680.21
D. 680.10

264.  All _______ conduits around pools shall be corrosion 

resistant and suitable for the location.

A. Flexible
B. Non-metallic
C. Metal
D. PVC

265. Any wiring method employed shall contain an 

insulated copper equipment grounding conductor 

sized in accordance with ________ .

A. 250.122
B. 250.66
C. 250.32
D. 250.32 (A)

266. What is the smallest equipment grounding conductor 

allowed for use in article 680?

A. 10 awg
B. 8 awg
C. 14 awg
D. 12 awg

267. The branch circuits for pool-associated motors shall 

not be installed in which of the following?

A. Intermediate metal conduit
B. Electrical metallic tubing
C. Reinforced thermosetting resin conduit
D. Rigid polyvinyl chloride conduit

268.  How many 125v 15 or 20 amp receptacles are required 

around a permanently installed pool?

A. 2
B. 4
C. 3
D. 1

269. What is the maximum distance a required receptacle 

can be from the inside of a pool?

A. 18 ft.
B. 20 ft.
C. 16 ft.
D. 12 ft.

270. According to article 680.22, the receptacle is required 

to be located not more than __________ above the 

floor, platform, or grade level serving the pool.

A. 6 ft.
B. 5 ft.
C. 6 ft. 6in.
D. 8 ft.

271. What is the minimum distance a paddle can can be 

mounted over a permanently installed pool?

A. 1.5 m (5 ft)
B. 2.3 m (7 ft 6 in)
C. 3.0 m (10 ft.)
D. 3.7 m (12 ft)

Exam Questions
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680.22 Lighting, Receptacles, and Equipment (B) (2) Indoor Clearances. For installations in indoor pool areas, 
the clearances shall be the same as for outdoor areas unless modified as provided in this paragraph. If the branch 
circuit supplying the equipment is protected by a ground-fault circuit interrupter, 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

680.22 Lighting, Receptacles, and Equipment (B) (3) Existing Installations. Existing luminaires and lighting 
outlets located less than 1.5 m (5 ft) measured horizontally from the inside walls of a pool shall be not less than 
1.5 m (5 ft) above the surface of the maximum water level, shall be rigidly attached to the existing structure, 
and shall be protected by a ground-fault circuit interrupter.

680.22 Lighting, Receptacles, and Equipment (B) (4) GFCI Protection in Adjacent Areas. Luminaires, 
lighting outlets, and ceiling-suspended (paddle) fans installed in the area extending between 1.5 m (5 ft) 
and 3.0 m (10 ft) horizontally from the inside walls of a pool shall be protected by a ground-fault circuit 
interrupter unless installed not less than 1.5 m (5 ft) above the maximum water level and rigidly attached 
to the structure adjacent to or enclosing the pool.

680.22 Lighting, Receptacles, and 

Equipment (C) Switching Devices. Switching 
devices and where they shall be located 
around pools. They shall be at least 1.5 m 
(5 ft.) horizontally from the inside walls of 
a pool unless separated from the pool by a 
solid fence, wall, or other permanent barrier. 
Alternatively, a switch that is listed as being 
acceptable for use within 1.5 m (5 ft) shall 
be permitted.

680.23 Underwater luminaires (A)(2) 

Transformers and Power Supplies. 

Transformers and power supplies used 
for the supply of underwater luminaires, 
together with the transformer or power 
supply enclosure, shall be listed for 
swimming pool and spa use. The transformer or power supply shall incorporate either a transformer of the 
isolated winding type, with an ungrounded secondary that has a grounded metal barrier between the primary 
and secondary windings, or one that incorporates an approved system of double insulation between the 
primary and secondary windings.   

680.23 Underwater luminaires (A)(3) GFCI Protection, Relamping. A ground-fault circuit interrupter shall be 
installed in the branch circuit supplying luminaires operating at more than the low voltage contact limit such 
that there is no shock hazard during relamping. The installation of the ground-fault circuit interrupter shall 
be such that there is no shock hazard with any likely fault condition combination that involves a person in a 
conductive path from any ungrounded part of the branch circuit or the luminaire to ground.

680.23 Underwater luminaires (A)(5) Location, Wall-Mounted Luminaires. Luminaires in walls and shall be 
installed with the top 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.
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272. If the circuits are GFCI protected and you are installing 

totally enclosed luminaires in indoor pool areas, 

clearances shall be not less than a height of _____ 

above max pool water level

A. 2.3 m (7 ft 6 in)
B. 1.5 m (5 ft) 
C. 4.4 m (14.5 ft)
D. 3.7 m (12 ft.)

273. When installing luminaires and lighting outlets in 

existing locations, they shall be _____ attached and 

protected with a ______.

A. Securely, AFCI
B. Rigidly, GFCI
C. Rigidly, AFCI
D. Securely, GFCI 

274. In the area extending between 5 ft and 10 ft 

horizontally from the inside of a pool and installed less 

than 1.5 m (5 ft) above max water level the luminaires 

shall be protected by?

A. AFCI
B. Damage
C. Contact
D. GFCI

275. A switch must be installed at a minimum of 5 ft 

horizontally from the inside of a pool unless separated 

by what?

A. A building
B. Permanent barrier
C. Grass
D. Benches

276. According to article 680, there are two types of 

transformers/power supplies that shall be used, one 

that incorporates and approved system of double 

insulation between the primary and secondary 

windings or a _____?

A. Transformer of the isolated winding type, with 
an grounded secondary that has a ungrounded 
metal barrier between the primary and secondary 
windings

B. Transformer of the isolated winding type, with 
an grounded secondary that has a ungrounded 
nonmetallic barrier between the primary and 
secondary windings

C. Transformer of the isolated winding type, with 
an ungrounded secondary that has a grounded 
metal barrier between the primary and secondary 
windings

D. No listed answer

277. When relamping underwater luminaires at more than 

the low voltage contact limit, what is required to be 

installed to make sure there is a no shock hazard?

A. Double insulated luminaires
B. AFCI
C. GFCI
D. All listed answers

278. What is the minimum distance that the top of a luminaire 

lens can be set below the normal water level of a pool?

A. 24 in.
B. 18 in.
C. 36 in.
D. 12 in.

Exam Questions

680.23 Underwater luminaires (B) Wet-Niche Luminaires (1) Forming Shells. Forming shells shall be installed 
for the mounting of all wet-niche underwater luminaires and shall be equipped with provisions for conduit 
entries. Metal parts of the luminaire and forming shell in contact with the pool water shall be of brass or other 
approved corrosion-resistant metal. All forming shells used with nonmetallic conduit systems, other than 
those that are part of a listed low-voltage lighting system not requiring grounding, shall include provisions for 
terminating an 8 AWG copper conductor.

680.23 Underwater luminaires (B) Wet-Niche Luminaires (2) Wiring Extending Directly to the Forming 

Shell. Conduits shall be installed from the forming shell to a junction box or other enclosure conforming to 
the requirements in 680.24. Conduit shall be rigid metal, intermediate metal, liquidtight flexible nonmetallic, 
or rigid nonmetallic.
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(a) Metal Conduit. Metal conduit shall be approved and shall be of brass or other approved corrosion-resistant metal.

(b) Nonmetallic Conduit. Where a nonmetallic conduit is used, 
an 8 AWG insulated solid or stranded copper bonding jumper 
shall be installed in this conduit unless a listed low-voltage 
lighting system not requiring grounding is used. The bonding 
jumper shall be terminated in the forming shell, junction box 
or transformer enclosure, or ground fault circuit-interrupter 
enclosure. The termination of the 8 AWG bonding jumper in 
the forming shell shall be covered with, or encapsulated in, a 
listed potting compound to protect the connection from the 
possible deteriorating effect of pool water.

680.23 Underwater luminaires (B) Wet-Niche Luminaires (3) 

Equipment Grounding Provisions for Cords. Other than listed 
low-voltages lighting systems not requiring grounding wet-niche 
luminaires that are supplied by a flexible cord or cable shall have 
all exposed non–current carrying metal parts grounded by an 
insulated copper equipment grounding conductor that is an 
integral part of the cord or cable. This grounding conductor shall 
be connected to a grounding terminal in the supply junction 
box, transformer enclosure, or other enclosure. The grounding 
conductor shall not be smaller than the supply conductors and 
not smaller than 16 AWG.                                                                                                                         

680.23 Underwater luminaires (B) Wet-Niche Luminaires (4) 

Luminaire Grounding Terminations.  The end of the flexible-cord 
jacket and the flexible-cord conductor terminations within a luminaire shall be covered with, or encapsulated in, 
a suitable potting compound to prevent the entry of water into the luminaire through the cord or its conductors. 
If present, the grounding connection within a luminaire shall be similarly treated to protect such connection 
from the deteriorating effect of pool water in the event of water entry into the luminaire.

680.23 Underwater luminaires (B) Wet-Niche Luminaires (5) Luminaire Bonding. The Luminaire shall be 
bonded to, and secured to, the forming shell by a positive locking device that ensures a low-resistance contact 
and requires a tool to remove the luminaire from the forming shell. Bonding shall not be required for luminaires 
that are listed for the application and have no non–current-carrying metal parts. 

680.23 Underwater luminaires (B) Wet-Niche Luminaires (6) Servicing. All wet-niche luminaires that shall be removable 
from the water for inspection, relamping, or other maintenance. The forming shell location and length of cord in 
the forming shell shall permit personnel to place the removed luminaire on the deck or other dry location for such 
maintenance. The luminaire maintenance location shall be accessible without entering or going in the pool water.

279. All wet-niche underwater luminaires are required to 

be equipped with conduit entries, and what else?

A. Forming shells
B. Green ground screw
C. GFCI
D. No listed answer

280. Nonmetallic conduit for a wet niche luminaire system 

is required to include provisions for terminating what 

size copper conductor?

A. 12
B. 10
C. 14
D. 8

Exam Questions
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281. What shall be installed from the forming shell to 

a junction box or other enclosure meeting the 

requirements of 680.24?

A. Wiring
B. Conduits
C. Bonding Jumpers
D. Luminaries

282. The grounding of wet-niche luminaires using 

nonmetallic conduit is required to have a number 8 

AWG installed unless this is used?

A. Grounding type fixture
B. Non-metallic junction box
C. Listed low-voltage lighting system
D. No listed answer

283. Which of the following is not an accepted means for 

connecting an equipment grounding conductor to 

wet-niche luminaires that are supplied by a flexible 

cord or cable?

A. Grounding terminal
B. Transformer enclosure
C. Split-bolt
D. Supply junction box

284. What must be done with flexible-cord jackets 

and conductors of a wet-niche luminaire that are 

terminated within the luminaire itself to prevent water 

from entering?

A. Encapsulated in, a suitable potting compound
B. Taped
C. Nothing required
D. Glue

285. According to 680.23, what circumstance would allow 

a person to not bond an underwater luminaire?

A. Listed with appropriate UL paperwork
B. Listed and has no non-current carrying metal parts
C. Up to the individual installing the fixture
D. There is no circumstances that would allow this

286. How long does the cord of a wet-niche luminaire 

required to be for general maintenance?

A. 48 inches
B. No special instructions
C. Move to a deck or dry location
D. Service the fixture

680.23 Underwater luminaires (C) Dry-Niche Luminaires. (1) Construction. A dry-niche luminaire shall have 
provision for drainage of water. Other than listed low voltage luminaires not requiring grounding, a dry-niche 
luminaire shall have means for accommodating one equipment grounding conductor for each conduit entry.

680.23 Underwater luminaires (C) Dry-Niche Luminaires. (2) Junction Box. A junction boxes shall not be 
required but, if used, shall not be required to be elevated or located as specified in 680.24(A)(2) if the luminaire 
is specifically identified for the purpose.

680.23 Underwater luminaires (D) No-Niche 

Luminaires. A no-niche luminaire shall meet 
the construction requirements of 680.23(B)
(3) and be installed in accordance with the 
requirements of 680.23(B). Where connection 
to a forming shell is specified, the connection 
shall be to the mounting bracket.

680.23 Underwater luminaires (E) Through-

Wall Lighting Assembly.  A through-wall 
lighting assemblies shall be equipped with 
a threaded entry or hub, or a nonmetallic 
hub, for the purpose of accommodating 
the termination of the supply conduit. A 
through wall lighting assembly shall meet 
the construction requirements of 680.23(B)
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287. How many equipment grounding conductor 

termination points are required for each conduit 

when using a dry-niche luminaire?

A. 2
B. 3
C. 1
D. No Requirement

288. True or False? A junction box is required to be installed 

for each dry-niche luminaire.

A. True
B. False

289. What article is required to be followed when installing 

no-niche luminaires?

A. 680.23 (A)
B. 680.23 (B)
C. 680.24 (A)
D. 680.24 (A) (2)

290. What construction requirement must through-wall 

lighting assemblies for dry-niche luminaires meet 

according to article 680?

A. 680.23 (A)
B. 680.22 (B)
C. 680.23 (E)
D. 680.23 (B) (3)

291. When is it be permissible to use type AC cable on 

the supply side of enclosures and junction boxes 

connected to wet-niche and no-niche luminaires?

A. Installed within buildings
B. When encased in concrete
C. When protected from moisture
D. AC cable is excluded from Article 680

292.  What is the maximum total length permitted for 

liquid tight flexible conduit feeding the transformer 

that powers pool lighting? 

A. 1.8 m (6ft)
B. 3.0 m (10 ft)
C. 1.5 m (5 ft)
D. 3.7 m (12 ft)

(3) and be installed in accordance with the requirements of 680.23. Where connection to a forming shell is 
specified, the connection shall be to the conduit termination point.

680.23(F) Branch-Circuit Wiring (1) Wiring Methods. Branch-circuit wiring on the supply side of enclosures and 
junction boxes connected to conduits run to wet-niche and no-niche luminaires, and the field wiring compartments 
of dry-niche luminaires, shall be installed using rigid metal conduit, intermediate metal conduit, liquid tight flexible 
nonmetallic conduit, rigid polyvinyl chloride conduit, or reinforced thermosetting resin conduit. Where installed on 
buildings, electrical metallic tubing shall be permitted, and where installed within buildings, electrical nonmetallic 
tubing, Type MC cable, electrical metallic tubing, or Type AC cable shall be permitted. In all cases, an insulated 
equipment grounding conductor sized in accordance with Table 250.122 but not less than 12 AWG shall be required.

Exception: Where connecting to transformers for pool lights, liquidtight flexible metal conduit shall be permitted. The 
length shall not exceed 1.8 m (6 ft) for any one length or exceed 3.0 m (10 ft) in total

680.23(F) Branch-Circuit Wiring (2) Equipment Grounding. Other than listed low-voltage luminaires not requiring 
grounding, all through-wall lighting assemblies, wet-niche, dry-niche, or no-niche luminaires shall be connected to an 
insulated copper equipment grounding conductor installed with the circuit conductors. The equipment grounding 
conductor shall be installed without joint or splice except as permitted in (F)(2)(a) and (F)(2)(b). The equipment 
grounding conductor shall be sized in accordance with Table 250.122 but shall not be smaller than 12 AWG.

Exception: An equipment grounding conductor between the wiring chamber of the secondary winding of a transformer 
and a junction box shall be sized in accordance with the overcurrent device in this circuit. 
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(a) If more than one underwater luminaire is supplied by the same branch circuit, the equipment grounding 
conductor, installed between the junction boxes, transformer enclosures, or other enclosures in the supply circuit 
to wet-niche luminaires, or between the field-wiring compartments of dry-niche luminaires, shall be permitted to 
be terminated on grounding terminals.

(b) If the underwater luminaire is supplied from a transformer, ground-fault circuit interrupter, clock-operated switch, 
or a manual snap switch that is located between the panelboard and a junction box connected to the conduit that 
extends directly to the underwater luminaire, the equipment grounding 
conductor shall be permitted to terminate on grounding terminals on 
the transformer, ground-fault circuit interrupter, clock-operated switch 
enclosure, or an outlet box used to enclose a snap switch.

680.23(F) Branch-Circuit Wiring (3) Conductors. Conductors on 
the load side of a ground fault circuit interrupter or of a transformer, 
used to comply with the provisions of 680.23(A)(8), shall not occupy 
raceways, boxes, or enclosures containing other conductors unless 
one of the following conditions applies:

(1) The other conductors are protected by ground-fault circuit 
interrupters.

(2) The other conductors are grounding conductors.

(3) The other conductors are supply conductors to a feed through-
type ground-fault circuit interrupter.

(4) Ground-fault circuit interrupters shall be permitted in a panelboard 
that contains circuits protected by other than ground-fault circuit 
interrupters.

680.24 Junction Boxes and Electrical Enclosures for Transformers or Ground-Fault Circuit Interrupters (A) 

Junction Boxes (1) Construction. The construction of junction boxes that shall be listed as a swimming pool 
junction box and shall comply with the following conditions:

(1) Be equipped with threaded entries or hubs or a nonmetallic hub

(2) Be comprised of copper, brass, suitable plastic, or other approved corrosion-resistant material

(3) Be provided with electrical continuity between every connected metal conduit and the grounding terminals 
by means of copper, brass, or other approved corrosion resistant metal that is integral with the box.

680.24 Junction Boxes and Electrical Enclosures for Transformers or Ground-Fault Circuit Interrupters. (A) 
Junction Boxes (2) Installation. Where the luminaire operates over the low voltage contact limit, the junction 
box location shall comply with (A)(2)(a) and (A)(2)(b). Where the luminaire operates at the low voltage contact 
limit or less, the junction box location shall be permitted to comply with (A)(2)(c).

(a) Vertical Spacing. The junction box shall be located not less than 100 mm (4 in.), measured from the inside of 
the bottom of the box, above the ground level, or pool deck, or not less than 200 mm (8 in.) above the maximum 
pool water level, whichever provides the greater elevation.

(b) Horizontal Spacing. The junction box shall be located not less than 1.2 m (4 ft) from the inside wall of the 
pool, unless separated from the pool by a solid fence, wall, or other permanent barrier.

(c) Flush Deck Box. If used on a lighting system operating at the low voltage contact limit or less, a flush deck 
box shall be permitted if both of the following conditions are met:

(1) An approved potting compound is used to fill the box to prevent the entrance of moisture. 

(2) The flush deck box is located not less than 1.2 m (4 ft) from the inside wall of the pool.
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680.24 Junction Boxes and Electrical Enclosures for Transformers or Ground-Fault Circuit Interrupters (C) 

Protection. Junction boxes and enclosures mounted above the grade of the finished walkway around the pool 
shall not be located in the walkway unless afforded additional protection, such as by location under diving 
boards, adjacent to fixed structures, and the like.

680.24 Junction Boxes and Electrical Enclosures for Transformers or Ground-Fault Circuit Interrupters (D) 

Grounding Terminals. Junction boxes, transformer and power-supply enclosures, and ground-fault circuit 
interrupter enclosures connected to a conduit that extends directly to a forming shell or mounting bracket of 
a no-niche luminaire shall be provided with a number of grounding terminals that shall be no fewer than one 
more than the number of conduit entries.

680.24 Junction Boxes and Electrical Enclosures for Transformers or Ground-Fault Circuit Interrupters 

(E) Strain Relief. The terminations of a flexible cord of an underwater luminaire within a junction box, 
transformer or power-supply enclosure, ground-fault circuit interrupter, or other enclosure shall be provided 
with a strain relief.

293. What type of luminaire(s) does not require grounding 

with regards to article 680? 

A. 120 volt AC
B. Listed low-voltage luminaires
C. Variable voltage luminaire(s)
D. All luminaries must be grounded

294. What is the equipment grounding conductor permitted 

to do If multiple underwater luminaries are supplied 

by the same branch circuit?

A. Use split bolts for terminations
B. Sized to the largest single conductor
C. Terminate on grounding terminals
D. Sized to the largest overcurrent device

295. What provisions are load side conductors connected 

to a GFCII in pool areas required to comply with?

A. 680.23 (B) (4)
B. 680.22 (A)
C. There are no special provisions
D. 680.23 (A) (8)

296. What is NOT a construction requirement for  junction 

boxes listed for use in swimming pool areas? 

A. Having a weather proof seal, locking, and be listed
B. Equipped with threaded entries or hubs or 

nonmetallic hub
C. Be of an approved corrosion-resistant material
D. Continuity between every connected metal conduit 

297. What listed article is a luminaire that operates at 

the low voltage contact limit or less required to 

comply with?

A. 680.24 (A) (2) (a)
B. 680.24 (A) (2) (c)
C. 680.24 (A) (2) (b)
D. 680.24 (A) (2) (d)

298. What is the minimum distance a flush deck box can 

be mounted from the inside wall of a pool?

A. 3.0 m (10 ft)
B. 100 mm (8 in)
C. 1.2 m (4 ft)
D. No minimum requirement

299. What is the minimum vertical distance required for an 

over the low limit voltage contact luminaire junction 

box mounted above the max pool level?

A. 200 mm (8 in)
B. 100 mm (4 in)
C. 400 mm (16 in)
D. 50 mm (2 in)
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680.24 Junction Boxes and Electrical Enclosures for Transformers or Ground-Fault Circuit Interrupters (F) 

Grounding. The equipment grounding conductor terminals of a junction box, transformer enclosure, or other 
enclosure in the supply circuit to a wet-niche or no-niche luminaire and the field-wiring chamber of a dry-niche 
luminaire shall be connected to the equipment grounding terminal of the panelboard. This terminal shall be 
directly connected to the panelboard enclosure.

680.25 Feeders. These provisions shall apply to any feeder on the supply 
side of panelboards supplying branch circuits for pool equipment 
covered in Part II of this article and on the load side of the service 
equipment or the source of a separately derived system.

680.25 feeders (A) Wiring Methods (1) Feeders. Feeders shall be installed 
in rigid metal conduit or intermediate metal conduit. The following wiring 
methods shall be permitted if not subject to physical damage::

(1) Liquidtight flexible nonmetallic conduit  

(2) Rigid polyvinyl chloride conduit

(3) Reinforced thermosetting resin conduit

(4) Electrical metallic tubing where installed on or within a building

(5) Electrical nonmetallic tubing where installed within a building

(6) Type MC cable where installed within a building and if not subject 
to corrosive environment

680.25 feeders (B) Grounding.(1) Size. This conductor shall be sized in 
accordance with 250.122 but not smaller than 12 AWG. On separately 
derived systems, this conductor shall be sized in accordance with 
250.30(A)(3) but not smaller than 8 AWG.

300.  True or False? According to article 680, you are allowed 

to mount an above the grade junction box for GFCI’s 

under a diving board.

A. True
B. False

301. What is the requirement for grounding terminals in 

transformer or GFCI enclosures that extend to the 

forming shell or mounting bracket of a no-niche 

luminaire?

A. At least eight
B. At least one for each conduit entry
C. One more than the number of conduit entries
D. No listed answer

302.  What is the flexible cord of an underwater luminaire 

within a junction box required to have installed?

A. Strain relief
B. Forming shell
C. Approved lugs
D. An approved potting compound 

303. Where is the equipment grounding conductor 

terminals of a transformer enclosure required to be 

connected?

A. Conduit hub
B. Ground bar
C. Panelboard
D. Luminaire

Exam Questions
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304. What part of article 680 addresses feeders on the 

supply side of panelboards supplying branch circuits 

for pool equipment?

A. III
B. II
C. I
D. IV

305. If feeders are subject to the possibility of physical 

damage, what type of raceway does article 680 require?

A. Schedule 80 PVC 
B. Electrical metallic tubing
C. Rigid metal conduit
D. Either A and B

306. What is an acceptable raceway when feeders for pool 

areas are not subject to the possibility of physical 

damage?

A. Type AC cable
B. Flexible metal conduit
C. High density polyethylene conduit
D. Electrical metallic tubing

307. What is the minimum size equipment grounding 

conductor required for feeders that power pool 

equipment using a separately derived system?

A. 8 AWG
B. 6 AWG
C. 10 AWG
D. # 4

680.25 feeders (A) Wiring Methods (2) Aluminum Conduit. Aluminum conduit shall not be permitted in the 
pool area where subject to corrosion.

680.25 feeders (B) Grounding. An equipment grounding conductor shall be installed with the feeder 
conductors between the grounding terminal of the pool equipment panelboard and the grounding terminal 
of the applicable service equipment or source of a separately derived system. For other than (1) existing feeders 
covered in 680.25(A), exception, or (2) feeders to separate buildings that do not utilize an insulated equipment 
grounding conductor in accordance with 680.25(B)(2), this equipment grounding conductor shall be insulated.

680.25 feeders (B) Grounding (1) Size. This 
conductor shall be sized in accordance with 250.122 
but not smaller than 12 AWG. On separately derived 
systems, this conductor shall be sized in accordance 
with 250.30(A)(3) but not smaller than 8 AWG.

680.25 feeders (B) Grounding (2) Separate Buildings. 

A feeder to a separate building or structure shall be 
permitted to supply swimming pool equipment 
branch circuits, or feeders supplying swimming 
pool equipment branch circuits, if the grounding 
arrangements in the separate building meet the 
requirements in 250.32(B). Where installed in other 
than existing feeders covered in 680.25(A), Exception, 
a separate equipment grounding conductor shall be 
an insulated conductor.

680.26 Equipotential Bonding (A) Performance. In Article 680, the equipotential bonding required by this 
section shall be installed to reduce voltage gradients in the pool area.

680.26 Equipotential Bonding (B) Bonded Parts. The parts specified in 680.26(B)(1) through (B)(7) shall be bonded 
together using solid copper conductors, insulated covered, or bare, not smaller than 8 AWG or with rigid metal conduit 
of brass or other identified corrosion-resistant metal. Connections to bonded parts shall be made in accordance 
with 250.8. An 8 AWG or larger solid copper bonding conductor provided to reduce voltage gradients in the pool 
area shall not be required to be extended or attached to remote panelboards, service equipment, or electrodes.
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308. What exception allows running aluminum conduit in 

pool areas?

A. No exception to the rule
B. Must be bonded
C. Must use anti-oxidation for anti-corrosion
D. Approved sealant

309. What is the special provision for an equipment 

grounding conductor run with feeders to a separate 

building that do not utilize an insulated equipment 

grounding conductor?

A. No special provision
B. Shall be insulated
C. Minimum #6 AWG
D. Must be bonded

310. When sizing an equipment grounding conductor for 

feeders from a separately derived system that powers 

pool equipment, what listed section is required to 

be used?

A. 250.122
B. 250.66
C. 250.102 (C)(1)
D. 250.30 (A)(3)

311. Feeders from a separate building are permitted to 

supply swimming pool equipment branch circuits if 

what meets the requirements of 250.32 (B)?

A. UL listing
B. Grounding arrangements
C. Luminaires
D. All listed answers

312. Why is equipotential bonding in pool areas required?

A. To complete the bonding system
B. Not required
C. Reduce voltage gradients
D. To have a clear and present path to ground

313. Where is a #6 AWG solid copper bonding conductor 

used to reduce voltage gradients in pool areas not 

required to connect?

A. Remote panelboards
B. Luminaires
C. The forming shell
D. Both b and c

314. What article is required to be followed when making 

the connections to bonded parts in pool areas?

A. 250.66
B. 250.122
C. 250.32 
D. 250.8

Exam Questions

680.26 Equipotential Bonding (B) Bonded Parts (1) Conductive Pool Shells. Bonding to conductive pool 
shells shall be provided as specified in 680.26(B)(1)(a)) or (B)(1)(b). Poured concrete, pneumatically applied or 
sprayed concrete, and concrete block with painted or plastered coatings shall all be considered conductive 
materials due to water permeability and porosity. Vinyl liners and fiberglass composite shells shall be considered 
to be nonconductive materials.

(a) Structural Reinforcing Steel. Un-encapsulated structural reinforcing steel shall be bonded together by steel 
tie wires or the equivalent. Where structural reinforcing steel is encapsulated in a nonconductive compound, 
a copper conductor grid shall be installed in accordance with 680.26(B)(1)(b).

(b) Copper Conductor Grid. A copper conductor grid shall be provided and shall comply with (b)(1) through (b)(4).

(1) Be constructed of minimum 8 AWG bare solid copper conductors bonded to each other at all points of 
crossing. The bonding shall be in accordance with 250.8 or other approved means.

(2) Conform to the contour of the pool
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(3) Be arranged in a 300-mm (12-in.) by 300-mm (12-in.) network 
of conductors in a uniformly spaced perpendicular grid 
pattern with a tolerance of 100 mm (4 in.)

(4) Be secured within or under the pool no more than 150 mm 
(6 in.) from the outer contour of the pool shell

680.26 Equipotential Bonding (B) Bonded Parts (2) Perimeter 

Surfaces. The perimeter surface shall extend for 1 m (3 ft) 
horizontally beyond the inside walls of the pool and shall include 
unpaved surfaces, as well as poured concrete surfaces and other 
types of paving. Perimeter surfaces less than 1 m (3 ft) separated 
by a permanent wall or building 1.5 m (5 ft) in height or more 
shall require equipotential bonding on the pool side of the 
permanent wall or building. Bonding to perimeter surfaces shall 
be provided as specified in 680.26(B)(2)(a) or (2)(b) and shall be 
attached to the pool reinforcing steel or copper conductor grid 
at a minimum of four (4) points uniformly spaced around the 
perimeter of the pool. For nonconductive pool shells, bonding 
at four points shall not be required.

(a) Structural Reinforcing Steel. Structural reinforcing steel shall be 
bonded in accordance with 680.26(B)(1)(a).                                                                                    

(b) Alternate Means. Where structural reinforcing steel is not available or is encapsulated in a nonconductive 
compound, a copper conductor(s) shall be utilized where the following requirements are met:

(1) At least one minimum 8 AWG bare solid copper conductor shall be provided. 

(2) The conductors shall follow the contour of the perimeter surface. 

(3) Only listed splices shall be permitted. 

(4) The required conductor shall be 450 mm to 600 mm (18 in. to 24 in.) from the inside walls of the pool.

(5) The required conductor shall be secured within or under the perimeter surface 100 mm to 150 mm (4 in. 
to 6 in.) below the subgrade.

315. With regards to conductive pool shells, what is 

considered a nonconductive material?

A. plastered coatings
B. fiberglass composite shells
C. pneumatically applied concrete
D. All listed answers

316. When steel is encapsulated in a nonconductive 

compound, a copper conductor grid shall be installed 

in accordance with?

A. 680.26 (B) (1) (a)
B. 680.26 (B) (1) (b)
C. 250.8
D. 680.26 (B) (1) 

317. When constructing a copper grid pattern for 

equipotential bonding, the standard arrangement 

for the grid pattern is?

A. 150-mm (6 in) by 150-mm (6 in)
B. 450-mm (18 in) by 450-mm (18 in)
C. 100-mm (4 in) by 100-mm (4 in)
D. 300-mm (12-in) by 300-mm (12-in)

318. How many points does the bonding grid to perimeter 

surfaces need to have? 

A. 1
B. 2
C. 4
D. No listed answer

Exam Questions
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680.26 Equipotential Bonding (B) Bonded Parts (3) Metallic Components. All metallic parts of the pool structure, 
including reinforcing metal not addressed in 680.26(B)(1)(a), shall be bonded. Where reinforcing steel is encapsulated 
with a nonconductive compound, the reinforcing steel shall not be 
required to be bonded.

680.26 Equipotential Bonding (B) Bonded Parts (4) Underwater 

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

Exception: Listed low-voltage lighting systems with nonmetallic forming 
shells shall not require bonding.

680.26 Equipotential Bonding (B) Bonded Parts (5) Metal Fittings. 
When dealing with this part of article 680,  pay special attention to the 
requirements. 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 Equipotential Bonding (B) Bonded Parts (6) Electrical Equipment. 

Metal parts of electrical equipment associated with the pool water 
circulating system; including pump motors and metal parts of equipment 
associated with pool covers, including electric motors, shall be bonded.

Exception: Metal parts of listed equipment incorporating an approved 
system of double insulation shall not be bonded.

(a) Double-Insulated Water Pump Motors. Where a double-insulated water pump motor is installed under the 
provisions of this rule, a solid 8 AWG copper conductor of sufficient length to make a bonding connection 
to a replacement motor shall be extended from the bonding grid to an accessible point in the vicinity 
of the pool pump motor. Where there is no connection between the swimming pool bonding grid and 
the equipment grounding system for the premises, this bonding conductor shall be connected to the 
equipment grounding conductor of the motor circuit.

680.26 Equipotential Bonding (B) Bonded Parts (7) Fixed Metal Parts. All fixed metal parts shall be bonded 
including, but not limited to, metal-sheathed cables and raceways, metal piping, metal awnings, metal fences, 
and metal door and window frames.
Exception No. 1: Those separated from the pool by a permanent barrier that prevents contact by a person shall not 
be required to be bonded.
Exception No. 2: Those greater than 1.5 m (5 ft) horizontally of the inside walls of the pool shall not be required to be bonded.
Exception No. 3: Those greater than 3.7 m (12 ft) measured vertically above the maximum water level of the pool, 
or as measured vertically above any observation stands, towers, or platforms, or any diving structures, shall not be 
required to be bonded. 

319. If you have an unpaved perimeter surface that is 

4 ft. wide, what is the minimum distance that the 

bonding grid must be extended horizontally into 

this surface?

A. 1.5 m (5 ft)
B. 2.0 m (6 ft)
C. .5 m (1.5 ft)
D. 1.0 m (3 ft)

320. True or False? When equipotential bonding of 

perimeter surfaces, must you use a listed splice 

connector.

A.  True
B. False
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321. Reinforcing steel is not required to be ________ 

when the steel is encapsulated in a non-conductive 

compound.

A. Covered
B. Bonded
C. Intrinsically safe
D. Thermally welded 

322. All metal forming shells and mounting brackets of 

______________ shall be bonded.

A. Pool lighting
B. Pool and spa motors
C. Isolated receptacles
D. No-niche luminaires

323. What is the largest dimension that isolated parts 

do not require bonding if penetrating into the pool 

structure 1 inch or less?

A. 100 mm (4 in)
B. 200 mm (8 in)
C. 25 mm (1 in)
D. 50 mm (2 in)

324. Which of the following metal parts of electrical 

equipment with regards to pool areas is required to 

be bonded?

A. Pool covers
B. Electric motors
C. Water circulating system 
D. All listed answers

325. Why is the bonding connection of a double insulated 

water pump motor required to go from the bonding 

grid to the vicinity of the double insulated water 

pump pool motor?

A. So it reaches the grid easily
B. So it’s easily moved
C. So it’s long enough for a replacement motor
D. No listed answer

326. Which of the following does not fall under the bonding 

of fixed metal parts around pools? 

A. metal piping
B. metal doors
C. metal awnings
D. flexible metal conduit

327. What is the minimum distance horizontally from the 

inside wall of a pool where all fixed metal parts of a 

pool area are not required to be bonded?

A. 5 feet
B. 4 feet
C. 3 feet
D. 6 feet

680.26 Equipotential Bonding (C) Pool Water. Where none of the bonded parts is in direct connection with the 
pool water, the pool water shall be in direct contact with an approved corrosion-resistant conductive surface 
that exposes not less than 5800 mm2 (9 in.2) of surface area to the pool water at all times. The conductive 
surface shall be located where it is not exposed to physical damage or dislodgement

680.27 Specialized Pool Equipment (A) Underwater 

Audio Equipment (2) Wiring Methods., Rigid metal 
conduit of brass or other identified corrosion-
resistant metal, liquidtight flexible nonmetallic 
conduit (LFNC-B), rigid polyvinyl chloride conduit, or 
reinforced thermosetting resin conduit shall extend 
from the forming shell to a listed junction box or other 
enclosure as provided in 680.24. Where rigid polyvinyl 
chloride conduit, reinforced thermosetting resin 
conduit, or liquidtight flexible nonmetallic conduit 
is used, an 8 AWG insulated solid or stranded copper 
bonding jumper shall be installed in this conduit. The 
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bonding jumper shall be terminated in the forming shell and the junction box. The termination of the 8 AWG 
bonding jumper in the forming shell shall be covered with, or encapsulated in, a listed potting compound to 
protect such connection from the possible deteriorating effect of pool water.

680.27 Specialized Pool Equipment. (A) Underwater Audio Equipment (3) Forming Shell and Metal Screen. 

The forming shell and metal screen shall be of brass or other approved corrosion resistant metal. All forming 
shells shall include provisions for terminating an 8 AWG copper conductor.

680.27 Specialized Pool Equipment (B) Electrically Operated Pool Covers (1) Motors and Controllers. The 
electric motors, controllers, and wiring shall be located not less than 1.5 m (5 ft) from the inside wall of the pool 
unless separated from the pool by a wall, cover, or other permanent barrier. Electric motors installed below 
grade level shall be of the totally enclosed type. The device that controls the operation of the motor for an 
electrically operated pool cover shall be located such that the operator has full view of the pool.

Informational Note No. 1: For cabinets installed in damp and wet locations, see 312.2.  

Informational Note No. 2: For switches or circuit breakers installed in wet locations, see 404.4.

Informational Note No. 3: For protection against liquids, see 430.11.

680.27 Specialized Pool Equipment (B) Electrically Operated Pool Covers (2) Protection. The electric motor 
and controller shall be connected to a branch circuit protected by a ground-fault circuit interrupter.

680.27 Specialized Pool Equipment (C) Deck Area Heating (1) Unit Heaters. Unit heaters shall be rigidly mounted 
to the structure and shall be of the totally enclosed or guarded type. Unit heaters shall not be mounted over 
the pool or within the area extending 1.5 m (5 ft) horizontally from the inside walls of a pool.

328. What is the minimum amount of surface area required 

to bond and be in direct contact with  pool water at 

all times?

A. 10600 mm2 (18 in2)
B. 5800 mm2 (9 in2)
C. 2900 mm2 (4.5 in2 )
D. No listed answers

329. Where is the bonding jumper used with underwater 

audio equipment required to terminate?

A. Speaker
B. Underwater bracket
C. Reclamation plate
D. Forming shell

330. Which of the following is not an approved wiring 

method for underwater audio equipment with regards 

to pool areas?

A. Rigid metal conduit of brass
B. Rigid polyvinyl chloride conduit
C. Liquidtight flexible metal conduit
D. Thermosetting resin conduit

331. When using reinforced thermosetting resin conduit 

for a pool area, a solid or stranded copper bonding 

jumper of what size  is required to be in the conduit?

A. Insulated 8 AWG
B. Non-insulated 8 AWG
C. Insulated 6 AWG
D. Non-insulated 6 AWG

332. Forming shells for underwater audio equipment shall 

be made of ___________ or other approved corrosion 

resistant metal?

A. Steel
B. Brass
C. Non-metallic construction
D. All listed answers

333. Unless separated by a wall, what is the minimum 

distance that motors and controllers can be from the 

inside of the pool?

A. 1.5 m (5 ft)
B. 1.2 m (4 ft)
C. 3.7 m (12 ft)
D. 1.0 m (3 ft)

Exam Questions
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680.27 Specialized Pool Equipment (C) Deck Area 

Heating (2) Permanently Wired Radiant Heaters. Radiant 
electric heaters shall be suitably guarded and securely 
fastened to their mounting device(s). Heaters shall not 
be installed over a pool or within the area extending 1.5 
m (5 ft) horizontally from the inside walls of the pool and 
shall be mounted at least 3.7 m (12 ft) vertically above 
the pool deck unless otherwise approved.

680.31 Pumps. A cord-connected pool filter pump shall 
incorporate an approved system of double insulation 
or its equivalent and shall be provided with means for 
grounding only the internal and non-accessible non–
current-carrying metal parts of the appliance. The means 
for grounding shall be an equipment grounding conductor run with the power-supply conductors in the flexible 
cord that is properly terminated in a grounding-type attachment plug having a fixed grounding contact member. 
Cord-connected pool filter pumps shall be provided with a ground-fault circuit interrupter that is an integral part of 
the attachment plug or located in the power supply cord within 300 mm (12 in.) of the attachment plug.

680.32 Ground-Fault Circuit Interrupters Required. All electrical equipment, including power-supply cords, 
used with storable pools shall be protected by ground-fault circuit interrupters. All 125-volt, 15- and 20-ampere  
receptacles located within 6.0 m (20 ft) of the inside walls of a storable pool, storable spa, or storable hot tub shall be 
protected by a ground-fault circuit interrupter. In determining these dimensions, the distance to be measured shall 
be the shortest path the supply cord of an appliance connected to the receptacle would follow without piercing 
a floor, wall, ceiling, doorway with hinged or sliding door, window opening, or other effective permanent barrier.

Informational Note: For flexible cord usage, see 400.4

680.33 Luminaires (A) Within the Low Voltage Contact Limit. A luminaire shall be part of a cord-and-plug-
connected lighting assembly. This assembly shall be listed as an assembly for the purpose and have the following 
construction features:

(1) No exposed metal parts
(2)  A luminaire lamp that is suitable for use at the supplied voltage
(3)  An impact-resistant polymeric lens, luminaire body, and transformer enclosure
(4)  A transformer or power supply meeting the requirements of 680.23(A)(2) with a primary rating not over 

150 volts

334. Where would you find the requirements for installing 

cabinets in damp or wet locations?

A. 404.4
B. 430.11
C. 312.2
D. 314.2

335. What type of protection is required for a motorized 

pool cover motor?

A. No protection required
B. Must be GFCI
C. Fused Disconnect
D. Surge arrestor must be installed

336. What is the minimum distance horizontally from the 

inside wall of a pool that a unit heater can be installed?

A. 5 ft
B. 12 ft
C. 10 ft
D. No listed answer
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680.33 Luminaires (B) Over the Low Voltage Contact Limit But Not over 150 Volts. A lighting assembly without 
a transformer or power supply and with the luminaire lamp(s) operating at not over 150 volts shall be permitted 
to be cord-and-plug-connected where the assembly is listed as an assembly for the purpose. The installation 
shall comply with 680.23(A)(5), and the assembly shall have the following construction features:

(1)  No exposed metal parts 
(2)  An impact-resistant polymeric lens and luminaire body 
(3)  A ground-fault circuit interrupter with open neutral conductor protection as an integral part of the assembly     
(4)  The luminaire lamp permanently connected to the groundfault circuit interrupter with open-neutral protection 
(5)  Compliance with the requirements of 680.23(A)

680.34 Receptacle Locations. Receptacles shall not be located less than 1.83 m (6 ft) from the inside walls of a 
storable pool, storable spa, or storable hot tub. In determining these dimensions, the distance to be measured shall 
be the shortest path the supply cord of an appliance connected to the receptacle would follow without piercing 
a floor, wall, ceiling, doorway with hinged or sliding door, window opening, or other effective permanent barrier.

680.41 Emergency Switch for Spas and Hot Tubs. A clearly labeled emergency shutoff or control switch for 
the purpose of stopping the motor(s) that provide power to the recirculation system and jet system shall be 
installed at a point readily accessible to the users and not less than 1.5 m (5 ft.) away, adjacent to, and within 
sight of the spa or hot tub. This requirement shall not apply to single-family dwellings.

337. What is the minimum height vertically that wired radiant 

heaters around pool areas are required to be installed?

A. 17 ft.
B. 10 ft.
C. 15 ft.
D. 12 ft.

338. What is the approved system that a cord-connected 

pool filter pump shall incorporate?

A. completely isolated
B. both c and d
C. double insulated
D. GFCI protected

339. The requirement for all storable pools is that they are 

protected by?

A. GFCI
B. AFCI
C. No special requirements
D. A or B

340. When installing low voltage luminaires for storable pools, 

which of the following is a requirement for construction?

A. grounding of metal parts
B. impact-resistant polymeric lens
C. transformer must be rated over 150 volts
D. none of these meets the requirements

341. Would it be considered acceptable or a violation  for 

luminaries to be connected with a cord-and-plug-

connection that are 208/480 volts with regards to 

article 680?

A. Acceptable
B. Violation

342. What is the shortest distance that a receptacle can be 

located from the inside wall of a storable pool?

A. 1.5 m (5 ft)
B. 2.0 m (7 ft 6 in)
C. 3.0 m (10 ft)
D. 1.83 m (6 ft)

343. Besides being readily acceptable, what is an emergency 

switch for a spa or hot tub required to be?

A. less than 1.5 m (5 ft.) away
B. within sight
C. red in color
D. no higher than 1.5 m (5 ft.) above finished grade

Exam Questions
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680.42 Outdoor Installations (A) Flexible Connections. Listed packaged 
spa or hot tub equipment assemblies or self-contained spas or hot tubs 
utilizing a factory-installed or assembled control panel or panelboard 
shall be permitted to use flexible connections as covered in 680.42(A)
(1) and (A)(2).

680.42 Outdoor Installations (A) (1) Flexible Conduit. Liquidtight flexible 
metal conduit or liquidtight flexible nonmetallic conduit shall be permitted.

680.42 Outdoor Installations (A) (2) Cord-and-Plug Connections. Cord-
and-plug connections with a cord not longer than 4.6 m (15 ft) shall be 
permitted where protected by a ground-fault circuit interrupter.

680.42 Outdoor Installations (C) Interior Wiring to Outdoor Installations. 

The interior of a one-family dwelling or in the interior of another building 
or structure associated with a one-family dwelling, any of the wiring 
methods recognized in Chapter 3 of this Code that contain a copper 
equipment grounding conductor that is insulated or enclosed within 
the outer sheath of the wiring method and not smaller than 12 AWG 
shall be permitted to be used for the connection to motor, heating, and control loads that are part of a self-
contained spa or hot tub or a packaged spa or hot tub equipment assembly. Wiring to an underwater luminaire 
shall comply with 680.23 or 680.33.

680.43 Indoor Installations. When installing a spa or hot tub indoors, it shall comply with the provisions of 
Parts I and II of this article except as modified by this section and shall be connected by the wiring methods 
of Chapter 3.

Exception No. 1: Listed spa and hot tub packaged units rated 20 amperes or less shall be permitted to be cord-and 
plug- connected to facilitate the removal or disconnection of the unit for maintenance and repair.

Exception No. 2: The equipotential bonding requirements for perimeter surfaces in 680.26(B)(2) shall not apply to a 
listed self-contained spa or hot tub installed above a finished floor.

680.43 Indoor Installations (A) Receptacles. At least one 125-volt, 15- or 
20-ampere receptacle on a general-purpose branch circuit shall be located 
not less than 1.83 m (6 ft) from, and not exceeding 3.0 m (10 ft) from, the 
inside wall of the spa or hot tub.

680.43 Indoor Installations (A) (1) Location. Receptacles shall be located at least 
1.83 m (6 ft) measured horizontally from the inside walls of the spa or hot tub.

680.43 Indoor Installations (A) (2) Protection, General. Receptacles rated 
125 volts and 30 amperes or less and located within 3.0 m (10 ft) of the inside 
walls of a spa or hot tub shall be protected by a ground fault circuit interrupter.   

(3) Protection, Spa or Hot Tub Supply Receptacle. Receptacles that provide 
power for a spa or hot tub shall be ground-fault circuit-interrupter protected. 

(4) Measurements. In determining the dimensions in this section addressing 
receptacle spacing, the distance to be measured shall be the shortest path 
the supply cord of an appliance connected to the receptacle would follow 
without piercing a floor, wall, ceiling, doorway with hinged or sliding door, 
window opening, or other effective permanent barrier.
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344. What type of raceway is permitted for a listed packaged 

hot tub assembly? 

A. electrical metallic conduit
B. both c and d
C. liquidtight flexible nonmetallic conduit
D. liquidtight flexible metal conduit

345. Cord-and-plug connections are permitted in outdoor spa 

and hot tub installations as long as the cord is less than?

A. 3.0 m (10 ft)
B. 6.0 m (20 ft)
C. 4.6 m (15 ft)
D. 3.7 m (12 ft)

346. What chapters wiring methods are required to be used 

when installing wiring from the inside of a single-

family dwelling to an outdoor spa or hot tub?

A. chapter 2
B. chapter 3
C. chapter 6
D. chapter 1

347. True or False?  a spa or hot tub installation indoors is 

permitted if  the unit is rated at 30 amps or less.

A. True
B. false

348. A customer has an indoor hot tub that is 9 ft. away from 

the nearest 15 amp outlet. What is the requirement 

for this outlet?

A. GFCI protected
B. no special requirement
C. must be 20 amp rated
D. must be 20 amp rated and GFCI protected

349. The receptacles for an indoor spa or hot tub must 

always be located so that the supply cord is?

A.  Away from physical damage
B.  Ran so there is no tripping hazard
C.  Ran the shortest path
D.  No special requirements

Exam Questions

680.43 Indoor Installations (D) Bonding. The following parts shall be bonded together:

(1) All metal fittings within or attached to the spa or hot tub structure 
(2) Metal parts of electrical equipment associated with the spa or hot tub water circulating system, including 
pump motors, unless part of a listed self-contained spa or hot tub
(3) Metal raceway and metal piping that are within 1.5 m (5 ft) of the inside walls of the spa or hot tub and that 
are not separated from the spa or hot tub by a permanent barrier
(4) All metal surfaces that are within 1.5 m (5 ft) of the inside walls of the spa or hot tub and that are not separated 
from the spa or hot tub area by a permanent barrier

Exception: Small conductive surfaces not likely to become energized, such as air and water jets and drain fittings, 
where not connected to metallic piping, towel bars, mirror frames, and similar nonelectrical equipment, shall not be 
required to be bonded.

(5) Electrical devices and controls that are not associated with the spas or hot tubs and that are located less 
than1.5 m (5 ft) from such units; otherwise, they shall be bonded to the spa or hot tub system.

680.43 Indoor Installations (E) Methods of Bonding. All metal parts associated with the spa or hot tub shall 
be bonded by any of the following methods:

(1) The interconnection of threaded metal piping and fittings
(2) Metal-to-metal mounting on a common frame or base
(3) The provisions of a solid copper bonding jumper, insulated, covered, or bare, not smaller than 8 AWG

680.43 Indoor Installations (G) Underwater Audio Equipment. Underwater audio equipment shall comply 
with the provisions of Part II of this article.
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680.43 Indoor Installations (B) Installation of 

Luminaires, Lighting Outlets, and Ceiling-Suspended 

(Paddle) Fans. (1) Elevation. This part of article 680 
describes indoor luminaries in spa and hot tub areas, 
luminaries except as covered in 680.43(B)(2), lighting 
outlets, and ceiling-suspended (paddle) fans located 
over the spa or hot tub or within 1.5 m (5 ft) from the 
inside walls of the spa or hot tub shall comply with the 
clearances specified in (B)(1)(a), (B)(1)(b), and (B)(1)(c) 
above the maximum water level. 

(a) Without GFCI. Where no GFCI protection is provided, 
the mounting height shall be not less than 3.7 m (12 ft). 

(b) With GFCI. Where GFCI protection is provided, the mounting height shall be permitted to be not less than 
2.3 m (7 ft 6 in.).

(c) Below 2.3 m (7 ft 6 in.). Luminaires meeting the requirements of item (1) or (2) and protected by a ground 
fault circuit interrupter shall be permitted to be installed  less than 2.3 m (7 ft 6 in.) over a spa or hot tub:

(1)  Recessed luminaires with a glass or plastic lens, nonmetallic or electrically isolated metal trim, and suitable 
for use in damp locations

(2)  Surface-mounted luminaires with a glass or plastic globe, a nonmetallic body, or a metallic body isolated 
from contact, and suitable for use in damp locations.

Tubs 680.44 Protection. According to article 680.44, everything except as otherwise provided in this section, 
the outlet(s) that supplies a self-contained spa or hot tub, a packaged spa or hot tub equipment assembly, or 
a field assembled spa or hot tub shall be protected by a ground-fault circuit interrupter.

(A) Listed Units. If so marked, a listed self-contained unit or listed packaged equipment assembly that includes integral 
ground-fault circuit-interrupter protection for all electrical parts within the unit or assembly (pumps, air blowers, 
heaters, lights, controls, sanitizer generators, wiring, and so forth) shall be permitted without additional GFCI protection.

(B) Other Units. A field-assembled spa or hot tub rated 3 phase or rated over 250 volts or with a heater load of 
more than 50 amperes shall not require the supply to be protected by a ground-fault circuit interrupter.

680.50 General. The provisions of Part I and Part V of this article shall apply to all permanently installed fountains 
as defined in 680.2. Fountains that have water common to a pool shall additionally comply with the requirements 
in Part II of this article. Part V does not cover self-contained, portable fountains. Portable fountains shall comply 
with Parts II and III of Article 422.

680.51 Luminaires, Submersible Pumps, and Other Submersible Equipment. (F) Servicing. All equipment 
shall be removable from the water for relamping or normal maintenance. Luminaires shall not be permanently 
embedded into the fountain structure such that the water level must be reduced or the fountain drained for 
relamping, maintenance, or inspection.

350. What is the minimum height that a paddle fan can 

be mounted above an indoor spa without GFCI 

protection?

A. 2.3 m (7 ft 6 in)
B. 3.0 m (10 ft)
C. Must always be GFCI protected
D. 3.7 m (12 ft)

Exam Questions
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Article 250.1 Scope. 

Article 250 is organized into 10 different parts that deal with specific requirements with regards to bonding 
and grounding. The specific parts are as follows:

(I) General

(II) System Grounding 

(III) Grounding Electrode System and Grounding electrode Conductor

(IV) Enclosure, raceway, and service Cable Grounding

(V) Bonding

(VI) Equipment grounding and Equipment grounding Conductors

(VII) Methods of Equipment Grounding

(VIII) Direct Current Systems

(IX) Instruments, Meters, Relays

(X) Grounding of Systems and Circuits of over 1000 Volts

Article 250.2 Supply Side Bonding Jumper
This definition was added in the 2011 code cycle and states: A conductor installed on the supply side of a 
service or within a service equipment enclosure(s), or for a separately derived system that ensures the required 
electrical conductivity between metal parts required to be electrically connected.

250.3 Application of Other Articles. The 2014 Code 
requires for other articles applying to particular 
cases of installation of conductors and equipment, 
grounding and bonding requirements are identified 
in Table 250.3 that are in addition to, or modifications 
of, those of this article.

250.4 (A)(1) Electrical System Grounding. Electrical 
systems that are grounded are required to 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.

250.4(A)(4) Bonding of Electrically Conductive Materials and other Equipment. Normally non–current-carrying 
electrically conductive materials that are likely to become energized shall be connected together and to the 
electrical supply source in a manner that establishes an effective ground fault current path.

250.6 (A) Arrangement to Prevent Objectionable Current. The grounding of electrical systems, circuit 
conductors, surge arresters, surge-protective devices, and conductive normally non–current-carrying metal 
parts of equipment shall be installed and arranged in a manner that will prevent objectionable current.

250.6 (C) Temporary Currents Not Classified as Objectionable Currents.  Temporary currents resulting from 
abnormal conditions, such as ground faults, shall not be classified as objectionable current for the purposes 
specified in 250.6(A) and (B).

Article 250 Grounding & Bonding
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351. A new hospital is being built that has a 13,800 volt 

main. The grounding and bonding for this scenario 

would be referenced in part ________.

A. V 
B. IV 
C. IX 
D. X 

352. An instrument transformer is required to be connected 

to an equipment grounding conductor, and specific 

requirements to accomplish this activity would be 

located in part _______ of article 250.

A. IX 
B. X 
C. VII
D. IV

353. While working at an aluminum smelter, you are asked 

to do all the grounding for a 200 volt direct current 

crane. What part of article 250 should be referenced?

A. V 
B. VIII
C. IX 
D. X

354. If you wanted to know the method of exactly how to 

ground cord and plug connected equipment, part 

________ would be used.

A. IX 
B. I 
C. VII
D. II

355. The equipment grounding conductor required to 

serve a 400 amp panel would be determined in part 

________ of article 250.

A. VI 
B. IV 
C. X 
D. IX

356. Information as to ensure electrical continuity and the 

capacity to conduct any fault current that might be 

imposed through bonding would be referenced in 

part _______ of article 250.

A. IV 
B. III 
C. VI 
D. V

357. How many parts is Article 250 comprised of?

A) 7
B) 10
C) 5
D) 8

358. What section of Article 250 describes the scope of the 

article?

A) 250.6 (C)
B) 250.4(A)(4)
C) 250.2
D) 250.1

359. What part of Article 250 would you find the correct 

method of bonding enclosures?

A) V
B) VI
C) IV
D) III

360. When looking for some basic general information in 

article 250 like definitions and basic objectives, part 

________ of this article is where you would look.

A. II
B. I 
C. III
D. IV

361. The supply side bonding jumper ensures electrical 

________ between metal parts.

A. Current 
B. Voltage 
C. Conductivity 
D. Power 

362. Grounded systems are required to be connected to 

earth in such a way as to limit voltage due to ________.

A. Unintentional contact with higher-voltage lines
B. Lightning strikes
C. Line surges
D. All listed answers

363. What table in the National Electrical Code would you 

find specific bonding requirements? 

A. Article 230
B. Article 670
C. Article 250.3 
D. No listed answer

Exam Questions
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364. Non-current metal parts are required to be installed 

to prevent ________.

A. Dust build up
B. Heat
C. Objectionable current
D. Spikes

365. Article 250.6(A. and (B).classifies ground faults as ______.

A. Objectionable current
B. Temporary currents
C. Impaired current
D. Stray currents

366. True or False? An effective ground fault current path 

shall be established if non-current carrying conductive 

materials are likely to become energized and shall be 

connected together. 

A. True
B. False

250.6 (E) Isolation of Objectionable Direct-Current Ground Currents. Where isolation of objectionable dc 
ground currents from cathodic protection systems is required, a listed ac coupling/dc isolating device shall 
be permitted in the equipment grounding conductor path to provide an effective return path for ac ground-
fault current while blocking dc current.

250.8 (B) Methods Not Permitted. Article 250 requires the connection devices or fittings that depend solely 
on solder shall not be used.

250.12 Clean Surfaces. Nonconductive coatings (such as paint, lacquer, and enamel) on equipment to be grounded 
shall be removed from threads and other contact surfaces to ensure good electrical continuity or be connected 
by means of fittings designed so as to make such removal unnecessary.

250.20 (A) Alternating-Current Systems of Less Than 50 Volts. As required by 
this code, alternating-current systems of less than 50 volts shall be grounded 
under any of the following conditions:
(1)  Where supplied by transformers, if the transformer supply system exceeds 

150 volts to ground
(2)  Where supplied by transformers, if the transformer supply system is ungrounded
(3)  Where installed outside as overhead conductors 

250.20 (C) Alternating-Current Systems of 1 kV and Over. Alternating-current 
systems supplying mobile or portable equipment shall be grounded as specified 
in 250.188. Where supplying other than mobile or portable equipment, such 
systems shall be permitted to be grounded.

250.20 (D) Impedance Grounded Neutral Systems. Impedance grounded 
neutral systems shall be grounded in accordance with 250.36 or 250.187.

250.21(C) Ground Detectors. Marking

Subsection (C) was added in the 2014 Code. This section requires ungrounded systems to be marked at the 
source of the first disconnecting means. The marking at this location shall read “Caution: Ungrounded System 
Operating — _____Volts Between Conductors” and the marking must be legible and able to withstand the 
environment where it is located.

250.24(C)(1)&(2) Grounded Conductor Brought to Service Equipment.

Some verbiage changes have taken place with regards to this article concerning the grounded conductor. When installed 
in a single raceway, the grounded conductor cannot be smaller than the grounding electrode conductor selected from 
Table 250.102(C)(1); moreover, the grounded conductor is not required to be larger than the ungrounded conductors.

If the ungrounded service conductors are installed in parallel in more than one raceway, then the grounded 
conductor must be installed in parallel as well. Table  250.102(C)(1) will be used to select the grounded conductor 
based on the size of the largest service entrance conductors and shall not be smaller than 1/0 when run in parallel.
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367. If isolation of objectionable DC current is required, it 

is must be installed in the ________ path.

A. Equipment grounding conductor
B. Grounding conductor
C. Grounded conductor
D. Bonding jumper

368. A fitting used to connect a grounding system that 

depends solely on solder ________ be used.

A. Will
B. Shall
C. Can
D. Shall not 

369. Equipment that is being grounded is required to have 

________ coatings removed at the point of connection.

A. Lacquer
B. Paint
C. Enamel
D. All listed answers 

370. An AC system that operates at 50 volts or less must 

be grounded if ________.

A. Installed outside as overhead conductors
B. Supplied by transformers, if the transformer supply 

system is ungrounded
C. Supplied by transformers, if the transformer supply 

system exceeds 150 volts to ground
D. All listed answers 

371. An AC system that operates at 1200 volts and supplies 

portable equipment is required to be grounded in 

accordance with ________.

A. 250.66
B. 250.188
C. 250.122
D. 250.52(A)

372. The grounding for an impedance grounded neutral 

system has ________ option(s).

A. 4
B. 3
C. 2 
D. 1

373. Ungrounded systems are required to be marked at 

the ________ disconnecting means.

A. New
B. First 
C. Second 
D. Last 

374. When marking ungrounded systems, the marking 

shall legibly read " ________ ".

A. Ungrounded system
B. Do not touch 
C. “Caution: Ungrounded System Operating Between 

Conductors” 
D. “Caution: Ungrounded System Operating — 

_____Volts Between Conductors”

375. Would it be considered acceptable or a violation to 

mark an ungrounded system located in a wet corrosive 

environment with un-protected normal paper?

A. Acceptable
B. Violation 

376. In a single raceway, the grounded conductor cannot 

be sized smaller than the_________.

A. Grounded conductor
B. Ungrounded conductor
C. Grounding electrode conductor  
D. Equipment grounding conductor 

377. True or False? The grounded conductor is required to 

be larger than the ungrounded conductors.

A. True
B. False 

378. The grounding electrode conductor is sized using 

table_______.

A. 310.16
B. 250.122 
C. 250.66 
D. 250.102(C)(1)

379. What table is required to be used to size the grounded 

conductor when brought to service equipment?

A. 250.66
B. 250.122
C. 250.102(C)(1)
D. 250.66(A)(1)

380. What is the smallest size conductor that can be used 

for the grounded conductor when it is run in parallel?

A. #1
B. # 2
C. # 3 
D. 1/0 

Exam Questions
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381. To make a generator considered a separately derived 

system, a transfer switch needs to switch the ________ 

conductor.

A. Ungrounded
B. Grounding
C. Grounded 
D. Phase 

382. A transformer is always considered a _________.

A. Branch circuit
B. Separately derived system 
C. Utility operated device
D. Generator

250.30 Grounding Separately Derived Alternating Current Systems. Informational Note 1

An alternate ac power source, such as on site generators are not considered a separately derived system if the 
grounded conductor (neutral) is solidly connected to the service supplied grounded conductor. What would 
make a generator a separately derived system is if a transfer switch also switched the grounded conductor 
(neutral). A transformer is always considered a separately derived system.

250.30(C) Grounding Separately Derived 

Alternating Current Systems. Outdoor Source

If a separately derived system is located outside, a 
connection to one or more grounding electrodes 
it is required at the source to comply with 250.50. 
The reason for connecting grounding electrodes to 
separately derived systems at the source is to protect 
them from lightning strikes and other voltage spikes 
that could cause damage to transformers and 
generators. By connecting grounding electrodes 
to sources in this manner, we can limit possible 
damage from these voltage spikes.  

250.32(B)(1) Buildings or Structure supplied by a feeder or branch circuit.

An equipment grounding conductor, as described in 250.118, shall be run with the supply conductors and be 
connected to the building or structure disconnecting means and to the grounding electrode(s). The equipment 
grounding conductor shall be used for grounding or bonding of equipment, structures, or frames required 
to be grounded or bonded. The equipment grounding conductor shall be sized in accordance with 250.122. 
Any installed grounded conductor shall not be connected to the equipment grounding conductor or to the 
grounding electrode(s).

250.52 Grounding Electrodes 
(A) Electrodes Permitted for Grounding.

(1) Metal Underground Water Pipe. A metal underground water pipe in direct contact with the earth for 3.0 
m (10 ft) or more (including any metal well casing bonded to the pipe) and electrically continuous (or made 
electrically con tenuous by bonding around insulating joints or insulating pipe) to the points of connection of 
the grounding electrode conductor and the bonding conductor(s) or jumper(s), if installed.

250.68 (C) Grounding Electrode Connections. Grounding electrode conductors and bonding jumpers shall 
be permitted to be connected at the following locations and used to extend the connection to an electrode(s):
(1) Interior metal water piping located not more than 1.52 m (5 ft) from the point of entrance to the building shall 
be permitted to be used as a conductor to interconnect electrodes that are part of the grounding electrode system.

Exam Questions
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383. The grounding electrode connections need to be 

made at the ________ location.

A. Pole
B. Last 
C. Property 
D. Source 

384. Grounding electrode systems help protect source 

equipment like transformers and generators from 

voltage __________.

A. Spikes 
B. Lags 
C. Drains 
D. Systems 

385. Would it be considered acceptable or a violation to 

run an equipment grounding conductor with a circuit 

that is feeding a detached garage?

A. Acceptable 
B. Violation 

386. What table is used to size an equipment grounding 

conductor?

A. 310.15a
B. 250.66 
C. 250.122  
D. 310.16

387. Besides the out building disconnect, where is an 

equipment grounding conductor as described in 

250.118 required to connect? 

A. Service equipment ground bus
B. Neutral
C. Grounding electrode(s
D. Grounded Conductor

388. A metal water pipe that has a minimum of ________ 

ft in direct contact with the earth is considered 

grounding electrode.

A. 8
B. 7 
C. 10 
D. 5 

389. The grounding electrode conductor is required to connect 

to a buried metal water pipe within _____ ft of where it 

enters a building barring the use of any exceptions.

A. 5 
B. 6 
C. 8 
D. 10 

390. The part of a metal water pipe that extends into a 

building could now be considered a ________.

A. Electrode
B. Grounding electrode 
C. Grounding electrode conductor 
D. Bonding jumper 

Article 250.52(A)(2) Metal frame of The Building or Structure.

(2) Metal Frame of the Building or Structure. The metal frame of the building or 
structure that is connected to the earth by one or more of the following methods:
(1) At least one structural metal member that is in direct contact with the 
earth for 3.0 m (10 ft) or mor e, with or without concrete encasement.
(2) Hold-down bolts securing the structural steel column that are connected 
to a concrete-encased electrode that complies with 250.52(A)(3) and is located 
in the support footing or foundation. The hold-down bolts shall be connected 
to the concrete-encased electrode by welding, exothermic welding, the usual 
steel tie wires, or other approved means.

Article 250.52(A)(3) Concrete-Encased Electrode.

A 1/2 in diameter 20 ft. long bare or galvanized steel reinforced bar is 
considered a concrete encased electrode. Separate pieces of rebar tied 
together that equal 20 ft. would also meet the requirements of a concrete 
encased electrode. If rebar is not available, a bare #4 copper conductor at 
least 20 ft long can also be used as a grounding electrode if it is encased 
in a minimum of 2 inches of concrete laying vertically or horizontally in a 
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391. Building steel can be used as a grounding electrode if 

at least ________ ft. of the structure is in direct contact 

with the earth.

A. 6
B. 8 
C. 9 ½
D. 10 

392.  Metal frames of buildings and structures can be used 

as a grounding electrode if at least one structural 

member is in direct contact with the earth for a 

minimum of _____ ft. encased.

A. 10
B. 6
C. 10
D. 5

393. Hold down bolts used to secure a building column 

can be used as a grounding electrode if the bolts are 

connected to the ________.

A. Earth
B. Concrete 
C. A PVC pipe 
D. Concrete encased electrode 

394. A piece of rebar 20 ft. long meets the requirement for 

a concrete encased electrode provided the rebar is a 

minimum ________ in diameter.

A. 1/4 in
B. 3/8 in  
C. 1/2 in 
D. 3/16 in 

395. A concrete encased electrode must be a minimum of 

________ ft. long.

A. 20 
B. 17 
C. 18 
D. 16 

396. Would it be considered acceptable or a violation to 

tie 2 11' pieces of rebar together with tie wire and use 

that as a concrete encased electrode provided the 2 

pieces of rebar tied together were over 20' and the 

rebar was 1/2 inches in diameter?

A. Acceptable 
B. Violation 

397. A piece of # ________ bare copper could be used as a 

concrete encased electrode provided it was encased in 

the minimum amount of concrete and length required..

A. 8 
B. 6 
C. 4
D. 10 

footing or column as long as the footing is in direct contact with the earth. 
A new informational note has been added that indicates concrete with a vapor barrier or other film that separates 
the concrete from the earth is not considered in direct contact with the earth.

Article 250.53(A)(3) Grounding Electrode Installation. Rod, Pipe and Plate electrodes. Supplemental 

Electrode Required

This general rule requires when a plate electrode, pipe, or driven rod is used as an electrode, a supplemental electrode 
is required. The electrodes listed in 250.52(A)(2) through (A)(8) can be used as a supplemental electrode. When using a 
ground rod or pipe as the supplemental electrode, it shall be spaced a minimum of 6 ft. away from the first electrode.
Exception: If using a single electrode and the resistance is 25 ohms or less, then a supplemental electrode will 
not be required.

250.53 (D) (1) Continuity. Continuity of the grounding path or the bonding connection to interior piping shall 
not rely on water meters or filtering devices and similar equipment.

250.53 (H) Plate Electrode. Plate electrodes shall be installed not less than 750 mm (30 in.)below the surface 
of the earth.
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398. How many inches of concrete is a wire concrete encased 

electrode required to be covered?

A. 2 
B. 1 
C. 1 1/2
D. 1/2 

399. True or False? The concrete in which an electrode is 

encased does not have to be in direct contact with 

the earth.

A. True
B. False 

400. When using a plate, pipe, or driven rod as an electrode, 

a supplemental electrode is ________.

A. Not required
B. Suggested 
C. Now modified 
D. Required 

401. When using a rod or pipe supplemental electrode, it 

shall be spaced a minimum of ________ ft. from the 

first electrode.

A. 8 
B. 4 
C. 6 
D. 2 

402. The electrodes listed in ___________ can be used as 

a supplemental electrode.

A. 210.42(A)(2.) through (A)(8)
B. 250.52(A)(2) through (A)(8)
C. 250.53(A)(3) though (A)(9)
D. No listed answers

403. If a single electrode has a resistance of ________ ohms 

or less, than a supplemental electrode is not required.

A. 43
B. 27 
C. 30 
D. 25 

404. Continuity of the grounding path or bonding 

connection to interior piping shall not rely on:

A. Both B and C
B. Water meters
C. Filtering devices and similar equipment
D. Neither A nor B

405. What is the minimum depth that a plate electrode is 

required to be buried? 

A. 48 inches
B. 36 inches
C. 30 inches 
D. 24 inches

Article 250.64(B) Grounding Electrode Conductor Installation. Securing and protection against Physical Damage

Grounding Electrode Conductors are now permitted to be installed through framing members. This takes into 
consideration that the framing members adequately protect the grounding electrode conductor from physical 
damage.

Article 250.64(D)(1) grounding Electrode Installation. Service with Multiple Disconnecting means Enclosures. 

Common Grounding Electrode Conductor and taps

A service that has multiple grounding electrode taps due to multiple disconnects shall connect to a common 
grounding electrode conductor that is connected to a common busbar for these connections. The busbar 
shall be at least 1/4 in. x 2 in. aluminum or copper and shall be securely fastened in an accessible location. The 
connections to this busbar shall be made by a listed connector or by exothermic welding.

Article 250.68(C) Conductor and Bonding Jumper Connection to Grounding Electrodes. Metallic Water Pipe 

and Structural Metal

This section allows a buried metal water pipe that enters a building within 5 ft. to bond directly to building steel 
that is above ground. This provides a path to the grounding electrode and provides a way to tie everything into 
the grounding electrode system.

The metal water pipe within 5 ft of entering the building is now permitted to be used as a conductor path to connect 
all electrodes together that are part of the grounding electrode system. The buried metal water pipe that is in contact 
with the earth can only be considered an electrode if it is in direct contact with the earth for a minimum of 10 ft.
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250.92(B) Method of Bonding at the service. This section 
requires bonding jumpers to be used around reducing washers, 
oversized eccentric and concentric knockouts for conduits that 
contain service conductors.  The code calls this an “impaired 
connection” and the use of bonding jumpers is required around 
such connections. Service conductors do not have overcurrent 
protection ahead of them so it is extremely important to ensure 
a low impedance path for any fault currents that may occur. This 
section now clarifies that bonding around reducing washers, 
oversized eccentric, and concentric knockouts are now required 
when raceways contain service conductors.

250.94 Bonding for other systems. An intersystem bonding 
termination point is required to be accessible to bond systems 
covered in 770 and Chapter 8. This point shall be installed 
external to enclosures at the service equipment or metering 
equipment enclosures as well as at the disconnecting means 
for other buildings and structures.  Intersystem Bonding 
terminations are required to comply with 6 different provisions 
as listed in 250.94 of this code.

250.98 Bonding Loosely Jointed Metal Raceways. Expansion 
fittings and telescoping sections of metal raceways to be 
made electrically continuous by equipment bonding jumpers 
or other means.

250.102(A) Material. Article 250 requires bonding jumpers to be made of copper or other corrosion-resistant 
material. A bonding jumper shall be a wire, bus, screw, or similar suitable conductor.

406. Would it be acceptable or a violation to run the 

grounding electrode conductor for a 400 amp service 

through metal stud framing members?

A. Acceptable 
B. Violation 

407. If a service has multiple disconnecting enclosures, 

then all the grounding electrode taps need to connect 

to a common _________.

A. Grounded conductor
B. Grounding electrode conductor 
C. Equipment grounding conductor 
D. Phase conductor 

408. When multiple electrode taps connect to a common 

busbar where the grounding electrode conductor is 

also connected, the busbar is required to be of what 

dimensions? 

A. 1/4 in. x 2 in. 
B. 1/2 in. x 2 in. 
C. 1 in. x 3 in. 
D. 2 in. x 2 in. 

409. When connecting grounding electrode taps to a 

common busbar where the common grounding 

electrode conductor is also connected, the approved 

method for attachment to the common busbar is by 

a ________ connector or exothermic welding.

A. CO/AL
B. Designed 
C. Copper 
D. Listed 
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410. When using a common busbar for multiple grounding 

electrode taps connected to a common grounding 

electrode conductor, the busbar shall be located in 

a (an) ________ location.

A. Open
B. Guarded
C. Accessible 
D. Shielded 

411. The code allows a buried metal water pipe entering a 

building within ________ ft. to tie directly to building 

steel as to provide a path to the grounding electrode.

A. 6
B. 5 
C. 7 
D. 10 

412. For a metal water pipe to be considered a grounding 

electrode, it must be in direct contact with the earth 

for a minimum of ________ ft.

A. 2
B. 5 
C. 9 
D. 10

413. If installing a conduit that has service conductors 

inside using reducing washers, the use of a ________ 

is now required to ensure a low impedance path for 

any fault currents.

A. Lock nut
B. Meyer’s hub
C. Bonding jumper 
D. All listed answers

414. Using reducing washers, oversized concentric or 

eccentric knockouts without any bonding jumpers for 

conduits that contain service conductors is known as 

a (an)_________ connection.

A. Grounded
B. Impaired
C. Solid 
D. Bonding

415. An intersystem bonding point is required to be 

_________ to the metering and service equipment.

A. Internal
B. External 
C. Integral
D. All listed answers

416. This code has ________ different requirements for 

inter system bonding

A. 3
B. 5
C. 6
D. 7

417. If using an expansion joint on a 2” aluminum conduit, 

the code requires a (an)________ to be installed around 

the expansion joint.

A. Equipment bonding jumper
B. Equipment grounding conductor
C. Grounding jumper
D. Both C and B

418. A bonding jumper can be a ________.

A. Wire
B. Bus
C. Screw
D. All listed answers 

250.102(C)(1)&(2) Size Supply-side Bonding Jumper. The supply side bonding jumper is installed before 
the service equipment overcurrent protective device and provides electrical conductivity between the metal 
parts of the service equipment.  The supply side Bonding jumper is required to be sized using table 250.102(C)
(1). If the ungrounded supply conductors are larger than 1100 kcmil copper or 1750 kcmil aluminum, then as 
required by this code, the supply side bonding jumper shall be no less than 12 ½ percent of the area of the 
largest ungrounded supply conductor set.

250.102 (E) Installation. Bonding jumpers or conductors and equipment bonding jumpers shall be permitted 
to be installed inside or outside of a raceway or an enclosure.

250.102 (E)(1) Inside a Raceway or an Enclosure. If installed inside a raceway, equipment bonding jumpers 
and bonding jumpers or conductors must comply with the requirements of 250.119 and 250.148.
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250.102 (E)(2) Outside a Raceway or an 

Enclosure. If installed on the outside of a 
raceway, the length of a bonding jumper or 
conductor or equipment bonding jumper shall 
not exceed 1.8 m (6 ft) and shall be routed with 
the raceway or enclosure.

250.104(A)(1) General. Metal water piping 
system installed in or attached to a building 
or structure is required to be bonded to the 
service equipment enclosure, the grounded 
conductor at the service, the grounding 
electrode conductor where of sufficient size, or 
to the one or more grounding electrodes used.

250.104(C) Structural Metal. Bonding of piping 
systems and exposed structural steel. Interconnected structural steel that is likely to become energized is required by 
this code to be bonded to the service equipment enclosure, grounding electrode, grounding electrode conductor 
(if of sufficient size), and the grounded conductor at the service.  This bonding jumper is required to be sized using 
table 250.66 and is based on the largest ungrounded branch circuit or feeder. Bonding jumper points of attachment 
are required to be accessible unless allowed by 250.68(A) Exception No. 2 to be covered by fireproofing material.

250.106 Lightning Protection Systems. The lightning protection system ground terminals shall be bonded to 
the building or structure grounding electrode system.

419. Table ________ is used to size the supply side bonding 

jumper.

A. 250.122
B. 250.102(C)(1)
C. 250.104
D. 250.121

420. If you are installing 2000 Kcmil aluminum ungrounded 

supply conductors for a service, the supply side 

bonding jumper needs to be sized not less than 

________% of the largest supply conductor set.

A. 13
B. 12 ¼
C. 12 ½
D. 10

421. A set of 1250 kcmil copper ungrounded service 

entrance conductors in a single raceway would require 

a ________ copper supply side bonding jumper.

A. 1/0
B. 3/0
C. 4/0
D. # 2

422. Would it be considered acceptable or a violation of 

this code to install a bonding jumper outside of a 

raceway.

A. Acceptable
B. Violation

423. A bonding jumper is required to comply with ________ 

if installed in a raceway.

A. 250.118
B. 250.119 and 250.148 
C. 250.66 and 250.122
D. No listed answer

424. An equipment bonding jumper installed outside of 

a raceway cannot exceed ________ feet.

A. 6
B. 5
C. 4
D. 3
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425. A metal water pipe in a strip mall is required to be 

connected to the ________.

A. Grounded conductor at the service 
B. Grounding electrodes
C. Service equipment enclosure
D. All listed answers

426. True or False? The points of attachment for bonding 

jumpers are always required to accessible.

A. True 
B. False

427. The steel of a structure that is likely to become 

energized is required by this code to be ________.

A. Welded
B. Bonded 
C. Plated
D. Coated

428. The lightning protection system of an office building 

is required to be connected to the ________.

A. Grounding electrode system
B. Service enclosure
C. Meter can
D. All listed answers

250.119 Identification of Equipment Grounding Conductors. Unless required elsewhere in this Code, equipment 
grounding conductors shall be permitted to be bare, covered, or insulated. Individually covered or insulated 
equipment grounding conductors shall have a continuous outer finish that is either green or green with one 
or more yellow stripes except as permitted in this section. Conductors with insulation or individual covering 
that is green, green with one or more yellow stripes, or otherwise identified as permitted by this section shall 
not be used for ungrounded or grounded circuit conductors.

250.120 (B) Aluminum and Copper-Clad Aluminum Conductors. Equipment grounding conductors of bare 
or insulated aluminum or copper-clad aluminum shall be permitted. Bare conductors shall not come in direct 
contact with masonry or the earth or where subject to corrosive conditions. Aluminum or copper-clad aluminum 
conductors shall not be terminated within 450 mm (18 in.) of the earth.

250.120 (C) Equipment grounding conductors 

smaller than 6 AWG.  Where not routed with 
circuit conductors as permitted in 250.130(C) and 
250.134(B) Exception No. 2, equipment grounding 
conductors smaller than 6 AWG shall be protected 
from physical damage by an identified raceway or 
cable armor unless installed within hollow spaces 
of the framing members of buildings or structures 
and where not subject to physical damage.

250.121 Use of Equipment Grounding Conductors. 

An Equipment Grounding Conductor shall not be 
used as a Grounding Electrode Conductor. This 
new section was added to the 2011 Code to clarify 
that the Equipment Grounding Conductor and 
Grounding Electrode Conductors serve 2 different 
purposes. The grounding electrode conductor is sized using table 250.66 and connects to the grounding electrode. 
This conductor is often installed in parallel with the grounded conductor (Neutral) and possibly carries current 
under normal operation.  The equipment grounding conductor is sized using table 250.122 and connects to a 
device or piece of equipment and provides a low impedance path for any fault current back to its source.

250.122(B) Increased in Size. Where ungrounded conductors are increased in size from the minimum size that 
has sufficient ampacity for the intended installation, wire-type equipment grounding conductors, where installed, 
shall be increased in size proportionately according to the circular mil area of the ungrounded conductors.
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429. Article 250 allows an equipment grounding conductor 

to be ________.

A. Bare
B. Covered
C. Insulated
D. All listed answers 

430. An equipment grounding conductor with insulation 

is required to be ________ in color.

A. Yellow 
B. Green
C. Green with one or more yellow stripes
D. Both B and C

431. A Bare Aluminum equipment grounding conductor 

________ come in direct contact with masonry or the 

earth or where subject to corrosive conditions

A. Shall not
B. May
C. Can
D. All listed answers

432. What is the minimum height in inches that an 

aluminum equipment grounding conductor at the 

service can be connected from grade?

A. 20 
B. 18 
C. 22
D. 24

433. Would it be considered acceptable or a violation of 

this code to pull a single 10 AWG solid copper EGC 

conductor through bored holes in wood framing 

members to a hot water heater? 

A. Acceptable
B. Violation

434. Any equipment grounding conductor sized in table 

250.122 is required to be protected from physical 

damage if it is smaller than ________ AWG

A. 6
B. 8
C. 10
D. All listed answers

435.  A grounding electrode conductor and an equipment 

grounding conductor are _______ the same conductor.

A. Traditionally
B. Essentially
C. Not 
D. Always

436. The grounding electrode conductor is sized using 

table ________.

A. 250.122
B. 110.14
C. 250.66
D. 250.104

437. An equipment grounding conductor is usually installed 

with ________.

A. Feeders
B. Branch circuits
C. Motor feeders 
D. All listed answers 

438. The ungrounded phase conductors for a new AC unit 

must be increased from 20 amps to 50 amps. This 

would require the equipment grounding conductor 

for this circuit to ________.

A. Decrease 
B. Increase 
C. Remain the same
D. No listed answer

250.122(C) Multiple Circuits. Where a single equipment grounding conductor is run with multiple circuits in 
the same raceway, cable, or cable tray, it shall be sized for the largest overcurrent device protecting conductors 
in the raceway, cable, or cable tray. Equipment grounding conductors installed in cable trays shall meet the 
minimum requirements of 392.10(B)(1)(c).
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439. A single equipment grounding conductor is allowed 

to be run with multiple circuits that share a single 

raceway if the equipment grounding conductor is 

sized to the ________.

A. Combined circular mils of the conductors
B. Largest overcurrent device 
C. Type of raceway installed
D. Raceway type

250.122(E) Flexible Cord and Fixture Wire. The equipment grounding conductor in a flexible cord with the 
largest circuit conductor 10 AWG or smaller, and the equipment grounding conductor used with fixture wires 
of any size in accordance with 240.5, shall not be smaller than 18 AWG copper and shall not be smaller than 
the circuit conductors. The equipment grounding conductor in a flexible cord with a circuit conductor larger 
than 10 AWG shall be sized in accordance with Table 250.122.

250.122(G) Feeder Taps. Equipment grounding conductors run with feeder taps shall not be smaller than shown 
in Table 250.122 based on the rating of the overcurrent device ahead of the feeder but shall not be required to 
be larger than the tap conductor.

250.122(F) Size of Equipment grounding 

Conductors. The Code has clarified this 
section to indicate that one equipment 
grounding conductor is all that is required 
for each parallel set of ungrounded 
conductors in a cable tray system. 
Equipment grounding conductors that 
are installed in cable trays are required to 
meet the standards as listed in 392.10(B)
(1)(c). Despite this addition, equipment 
grounding conductors are still required 
to be sized using table 250.122.

250.162 (A) Two-Wire, Direct-Current 

Systems. A 2-wire, dc system supplying 
premises wiring and operating at 
greater than 60 volts but not greater 
than 300 volts shall be grounded.

250.162 (B) Three-Wire, Direct-Current Systems. Article 250 requires that the neutral conductor of all 3-wire, 
dc systems supplying premises wiring shall be grounded.

250.166 (A) Not Smaller Than the Neutral Conductor. Where the dc system consists of a 3-wire balancer set or 
a balancer winding with overcurrent protection as provided in 445.12(D), the grounding electrode conductor 
shall not be smaller than the neutral conductor and not smaller than 8 AWG copper or 6 AWG aluminum.

250.166 (C) Connected to Rod, Pipe, or Plate Electrodes. If a DC system is connected to rod, pipe, or plate 
electrodes as in 250.52(A)(5) or (A)(7), that portion of the grounding electrode conductor that is the sole connection 
to the grounding electrode shall not be required to be larger than 6 AWG copper wire or 4 AWG aluminum wire.
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440. What is the minimum allowable size equipment 

grounding conductor for a manufactured flexible cord 

with 12 AWG copper?

A. 10
B. 12
C. 18
D. 20

441. An equipment grounding conductor run with tap 

conductors for a 25hp motor ________required to be 

larger than the tap conductors.

A. Shall be
B. Shall not be 
C. Are
D. No listed answer

442. What is the minimum size copper equipment 

grounding conductor required for a 400 amp subpanel 

in a cheese processing facility?

A. # 1
B. # 2 
C. # 3
D. # 6

443. A parallel set of ungrounded conductors that are pulled 

in a cable tray system require _______ equipment 

grounding conductor(s).

A. Two
B. Multiple
C. One 
D. No listed answer

444. Equipment grounding conductors that are installed 

in cable trays are required to meet the provisions of 

________.

A. 391.10(D)(1)(c.)
B. 391.20(B)(1)(c)
C. 392.10(D)(1)(c)
D. 392.10(B)(1)(c)

445. What is the minimum DC voltage a 2 wire system 

that supplies premises wiring can be before it has 

to be grounded?

A. 24
B. 40
C. 50
D. 12

446. All 3 wire DC systems supplying premises wiring are 

required to be ________ regardless of voltage.

A. Grounded
B. Listed
C. Open
D. Switched

447. A DC 3 wire balancer with overcurrent protection 

cannot have its grounding electrode conductor smaller 

than ________ AWG copper.

A. 4
B. 6
C. 8
D. 2

448. What is the maximum size a copper grounding 

electrode conductor has to be when connecting a DC 

system to a plate electrode?

A. 8 AWG
B. 6 AWG 
C. 4 AWG
D. 10 AWG

449. What is the maximum size a copper grounding 

electrode conductor has to be when connecting a DC 

system to a concrete-encased electrode?

A. 2 AWG
B. 6 AWG
C. 4 AWG 
D. 8 AWG

450. Instrument transformers are required to be grounded 

if the primary windings are connected to circuits 

________ volts or greater.

A. 60
B. 240
C. 120
D. 300
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