DIVISION 16 - ELECTRICAL
SECTION 16010 - BASIC ELECTRICAL REQUIREMENTS

PART 1.00

1.01

SCOPE

A

GENERAL

The scope of work is as indicated on electrical drawings and includes but is not limited to
the following:

Site:

1. Coordination with the local utility company and provide conduits with pull boxes to
utility tie-in point, per utility co. specifications. Provide secondary conduit, metering
equipment, service termination, and junction box with splicing hardware. Include
all Utility Company fees for service connection in bid.

2. Coordinate communication services with the local telecommunication company
and provide service conduit with pull rope to locations stipulated by Utility
Company.

3. Provide a natural gas emergency generator, automatic transfer switch, and
associated emergency power feeders.

4. Provide temporary construction power; coordinate with the local Utility Company.

S Provide in-ground pull boxes and conduit as requires to serve any/all electrical
equipment located throughout the site.

6. Provide site lighting poles and associated branch circuits.

Power:

1. Provide panel, safety disconnect switches and associated feeder(s).

2. Provide receptacles, special outlets, junction boxes, and their associated branch
circuits.

3. Provide branch circuits associated with all mechanical and plumbing system
equipment, including all accessories such as motorized dampers, valves, fan
interlocks, ionization, etc.

Lighting:

1. Provide interior light fixtures, wall switches, wall dimmers, and occupancy sensors

and associated branch circuits.
2. Install all lighting fixtures furnished by others and associated branch circuits.
3. Provide all exterior building mounted fixture and associated branch circuits.
4 Provide exit light fixtures and both interior and exterior emergency light fixtures.

Telecommunications:

1. Provide junction boxes and conduit for phone and data outlets. All wiring and
equipment by others shown unless otherwise indicated.

2. Provide 3/4” plywood backboard. Paint with two coats of fire retardant paint on
both sides.

Fire Alarm:

1. Provide fire alarm control panel, voice evacuation panel and remote booster
panels.

2. Provide manual pull stations at all exterior exits.

3. Provide visual and audio notification throughout including voice evacuation.

4 Provide smoke detectors at all control panels, voice evacuation panels and
booster panels.
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1.02

1.03

1.04

d. Provide duct mounted smoke detectors for all air units with greater than 2000 cfm

air flow.
6. Provide a monitor module for all sprinkler system tamper and flow switches.
7 Provide a monitor module for sprinkler system hotbox heater power and tamper
switches.

8. Provide a monitor module for kitchen hood suppression system.

GENERAL CONDITIONS

A. The General Conditions and Supplementary General Conditions are a part of this section
of these Specifications. The Contractor is cautioned to read and be thoroughly familiar
with all provisions of the General Conditions. These conditions shall be complied with in
every aspect.

DEFINITIONS:

A. The word "shall" where used, is to be understood, as mandatory and the word "should" as
advisory. "May" is used in the permissive sense.

B. Concealed: Concealed areas are those areas that cannot be seen by building occupants.

C. Exposed: Exposed areas are all areas that are exposed to view by building occupants,
including areas below counter tops, inside cabinets and closets, inside all equipment
rooms, and areas outside the building exterior envelope.

D. Feeder: Feeder consists of both conduit and wiring installed above or below grade

E. Provide: Provide shall including furnishing, installing, and connecting the item or items
referenced unless specifically indicated otherwise.

QUALITY ASSURANCE

A. General:
1. Every effort has been made by the Engineer to clearly indicate all

devices/equipment requiring an electrical/data connection. It is the intent of the
Engineer that all light fixtures be powered and controlled, that all devices and
equipment be circuited to a panelboard of appropriate voltage and breaker of
MOCP not exceeding manufacturer’s specifications. That all communications,
security, and fire alarm devices are installed, wiring, and functioning properly.

2. Where there is a conflict between the contract document and an applicable Code.

The Code shall govern except where the requirements of the contract documents

are more stringent. The most stringent requirement shall apply.

All work shall be concealed unless specifically noted to be exposed.

Coordinate the exact locations of electrical outlets and equipment with building

features and equipment as indicated on architectural, structural, mechanical,

plumbing, landscape, and food service drawings. Review any/all proposed

changes in electrical device/equipment locations with Architect prior to rough-in.

Architect may direct relocation of outlets before rough-in, up to ten (10) feet from

the position indicated, without additional cost. Remove and relocate outlets placed

in unsuitable locations when requested by the Architect, at no additional cost.

d. Resolve, in writing, any code violation discovered in contract documents with the
Engineer prior to bidding. After award of the contract, Contactor shall make any
correction or addition necessary for compliance with applicable codes at no
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1.05

1.06

additional cost.

An approved contractor for the work under this division shall be:
A licensed electrical contractor in the jurisdiction in which the work shall be
performed.

2. Able to furnish evidence of having contracted for and installed not less than three
(3) systems of comparable size and type that have served their Owners
satisfactorily for no less than three (3) years.

All work, materials and equipment shall comply with the latest applicable codes, local
ordinances, and UL requirements.

Provide new products of manufacturers regularly engaged in production of such
equipment. Provide the manufacturer's latest standard design for the type product
specified. All new products shall be listed for the use shown on drawings.

Equipment shall be delivered with a factory-applied finish so that no additional field
painting is required.

Equipment shall be selected to conform the building space limitations. Do not provide
equipment that cannot meet the arrangement requirements shown on plans. Contractor
shall submit room layouts with submitted items shown drawn to scale. Submittals will be
rejected without floor plan Drawings showing submitted items.

All equipment included in the service and distribution specifications shall be provided by
the same manufacturer.

Manufacturer names and model numbers are subject to change. Contractor shall verify
them with manufacturer’s representative prior to ordering any product or equipment.

GENERAL REQUIREMENTS

A

The Contractor is referred to all of the Drawings for building construction as well as the
electrical Drawings.

The Contractor shall examine the site and shall verify to his own satisfaction the location of
all utilities, and shall adequately inform himself as to their relation to his work before
entering into a Contract and he shall base his bid on any conditions, which may be
encountered during the progress of the work.

The Contractor shall furnish and install properly all materials, devices, equipment,
supports, controls, appurtenances, etc., mentioned or required to make complete or
satisfactory installations in working order whether shown or not. All electrical equipment
shall be connected in accordance with manufacturer's instructions. All work shall be
executed in a workmanlike manner and shall present a neat and mechanical appearance
when completed.

The Contractor shall provide finished to match approved samples; all exposed finishes
shall be approved by the Architect. Submit color samples as required.

APPLICABLE GENERAL CODES AND REGULATIONS

A

All electrical work and equipment, in whole or in part, shall conform to the applicable
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1.07

1.08

portions of the following specifications, codes and regulations in effect on that date of
invitation for bids, and shall form a part of this specification.

The latest published edition of a reference shall be applicable to this Project unless
identified by a specific edition.

All reference amendments adopted prior to the effective date of this Contract shall be
applicable to this Project.
1. NFPA 70, National Electrical Code
2. National Fire Codes:
a. NFPA 70E, Electrical Safety Requirements for Employee Workplaces
b. NFPA 72, National Fire Alarm Code
C. NFPA 77, Static Electricity
d. NFPA 101, Life Safety Code
e. NFPA 110, Emergency and Standby Power Systems
3. Occupational Safety and Health Regulations (OSHA).
4, NFPA Standards in effect shall be as listed or adopted by the appropriate authority
having jurisdiction.
5. American National Standards Institute (ANSI)
6. Institute of Electrical and Electronics Engineers (IEEE)
7 Local, City and State Codes and Ordinances
8. Regulations and standards of the Electric Utility Company
9. National Electrical Safety Code (NESC)
10. National Electrical Manufacturers Association (NEMA)
1. Insulated Power Cable Engineers Association (IPCEA)
12. International Building Codes (IBC)
13. International Energy Conservation Codes (IECC)

Equipment that has been inspected and approved by the Underwriter's Laboratory shall
bear its label or appear on its list of approved apparatus.

DRAWINGS

A

Plans and detail sketches are submitted to limit, explain, and define conditions, specified
requirements, conduit sizes, and manner of erecting work. The Contractor is cautioned to
field check and verify all existing conditions before bidding, as no extra compensation will
be allowed for conditions found different than represented in the construction drawings
and/or specifications. Written approval of the Architect shall be obtained prior to any
alterations or additions to specified work.

Structural or other conditions may require certain modifications from the manner of
installation shown, and such deviations are permissible and shall be made as required, but
specified sizes and requirements necessary for satisfactory operations shall remain
unchanged.

The drawings and these specifications are complementary to each other and what is called
for by one shall be binding as if called for by both.

General arrangement of work is indicated on plans. Due to the small scale of the
drawings, offsets, fittings, and boxes required are not all indicated; provide fittings, boxes,
etc., as needed in accordance with codes and accepted practices.

SUPERVISION
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1.09

1.10

1.11

1.12

1.13

The Contractor shall personally or through an authorized and competent representative,
constantly supervise the work from beginning to completion and final acceptance. So far
as possible, he shall keep the same foreman and workmen throughout the project
duration.

During its progress, the work shall be subject to inspection by representatives of the
Architect or Engineer, at which times the Contractor shall furnish required information.

It is not the Architect's or Engineer's duty to direct or guarantee the work of the Contractor,
but to assist the Owner in obtaining a complete building in accordance with plans,
specifications and addenda and to furnish engineering services in accordance with
recognized practices.

PRIOR APPROVALS

A

The Contractor shall base his proposal on materials as specified herein. Any references to
a specific manufacturer or trade name is made to establish a standard of quality and to
define a type of product and in no way is intended to indicate a preference for a particular
manufacturer. It is the intent of these specifications to allow all manufacturers of
equipment, products, etc., judged equal to the specified product to bid on a competitive
basis.

MEASUREMENTS

A

The Contractor shall verify all measurements and shall be responsible for the correctness
of same, before ordering any materials or doing any work. No extra charge or
compensation will be allowed for any differences between the actual measurements and
those indicated on the drawings.

LAWS, PERMITS AND FEES

A

The entire electrical work shall comply with the rules and regulations of the City, Parish,
and State, including the State Fire Marshal and State Board of Health, whether so shown
on plans or not. The Contractor shall pay fees for permits, inspections, etc., and shall
arrange with the inspecting authorities all required inspections.

SITE INSPECTION

A. The Contractor shall visit the site and familiarize himself with difficulties attendant to the
successful execution of the work before bidding. Failure to visit the site shall not relieve
the Contractor of the extent or conditions of the work required of him.

TEMPORARY FACILTIES

A. The Contractor shall provide all temporary power and lighting for construction purposes.
Installation of temporary power shall be in accordance with NEC Article 527.

B. Temporary facilities, wire, lights, and devices are the property of the contractor and shall

be removed by the Contractor at the completion of the Contract.
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PART 2.00

PRODUCTS

201  MATERIAL AND EQUIPMENT

A

All materials, equipment, and accessories installed under this Contract, whether approved
or not, shall be new and shall conform to all rules, codes, etc., as recommended or
adopted by the National Association(s) governing the manufacture, rating and testing of
such materials, equipment, and accessories.

Product Substitutions

1. If item of equipment or device offered as Substitution differs in dimension or
configuration from that indicated in the Contract Documents, provide, as part of the
substitution submittal, a drawing that shows that the equipment or devices proposed
for Substitution can be installed in the space available without interfering with other
trades or with access requirements for operations and maintenance in the completed
project. Drawings shall be of appropriate scale but shall not be smaller than a scale of
1/4-inch equals one foot.

2. Where substitute equipment or devices requires different arrangement or connections
from that indicated in the Contract Documents, install the equipment or devices to
operate properly and in accordance with the requirements of the Contract Documents.
Make incidental changes necessary in piping, ductwork or wiring which results from
the inclusion of the substitute equipment or device without any additional cost to the
Owner. Pay all additional costs incurred by other trades in connection with changes
required by the inclusion of the substituted equipment or device in the Work.

202 SHOP DRAWINGS & SUBMITTALS

A

Shop drawings shall be taken to mean detailed drawings with dimensions, schedules,
weights, capacities installation details, and pertinent information that will be needed to
describe the material or equipment in detail.

1. Shop drawings shall be prepared using computerized digital software compatible
with AutoDesk’s AutoCAD

2. Submit hardcopy of Shop Drawings in the quantity as required under Division 01.
Hardcopies of Shop Drawings shall have each sheet clearly labeled with a unique
sheet identification number.

3. In addition to hardcopies required by Division 01, submit one copy of Shop
Drawings in electronic format on Flash Drive. Files contained shall be named to
correspond with the sheet names contained in the hardcopy set. Files on shall
include both AutoCAD compatible source files and files printed to Portable
Document Format (.pdf).

Submittals shall be taken to mean catalog cuts, general descriptive information, catalog
numbers, and manufacturer's name.

Review of submittals or shop drawings shall not remove the responsibility for furnishing
materials or equipment of proper dimensions, quantity and quality; nor will such review
remove the responsibility for error in the shop drawings or submittals.

Assume all costs and liabilities, which may result from the ordering of any material, or
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equipment prior to the review of the shop drawings or submittals, and no work shall be
done until the shop drawings or submittals have been reviewed. In case of correction or
rejection, resubmit until such time as they are accepted by the Owner's representative and
such procedures will not be cause for delay. After the final review, 6 copies will be supplied
if requested.

E. Shop drawings and submittals will be returned unchecked if the specific items proposed
are not clearly marked, or if the general Contractor's approval stamp is omitted.

F. Shop drawings, unless mark-ups are very trivial, will not be returned, "No Exception
Taken". They will be returned for re-submittal as many times as necessary, however, the
Contractor shall be back charged for engineering review time beginning with the second
resubmittal. ~Therefore, the Contractor should make every effort to comply with the
requirements of this Project on the first submittal in order to avoid project delays.

G. The Contractor shall submit to the Architect complete descriptive and dimensional data on
the following items for review and approval when specified or provided:

1 Cable Tray
2 Disconnect Switches
3 Electrical Contactors
4. Electrical Controls and Time Switches
5. Emergency/Standby generator set and transfer switches
6 Enclosed Circuit Breakers
7 Fire Alarm System Panels, Initiation Devices, and Annunciation Devices
8 Fire Rated Cables and Connectors
9. Lighting Controls and Occupancy Sensors
10. Lighting Fixtures
1. Lightning Protection System
12. Panelboards and enclosures
13. Site Lighting Poles and Fixtures
14. Surface Raceways
15. Surge Protection Devices
16. Switchboards
17. Transformers
18. Wiring Devices

PART 3.00 METHODS OF INSTALLATIONS

3.01  CONTRACTOR COORDINATION

A. The Drawings are diagrammatic in nature. Cooperate with other trades so the
interferences of facilities and equipment will be avoided.

B. Contractor to coordinate with door hardware provider, architect and owner prior to
installation of any devices associated with doors to verify door operational requirement,
placement of proximity readers, motion sensors, door switches, fire alarm control,
magnetic locks, hold open devices, etc..

C. Contractor to coordinate with architectural millwork shop drawings prior to rough-in for

locations of under counter lighting to be installed in and around millwork. No receptacles
shall be installed in an enclosed cabinet unless noted on the drawings. Outlets for
refrigerators, microwaves, etc. shall be installed in the space identified on the millwork
shop drawings.
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Contractor shall not penetrate any stair wall assemble with conduit, boxes, cabling and the
like, except for items that serve the stairwell.

Space allocations for materials, equipment and devices have been made on the basis of
present and known future requirements and the dimensions of items of equipment or
devices of a particular manufacturer. Verify that all materials, equipment and devices
proposed for use on this Project are within the constraints of the allocated space.

Coordinate arrangement, mounting, and support of electrical equipment:

1. To allow maximum possible headroom unless specific mounting heights that
reduce headroom are indicated.

2. To provide for ease of disconnecting the equipment with minimum interference to
other installations.

3. To allow right of way for piping installed at required slope. So, connecting

raceways, cables, wireways, cable trays, and busways will be clear of obstructions
and of the working and access space of other equipment.

Coordinate installation of required supporting devices and set sleeves in cast-in-place
concrete, masonry walls, and other structural components as they are constructed.

3.02 OPENINGS, CUTTING AND PATCHING

A

Cut all openings as required for the electrical work. Patching will be done by the various
crafts whose work is involved. Furnish and install all necessary sleeves, thimbles,
hangers, inserts, etc., at such times and in such a manner as not to delay or interfere with
the work of other Contractors. Caulk, flash or otherwise make weatherproof all
penetrations through the roof and exterior walls.

Where conduit, cable or other items that are provided for under this contract penetrate fire
rated walls or floors, the Contractor is to seal around the item to maintain the integrity of
the rated system.

3.03 PAINTING

A

Painting shall be performed as described in the painting specifications. No painting will be
required by the Contractor except for touch-up of factory finishes on equipment furnished
under this contract.

3.04 INSTALLATION

A

Housekeeping Pads: All floor and ground mounted electrical equipment - panels,
switchboards, motor control centers, transformers, etc. shall be installed with a reinforced
concrete housekeeping pad, whether shown on the drawings or not. The pad shall extend
4" above either the finished floor or final grade (as applicable), have 45 degree chamfered
edges, and be constructed of 3000psi concrete. The pad shall extend 4” beyond the edge
of the respective electrical equipment. Concrete shall have smooth steel trowel finish.

Equipment must be leveled and set plumb. Use corrosion resistant mounting hardware.
For sheet metal enclosures mounted against a wall provide corrosion-resistant spaces to
separate the wall by 1/4 inch or by 3 inches of air for freestanding units.
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3.06

3.06

3.07

C. Unused knockouts on panels and boxes shall be covered with approved cover plates
manufactured for the purpose.

TESTS AND INSPECTIONS

A. The Contractor shall assist in making periodic inspections or tests required by the Architect
or Engineer. When requested, the Contractor shall provide the assistance of foremen and
qualified craftsmen for reasonable duration of each test, etc.

B. The contract will not be declared to be substantially complete until all of the following
conditions are satisfied.
1. the functional operation of the subsystems have been demonstrated and verified
and reports have been provided, reviewed and accepted.
2. The “As-Built” drawings have been submitted, reviewed and accepted by the
Architect / Owner / Owner’s Construction Representative.

SAFETY PRECAUTIONS DURING CONSTRUCTION

A. It shall be the Contractor's responsibility to furnish and install proper guards and instruction
signs for prevention of accidents and to provide and maintain for the duration of
construction any installations needed for safety of life and property.

CONNECTIONS

A. This Contractor shall be responsible for providing electrical service to all devices of the
heating and air conditioning system, and is referred to the mechanical plan for the exact
location of the various devices.

B. Mechanical Controls: Provide 120VAC power connections as required to components of
Mechanical Control system. Coordinated quantity of circuits, connection requirements and
locations between trades and with provisions of Divisions 21, 22, and 23 sections.

C. Security and Access Control: Where the Drawings indicate a 120VAC circuit in a general
area labeled for security or access control use, the intent is for this circuit to be extended
and connected to the security or access control device in that general area in coordination
with other trades. Coordinated connection requirements and locations between trades and
with Owner’s Security vendor prior to installation.

D. Motors and Motor Connections: Motors for driven equipment are specified in Divisions 21,

22, and 23. Provide connections as follows, unless otherwise indicated:

1. Equipment provided with factory installed disconnecting means: Upon installation
of motor and associated equipment, Provide the electrical installation in
accordance with approved wiring diagrams and manufacturer's written
instructions.

2. Equipment furnished with factory disconnecting means: Upon installation of motor
and associated equipment, Install factory furnished disconnecting means and
provide the electrical installation in accordance with approved wiring diagrams and
manufacturer’s written instructions.

3. Equipment not furnished with factory installed disconnecting means: Provide
disconnect switch required in accordance with NFPA 70 or as indicated on the
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3.08

3.09

3.10

3.1

3.12

3.13

3.14

3.15

Drawings. Provide the electrical installation in accordance with approved wiring
diagrams and manufacturer’s written instructions.

LOAD BALANCING

A. Balance load on all phases in each panel to within 10% of respective phase loads.

IDENTIFICATION OF EQUIPMENT

A. Identification of Equipment: Refer to specification 26 05 53 Identification for Electrical
Equipment.

COMPLETION

A. The Contractor shall leave all electrical equipment with proper connections, and in proper

working order. He shall test the entire electrical system to show that it is properly installed.
Contractor shall leave all panels and switches completely fused or complete with circuit

breakers.
RECORD DRAWINGS
A. The Contractor shall furnish one (1) complete set of drawings on which any changes in the

work shall be shown. In addition to changes in work contractor shall clearly indicate routing
of all feeders both above and below ground. All underground conduit shall be noted on
drawings to show “as built” locations. These drawings must be turned over to the Architect
prior to final acceptance of the work.

GUARANTEE

A. The Contractor shall guarantee to keep the entire electrical system as installed by him or
his subcontractors in repair and in perfect working order for one (1) year from the date of
the final Certification of Final Acceptance, and shall furnish free of cost to the Owner, all
material and labor necessary to comply with the above guarantee; said guarantee shall be
based upon defective material and workmanship. In any case where equipment has a
factory warranty exceeding this one-year limit, the full extent of the warranty shall apply.

CLEANING

A. When all work has been finally tested, the Contractor shall clean all fixtures, equipment,
conduits, ducts, and all exposed work. All cover plates and other finished products shall
be thoroughly cleaned.

INSTRUCTION MANUALS

A. The Contractor shall provide three (3) operating and maintenance instruction manuals on
all systems and equipment installed in the electrical work.

B. The Contractor shall provide (3) copies of all warranties and guarantees for systems,
equipment, devices, and materials.

CONTRACTOR SPECIAL NOTE
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A. The Contractor is again cautioned to refer to all parts of these Specifications and all
Drawings, not just electrical sections, and the individual cross references made to other
standard specifications or details describing any electrical work, which may be required
under these other sections. The Contractor is cautioned to note carefully any other
sections which may reference electrical work in order for this Contractor to fully understand
the wiring requirements and electrical work that is required. Any conflicts found between
the electrical sections of these Specifications or Drawings shall be immediately directed to
the General Contractor for clarification.

B. These Specifications and the electrical Drawings size equipment, wire, conduit, etc. based
on the horsepower of motors and/or wattages of equipment as shown on the plans or
specified herein. The Contractor shall install electrical raceways, conductors, fuses, safety
switches, breakers, contactors, starters or any other electrical equipment with the
capacities to suit the horsepower and/or wattages of the equipment actually furnished and
installed. The Contractor shall not furnish or install any electrical raceways, conductors,
safety switches, contactors or motor starters of sizes smaller than those shown on the
Drawings or specified herein. The Contractor shall coordinate with the various sections of
the Specifications and/or Drawings and with the various Sub-Contractors to provide the
properly sized equipment without additional cost to the Owner.

END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16050 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1.00

GENERAL

1.01  SECTION INCLUDES

A

Furnish and install items for identification of electrical products installed under Division 26.

1.02  SUBMITTALS

A

B.

Product Data: For each electrical identification product indicated.
Identification Schedule: An index of nomenclature of electrical equipment and system

components used in identification signs and labels.

Samples: For each type of label and sign to illustrate size, colors, lettering style, mounting
provisions, and graphic features of identification products.

1.03  COORDINATION

A

C.

D.

PART 2.00

Coordinate identification names, abbreviations, colors, and other features with requirements in
the Contract Documents, Shop Drawings, manufacturer's wiring diagrams, and the Operation
and Maintenance Manual, and with those required by codes and standards. Use consistent
designations throughout Project.

Coordinate installation of identifying devices with completion of covering and painting of
surfaces where devices are to be applied.

Coordinate installation of identifying devices with location of access panels and doors.
Install identifying devices before installing acoustical ceilings and similar concealment.

PRODUCTS

201 RACEWAY AND METAL-CLAD CABLE IDENTIRICATION MATERIALS

A

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of
color field for each raceway and cable size.

Color for Printed Legend:
1. Power Circuits: Black letters on an orange field.
2. Legend: Indicate system or service and voltage, if applicable.
a. Typical:
1) Type: Example — AC 60 Hertz
2) Load: Example - Lighting and Power
3) Voltage: Example — 120VA / 1 Phase

b. As Required
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2.02

2.03

2.04

1) If more than one type of power is available in a conduit, then it shall
be marked with the title “Electrical” on orange background.
2) If used for control of HYAC conduit shall be marked with the title
“Control” on an orange background
C. Conduit that contains communication systems shall have the exact contend
and title on blue background.

C. Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of
legend label.

D. Self-Adhesive Vinyl Tape: Colored, heavy duty, waterproof, fade resistant; 2 inches (50
mm)wide; compounded for outdoor use.

CONDUCTOR IDENTIFICATION MATERIALS

A. Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08
mm)thick by 1 to 2 inches (25 to 50 mm) wide.

B. Marker Tapes: Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification
legend machine printed by thermal transfer or equivalent process.

UNDERGROUND-LINE WARNING TAPE

A. Description: Permanent, bright-colored, continuous-printed, polyethylene tape.
1. Not less than 6 inches (150 mm) wide by 4 mils (0.102 mm) thick.
2. Compounded for permanent direct-burial service.
3. Embedded continuous metallic strip or core.
4. Printed legend shall indicate type of underground line.

WARNING LABELS AND SIGNS
A Comply with NFPA 70 and 29 CFR 1910.145

B. Self-Adhesive Warning Labels: Factory printed, multicolor, pressure-sensitive adhesive
labels, configured for display on front cover, door, or other access to equipment, unless
otherwise indicated.

C. Baked-Enamel Warning Signs: Preprinted aluminum signs, punched or drilled for fasteners,
with colors, legend, and size required for application. 1/4-inch grommets in corners for
mounting. Nominal size, 7 by 10 inches.

D. Warning label and sign shall include, but are not limited to, the following legends:
1. Warning label and sign shall include, but are not limited to, the following legends:
2. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENTHAS MULTIPLE POWER SOURCES."
3. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR ## INCHES."
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Verify work space required for specific project conditions with NFPA 70 and replace
“##” in previous sentence with appropriate distance.

4, Arc Flash Warning and Instructions: “WARNING — ARC FLASH AND SHOCK

HAZARD. WEAR APPROPRIATE PPE. Determine appropriate protective clothing
and personal protective equipment (PPE) for the task from NFPA 70E.

2.05 INSTRUCTION SIGNS

A

B.

C.

D.

Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch thick for signs up to 20
sq. in. and 1/8 inch thick for larger sizes.

Engraved legend with black letters on white face.
Punched or drilled for mechanical fasteners.

Framed with mitered acrylic molding and arranged for attachment at applicable equipment.

2.06  ONE-LINE DIAGRM NAMEPLATE

A

Preprinted engraved, laminated acrylic or melamine plastics sign. Nominal size, 12 by 12
inches (305 by 305 mm) by 1/8 inch (3.2 mm) thick. Engraved legend with black letters on
white face. Image on sign depicting equipment components in single-line diagram format,
using symbols and letter designations consistent with final one-line bus diagram. Produce a
concise visual presentation of principal equipment components and connections.

2.07 EQUIPMENT IDENTRICIATION LABELS

A

Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting.
White letters on a dark-gray background. Minimum letter height shall be 3/8 inch. Lettering
and Background colors as indicated below:

1. Power Circuits:
a. Normal: White lettering on Black background.
b. Emergency Optional Standby: White lettering on Purple background.
2. Fire Alarm System: Black lettering on Red background.
3. Fire-Suppression Supervisory and Control System: Yellow lettering on Red
background.
4, Combined Fire Alarm and Security System: Blue lettering on Red background.
5. Security System: Blue lettering on Yellow background.
6. Mechanical and Electrical Supervisory System: Green lettering on White background.
7. Telecommunication System: Blue lettering on White background.
8. Control Wiring: Green lettering on White background.

2.08 MISCELLANEOUS IDENTIFICATION PRODUCTS

A

Cable Ties : Fungus-inert, self-extinguishing, 1-piece, self-locking, Type 6/6 nylon cable ties.
1. Minimum Width: 3/16 inch (5 mm)

2. Tensile Strength: 50 Ib (22.6 kg), minimum

3. Temperature Range: Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).

4 Color: Black, except where used for color-coding.
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PART 3.00

Paint: Paint materials and application requirements are specified in Division 09 painting
Sections.

Fasteners for Labels and Signs: Self-tapping, stainless-steel screws or stainless-steel
machine screws with nuts and flat and lock washers.

EXECUTION

3.01  APPLICATION

A

Branch-Circuit Conductor Identification: Where there are conductors for more than three
branch circuits in same junction or pull box, use color-coding conductor tape. Identify each
ungrounded conductor according to source and circuit number.

Conductors to Be Extended in the Future: Attach write-on tags to conductors and list source
and circuit number.

Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control,
signal, sound, intercommunications, voice, and data connections.

1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals,
and pull points. ldentify by system and circuit designation.

2. Use system of marker tape designations that is uniform and consistent with system
used by manufacturer for factory-installed connections.

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and

Operation and Maintenance Manual.

Locations of Underground Lines: Identify with underground-line warning tape for power,
lighting, communication, and control wiring and optical fiber cable. Install underground-line
warning tape for both direct-buried cables and cables in raceway.

Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Comply

with 29 CFR 1910.145 and apply self-adhesive warning labels. Identify system voltage with

black letters on an orange background. Apply to exterior of door, cover, or other access.

1. Equipment with Multiple Power or Control Sources: Apply to door or cover of
equipment including, but not limited to, the following:
a. Power transfer switches.

2. Equipment Requiring Workspace Clearance According to NFPA 70: Unless
otherwise indicated, apply to door or cover of equipment but not on flush panelboards
and similar equipment in finished spaces.

3. Arc Flash Warning Labels: Apply label to door or cover at all access point of
equipment including, but not limited to, the following:
a. Disconnect switches
b. Enclosed circuit breakers
C. Panelboards
d. Power transfer equipment (ATS/MTS)
e. Transformers

Junction Boxes and Pull Boxes: Identify voltage, source, and circuit number(s) on cover of pull
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Examples:

and junction boxes with hand-written legible block lettering using black permanent marking
pen.

Instruction Signs:

1. Operating Instructions: Install instruction signs to facilitate proper operation and
maintenance of electrical systems and items to which they connect. Install instruction
signs with approved legend where instructions are needed for system or equipment
operation.

2. Emergency Operating Instructions: Install instruction signs with minimum 3/8-inch-
(10-mm-) high letters for emergency instructions at equipment used for power transfer
load shedding, Kirk Key Controlled Breakers.

Equipment Identification Labels: On each unit of equipment, install unique designation label
that is consistent with wiring diagrams, schedules, and Operation and Maintenance Manual.
This applies to existing equipment that is modified during this project. Apply labels to
disconnect switches and protection equipment, central or master units, control panels, control
stations, terminal cabinets, and racks of each system. Systems include power, lighting,
control, communication, signal, monitoring, and alarm systems unless equipment is provided
with its own identification.

1. Labeling Instructions:

a. Indoor Equipment: Engraved, laminated acrylic or melamine label. Unless
otherwise indicated, provide a single line of text with 1/2-inch- high letters on
1-1/2-inch- high label; where 2 lines of text are required, use labels 2 inches
high.

b. Outdoor Equipment: Engraved, laminated acrylic or melamine label.

C. Elevated Components: Increase sizes of labels and letters to those
appropriate for viewing from the floor.

2. Equment to Be Labeled Shall Include But Not Be Limited To:

Panelboards, electrical cabinets, and enclosures.

Access doors and panels for concealed electrical items.

Transformers.

Emergency system boxes and enclosures.

Disconnect switches.

Enclosed circuit breakers.

Power transfer equipment. (ATS/MTS)

Contactors.

Fire-alarm control panel and annunciators

Power-generating units.

All junction boxes. Label to include circuit numbers (panel and number).
All receptacle device plates shall be etched with circuit numbers. (panel and
number).

All lighting switch plates shall have circuit numbers on the back of the plate.
(panel and number).

—FT T S@ e a0 T

3

NORMAL EMERGENCY SYSTEM NORMAL
‘HA’ ‘ATS-LS’ T-LA
480Y/277V 480Y/277V 75KVA, 480V to 208Y/120V

FED FROM ‘MDP’ FED FROM ‘MDP’ NORMAL FED FROM ‘HA'
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FED FROM ‘EMSB’ EMERGENCY FEEDS ‘LA’
FEEDS 'LS-HA'

3.02

3. Provide for each feeder overcurrent protective device in each switchgear,
switchboard, distribution panelboard, motor control center, and any other similar
equipment furnished under this Division, identification as to the specific load that it
serves.

Existing Panel Schedules: Any existing panel where a circuit was removed, relocated or
added, the contractor shall provide a new panel schedule with updated information.

INSTALLATION

A. Verify identity of each item before installing identification products.

B. Location: Install identification materials and devices at locations for most convenient viewing
without interference with operation and maintenance of equipment.

C. Apply identification devices to surfaces that require finish after completing finish work.

D. Self-Adhesive Identification Products: Clean surfaces before application, using materials and
methods recommended by manufacturer of identification device.

E. Attach non-adhesive signs and plastic labels with screws and auxiliary hardware appropriate
to the location and substrate.

F. System ldentification Color Banding for Raceways and Cables: Each color band shall
completely encircle cable or conduit. Place adjacent bands of two-color markings in contact,
side by side. Locate bands at changes in direction, at penetrations of walls and floors, at 50-
foot (15-m) maximum intervals in straight runs, and at 25-foot (7.6-m) maximum intervals in
congested areas.

G. Color-Coding for Identification, 600 V and Less: Use the colors listed below for ungrounded

service, feeder, and branch-circuit conductors.

1. Color shall be factory applied or for sizes larger than No. 1 AWG, if authorities having
jurisdiction permit, field applied.

2. Colors for Grounding Conductors:
a. Equipment Grounding Conductor: Green.
b. Isolated Equipment Grounding Conductor: Green with Yellow Stripe.

3. Colors for 208/120-V Wye Systems:

a. Phase A: Black.

b. Phase B: Red.

C. Phase C: Blue.

d. Grounded Conductor (Neutral): White
4. Colors for 480/277-V Wye Systems:

a. Phase A: Brown.
b. Phase B: Purple.
C. Phase C: Yellow.
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d. Grounded Conductor (Neutral): Gray

d. Field-Applied, Color-Coding Conductor Tape: Apply in half-lapped turns for a
minimum distance of 6 inches (150 mm) from terminal points and in boxes where
splices or taps are made. Apply last two turns of tape with no tension to prevent
possible unwinding. Locate bands to avoid obscuring factory cable markings.

H. Aluminum Wraparound Marker Labels and Metal Tags: Secure tight to surface of conductor or
cable at a location with high visibility and accessibility.

Underground-Line Warning Tape: During backfilling of trenches install continuous
underground-line warning tape directly above line at 6 to 8 inches (150 to 200 mm) below
finished grade. Use multiple tapes where width of multiple lines installed in a common trench
or concrete envelope exceeds 16 inches (400 mm) overall.

J. Painted Identification: Prepare surface and apply paint according to Division 09 painting
Sections.
END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16060 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1.00

GENERAL

1.01  SUMMARY

A

NFPA 70 and IEEE C2 include basic grounding requirements for electrical safety. This
Section supplements the minimum safety requirements of the Code with requirements for
additional grounding and with optional grounding methods and materials for both power
and electronic systems.

This Section includes methods and materials for grounding systems and equipment, plus
the following special applications:

1. Underground distribution grounding.

2. Common ground bonding with lightning protection system.

1.02  QUALITY ASSURANCE

A

E.

F.

PART 2.00

Testing Agency Qualifications: For independent agency as defined in Division 26 Section
“Common Work Results for Electrical”.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA
70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and
marked for intended use.

Comply with UL 467 for grounding and bonding materials and equipment.

Comply with NFPA 70

Comply with IEEE C2

Comply with ANSI/EIA/TIA-607

PRODUCTS

201 CONDUCTORS

A

Insulated Conductors: Copper or Tinned-Copper wire or cable insulated for 600 V unless
otherwise required by applicable Code or authorities having jurisdiction.

Bare Copper Conductors:

1. Solid Conductors: ASTM B 3.

2. Stranded Conductors: ASTM B 8.

3. Bonding Cable: 28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm)
in diameter.

4. Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.
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5. Bonding Jumper: Copper tape, braided conductors, terminated with copper
ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

6. Tinned Bonding Jumper: Tinned-copper tape, braided conductors, terminated
with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

7. Main Bonding Jumper: stranded copper conductors sized as indicated on
Drawings.

8. Grounding Electrode Conductor: stranded copper conductors sized as indicated
on Drawings.

Q. Common Grounding Electrode Conductor: stranded copper conductors sized as

indicated on Drawings.

C. Grounding Bus: Rectangular bars of annealed copper, 1/4 by 4 inches (6 by 100 mm) in
cross section, unless otherwise indicated; with insulators. Length as indicated on
Drawings.
2.02 CONNECTORS
A Listed and labeled by a nationally recognized testing laboratory acceptable to authorities
having jurisdiction for applications in which used, and for specific types, sizes, and
combinations of conductors and other items connected.
B. Bolted Connectors for Conductors and Pipes: Copper or copper alloy, bolted pressure-
type, with at least two bolts.
1. Pipe Connectors: Clamp type, sized for pipe.
C. Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer
for materials being joined and installation conditions.
2.03 GROUNDING ELECTRODES
A. Ground Rods: Copper-clad steel; 5/8 inch (16 mm) diameter by 120 inches (3000 mm)
long, unless otherwise indicated.
PART 3.00 EXECUTION
3.01  APPLICATIONS
A. Conductors: Install insulated solid conductor for No. 10 AWG and smaller, and insulated
stranded conductors for No. 8 AWG and larger, unless otherwise indicated.
B. Underground Grounding Conductors: Install bare tinned-copper conductor, No. 3/0 AWG
minimum, unless otherwise indicated.
1. Bury at least 30 inches (762 mm) below grade.
2. Duct-Bank Grounding Conductor: Bury 12 inches above duct bank when indicated
as part of duct bank installation.
C. Isolated Grounding Conductors: Green-colored insulation with continuous yellow stripe.

On feeders with isolated ground, identify grounding conductor where visible to normal
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F.

inspection, with alternating bands of green and yellow tape, with at least three bands of
green and two bands of yellow.

Grounding Bus: Install in electrical and telephone/communications equipment rooms, in
rooms housing service equipment, and elsewhere as indicated.

1. Install bus on insulated spacers 1 inch (25 mm), minimum, from wall 6 inches
(150 mm) above finished floor, unless otherwise indicated.
2. Where indicated on both sides of doorways, route bus up to top of door frame,

across top of doorway, down to specified height above floor, and connect to
horizontal bus.

Conductor Terminations and Connections: Use the following connectors styles, unless
otherwise indicated.

1. Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.

2. Underground Connections: Exothermic Welded connectors, except at test wells
and as otherwise indicated.

3. Connections to Ground Rods at Test Wells: Bolted connectors.

4. Connections to Structural Steel: Exothermic Welded connectors.

5. Connections to Ufer Ground: Exothermic Welded connectors.

Comply with ANSI-607 requirements for telephone/communications grounding riser

3.02 GROUNDING UNDERGROUND DISTRIBUTION SYSTEM COMPONENTS

A

B.

Comply with IEEE C2 grounding requirements.

Grounding Handholes: Install a driven ground rod through handhole floor, close to wall,
and set rod depth so 4 inches (100 mm) will extend above finished floor. If necessary,
install ground rod before handhole/manhole is placed and provide No. 1/0 AWG bare,
tinned-copper conductor from ground rod into manhole through a waterproof sleeve in
manhole wall. Protect ground rods passing through concrete floor with a double wrapping
of pressure-sensitive insulating tape or heat-shrunk insulating sleeve from 2 inches (50
mm) above to 6 inches (150 mm) below concrete. Seal floor opening with waterproof,
nonshrink grout.

Pad-Mounted Transformers and Switches: The following is @ minimum if the utility
company does not have requirements, otherwise meet the utility company requirements.
Install two ground rods and a ground ring around the pad. Ground pad-mounted equipment
and noncurrent-carrying metal items associated with transformer, switch, or substations
by connecting them to underground cable and grounding electrodes. Install tinned-copper
conductor not less than No. 2 AWG for ground ring and for taps to equipment grounding
terminals. Bury ground ring not less than 6 inches (150 mm) from the edge of foundation.

Grounding Connections to Manhole Components: Bond exposed-metal parts such as
inserts, cable racks, pulling irons, ladders, and cable shields within each manhole or
handhole, to ground rod or grounding conductor. Make connections with No. 4 AWG
minimum, stranded, hard-drawn copper bonding conductor. Train conductors level or
plumb around corners and fasten to manhole walls. Connect to cable armor and cable
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3.03

3.04

shields as recommended by manufacturer of splicing and termination kits

EQUIPMENT GROUNDING
A. Install insulated equipment grounding conductors with all feeders and branch circuits.
1. Bond to each device, box, or luminaire, unless otherwise indicated.
2. Conductor insulation of the same rating as the phase conductors, for all feeders

and branch circuits. Install the grounding conductors in the raceway with related
phase and neutral conductors.

3. Where parallel conductors in separate raceways occur, provide a grounding
conductor in each raceway that meets requirements of NFPA 70.

Dry-Type Transformers: Install an insulated grounding conductor from the common point

of connection of the transformer secondary neutral point and the transformer enclosure to

the following:

1. The nearest grounding electrode per NFPA 70, including but not limited to building
steel where available.

2. The grounding bus of the common electrode grounding system, located in the
electrical equipment room.

Enclosures: Install an insulated grounding conductor from grounding bushings to the frame
of the enclosure, ground bus, and equipment grounding strap where each occurs. Install
grounding bushings on all raceways terminating within electrical enclosures constructed
of separate enclosure panels, which are not integrally welded together.

Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-
mounted electrical devices operating at 120 V and more, including but not limited to air
cleaners, heaters, dampers, humidifiers, and other duct electrical equipment. Bond
conductor to each unit and to air duct and connected metallic piping.

Water Heater, Heat-Tracing, and Antifrost Heating Cables: Install a separate insulated
equipment grounding conductor to each electric water heater and heat-tracing cable. Bond
conductor to heater units, piping, connected equipment, and components.

Signal and Communication Equipment: For telephone, alarm, voice and data, and other

communication equipment, provide No. 4 AWG minimum insulated grounding conductor

in raceway from grounding electrode system to each service location, terminal cabinet,
wiring closet, and central equipment location.

1. Service and Central Equipment Locations and Wiring Closets: Terminate
grounding conductor on a 1/4-by-4 (6-by-1000) grounding bus. Length as
indicated on the drawings.

2. Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal.

INSTALLATION

A

Provide permanent service neutral and equipment grounding in accordance with NFPA 70
and subject to the following additional requirements.
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Grounding Conductors: Route along shortest and straightest paths possible, unless
otherwise indicated or required by Code. Avoid obstructing access or placing conductors
where they may be subjected to strain, impact, or damage.

Comply with mounting and support requirements specified in Division 26 Section "Hangers
and Supports for Electrical Systems."

Connect the service neutral and equipment ground to a common point within the metallic
enclosure containing the main service disconnecting means. Equipment grounds and the
identified neutral of the wiring system shall not be interconnected beyond this point in the
interior wiring system. From the common point of connection of the service neutral and the
equipment ground, run in non-magnetic conduit a grounding electrode conductor without
joint or splice to the grounding electrode system and connect it with an approved bolted
pressure clamp.

Bonding Straps and Jumpers: Install in locations accessible for inspection and
maintenance, except where routed through short lengths of conduit.

1. Bonding to Structure: Bond straps directly to basic structure, taking care not to
penetrate any adjacent parts.

2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:
Install so vibration is not transmitted to rigidly mounted equipment.

3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-
type connection is required, use a bolted clamp.

4. Where expansion joints or telescoping joints occur, provide bonding jumpers.

Grounding and Bonding for Piping:

1. Metal Water Service Pipe: Install insulated copper grounding conductors, in
conduit, from building's main service equipment, or grounding bus, to main metal
water service entrances to building. Connect grounding conductors to main metal
water service pipes, using a bolted clamp connector or by bolting a lug-type
connector to a pipe flange, using one of the lug bolts of the flange. Where a
dielectric main water fitting is installed, connect grounding conductor on street side
of fitting. Bond metal grounding conductor conduit or sleeve to conductor at each
end.

2. Water Meter Piping: Use braided-type bonding jumpers to electrically bypass
water meters. Connect to pipe with a bolted connector.

3. Bond each aboveground portion of gas piping system downstream from
equipment shutoff valve.

Bonding Interior Metal Ducts: Bond metal air ducts to equipment grounding conductors of
associated fans, blowers, electric heaters, and air cleaners. Install bonding jumper to bond
across flexible duct connections to achieve continuity.

Ground Rods: Drive rods until tops are 12 inches (50 mm) below finished floor or final

grade, unless otherwise indicated.

1. Interconnect ground rods with grounding electrode conductor a minimum of 30-
inches below grade unless otherwise indicated. Make connections without
exposing steel or damaging coating, if any.
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2. For grounding electrode system, install at least three rods spaced at least two-rod
lengths from each other and located at least the same distance from other
grounding electrodes, and connect to the service grounding electrode conductor.

Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are

specified in Division 26 Section "Underground Ducts and Raceways for Electrical

Systems," and shall be at least 12 inches (300 mm) deep, with cover.

1. Test Wells: Install at least three test wells for each service, unless otherwise
indicated. Install at the ground rod electrically closest to service entrance. Set top
of test well flush with finished grade or floor.

Grounding for Steel Building Structure: Install a driven ground rod at base of each corner
column and at intermediate exterior columns at distances not more than 60 feet (18 m)
apart.

Ufer Ground (Concrete-Encased Grounding Electrode): Fabricate according to NFPA 70,
using a minimum of 20 feet (6 m) of bare copper conductor not smaller than No. 4 AWG.

1. If concrete foundation is less than 20 feet (6 m) long, coil excess conductor within
base of foundation.
2. Bond grounding conductor to reinforcing steel in at least four locations and to

anchor bolts. Extend grounding conductor below grade and connect to building
grounding grid or to grounding electrode external to concrete.

3.05 IDENTIFICATION

A

|dentify field-installed conductors, interconnecting wiring, and components as specified in
Division 26 Section "ldentification for Electrical Systems."

3.06 FIELD QUALITY CONTROL

A

Perform the following field tests and inspections and prepare certified test reports:

1. After installing grounding system but before permanent electrical circuits have
been energized, test for compliance with requirements.
2. Test completed grounding system at each location where a maximum at service

disconnect enclosure grounding terminal, at ground test wells, at individual ground

rods and locations where a ground-resistance level is specified,. Make tests at

ground rods before any conductors are connected.

a. Measure ground resistance not less than two full days after last trace of
precipitation and without soil being moistened by any means other than
natural drainage or seepage and without chemical treatment or other
artificial means of reducing natural ground resistance.

b. Perform tests by fall-of-potential method according to IEEE 81.

Correct Deficiencies, Retest and Report:

1. Correct unsatisfactory conditions, and retest to demonstrate compliance; replace
conductors, units, and rods as required to bring system into compliance.
2. Prepare a report, certified by testing agency, which identifies components checked

and describes results. Include notation of deficiencies detected, remedial action
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taken, and observations and test results after remedial action.

END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16070 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1.00 GENERAL
1.01  RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.02  SUMMARY

A. This Section includes the following:
1. Hangers and supports for electrical equipment and systems.
2. Construction requirements for concrete bases.

1.03  DEFINITIONS
A. EMT: Electrical metallic tubing.
B. FMC: Flexible metal conduit.
C. IMC: Intermediate metal conduit.
D. RMC: Rigid metal conduit.
E. RAC: Rigid aluminum conduit.
F. RNC: Rigid nonmetallic conduit.
G. RSC: Rigid Steel conduit.
1.04 PERFORMANCE REQUIREMENTS
A. Delegated Design: Design supports for multiple raceways, raceways using NFPA 70 criteria
and performance requirements and design criteria indicated.
1. Design supports for multiple raceways capable of supporting combined weight of
supported systems and its contents.
2. Design equipment supports capable of supporting combined operating weight of
supported equipment and connected systems and components.
B. Rated Strength: Adequate in tension, shear, and pullout force to resist maximumloads
calculated or imposed for this Project, with a minimum structural safety factor of five times
the applied force.

1.05 SUBMITTALS

A. Product Data: For the following:
1. Steel slotted support systems.
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2. Nonmetallic slotted support systems.

B. Shop Drawings: Show fabrication and installation details and include calculations for the
following:
1. Trapeze hangers. Include Product Data for components.
2. Steel slotted channel systems. Include Product Data for components.
3. Nonmetallic slotted channel systems. Include Product Data for components.
4, Equipment supports.
5. Concrete Based for Equipment.

C. Welding certificates.
1.06  QUALITY ASSURANCE

A. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural
Welding Code - Steel."

B. Comply with NFPA 70.
1.07  COORDINATION

A, Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases.
Concrete, reinforcement, and formwork requirements are specified in Division 03.

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. These
items are specified in Division 07 Section "Roof Accessories."

PART 2.00 PRODUCTS
201  SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A. Steel Slotted Support Systems: Comply with MFMA-4, factory-fabricated components for
field assembly.
1. Manufacturers: Subject to compliance with requirements, provide products by one

of the following:

Allied Tube & Conduit.

Cooper B-Line, Inc.; a division of Cooper Industries.

ERICO International Corporation.

GS Metals Corp.

Thomas & Betts Corporation.

Unistrut; Tyco International, Ltd.
g. Wesanco, Inc.

2. Metallic Coatings: Hot-dip galvanized after fabrication and applied according to
MFMA-4.

3. Nonmetallic Coatings: Manufacturer's standard PVC, polyurethane, or polyester
coating applied according to MFMA-4.

4, Painted Coatings: Manufacturer's standard painted coating applied according to
MFMA-4.

5. Channel Dimensions: Selected for applicable load criteria.
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Nonmetallic Slotted Support Systems: Structural-grade, factory-formed, glass-fiber-resin
channels and angles with 9/16-inch- (14-mm-) diameter holes at a maximum of 8 inches
(200 mm) o.c., in at least 1 surface.

1. Available Manufacturers: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not
limited to, the following:

a. Allied Tube & Conduit.

b. Cooper B-Line, Inc.; a division of Cooper Industries.
C. Fabco Plastics Wholesale Limited.

d. Seasafe, Inc.

2. Fittings and Accessories: Products of channel and angle manufacturer and
designed for use with those items.

3. Fitting and Accessory Materials: Same as channels and angles, except metal
items may be stainless steel.

4. Rated Strength: Selected to suit applicable load criteria.

Device Box Mounting Brackets and Stabilizer: Factory-fabricated sheet steel brackets for

support of device boxes adjacent to or between studs.

1. Available Manufacturers: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not
limited to, the following:

a. Cooper B-Line, Inc.; a division of Cooper Industries.
b. ERICO International Corporation.

Through-Stud Cable and Raceway Support Clips: Factory-fabricated spring steel clip for

cables or raceways where run horizontally through metal studs.

1. Available Manufacturers: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not
limited to, the following:

a. Cooper B-Line, Inc.; a division of Cooper Industries.
b. ERICO International Corporation.

Roof-mounted Raceway Support Blocking: Factory-fabricated support blocking for use
under roof-mounted raceways. Wedge-shaped blocking constructed of 100% recycled
UV-resistant Rubber with integral galvanized steel strut to accept raceway support clips.
1. Available Manufacturers: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not
limited to, the following:
a. Cooper B-Line, Inc.; a division of Cooper Industries.
b. ERICO International Corporation.

Tee Bar Grid Box Hanger: Factory-fabricated metal electrical box hanger for supporting

boxes at locations between ceiling system t-grid components. Height adjustable for

various electrical box depths. Attached to ceiling tee bar with screws or integral clamp for

stability. Includes tab for independent support wire attachment.

1. Available Manufacturers: Subject to compliance with requirements, manufacturers
offering products that may be incorporated into the Work include, but are not
limited to, the following:
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a. Cooper B-Line, Inc.; a division of Cooper Industries.
b. ERICO International Corporation.

Raceway and Cable Supports: As described in NECA 1 and NECA 101.

Conduit and Cable Support Devices: Steel and malleable-iron hangers, clamps, and
associated fittings, designed for types and sizes of raceway or cable to be supported.

Support for Conductors in Vertical Conduit: Factory-fabricated assembly consisting of
threaded body and insulating wedging plug or plugs for non-armored electrical conductors or
cables in riser conduits. Plugs shall have number, size, and shape of conductor gripping
pieces as required to suit individual conductors or cables supported. Body shall be malleable

iron.

Structural Steel for Fabricated Supports and Restraints: ASTM A 36/A 36M, steel plates,
shapes, and bars; black and galvanized.

Mounting, Anchoring, and Attachment Components: ltems for fastening electrical items or
their supports to building surfaces include the following:

1.

Powder-Actuated Fasteners: Threaded-steel stud, for use in hardened portland
cement concrete, steel, or wood, with tension, shear, and pullout capacities
appropriate for supported loads and building materials where used.

a. Available Manufacturers: Subject to compliance with requirements,
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1) Hilti Inc.

2) ITW Ramset/Red Head; a division of lllinois Tool Works, Inc.

3) MKT Fastening, LLC.

4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit.
Mechanical-Expansion Anchors: Insert-wedge-type, stainless steel, for use in
hardened portland cement concrete with tension, shear, and pullout capacities
appropriate for supported loads and building materials in which used.

a. Available Manufacturers: Subject to compliance with requirements,
manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1) Cooper B-Line, Inc.; a division of Cooper Industries.

2) Empire Tool and Manufacturing Co., Inc.

3) Hilti Inc.

4) ITW Ramset/Red Head; a division of lllinois Tool Works, Inc.

5) MKT Fastening, LLC.

Concrete Inserts: Steel or malleable-iron, slotted support system units similar to

MSS Type 18; complying with MFMA-4 or MSS SP-58.

Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for

attached structural element.

Through Bolts: Structural type, hex head, and high strength. Comply with ASTM A

325.

Toggle Bolts: All-steel springhead type.

Hanger Rods: Threaded steel.
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2.02 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

A

PART 3.00

Description: Welded or bolted, structural-steel shapes, shop or field fabricated to fit
dimensions of supported equipment.

Materials: Comply with requirements in Division 05 Section "Metal Fabrications" for steel
shapes and plates.

EXECUTION

3.01  APPLICATION

A

Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical
equipment and systems except if requirements in this Section are stricter.

Maximum Horizontal and Vertical Support Spacing for Raceway(s): Space supports for
EMT, IMC, and RMC as required by NFPA 70, but in no case less than listed below:

1. For raceways 1" diameter and larger, provide one hanger at 8'-0" on center.

2. For raceways less than 1" diameter, provide one hanger at 5'-0" on center.

Minimum Hanger Rod Size for Raceway Supports: Minimum rod size shall be 1/4 inch (6
mm) in diameter.

Single Raceways or Cables:

1. For Raceways 1-1/4-inch (32mm) and smaller: Install adjustable steel band
hanger suspended on threaded rod.
2. For Raceways larger than 1-1/4-inch (30mm): Install trapeze-type supports

fabricated with steel slotted support system suspended on threaded rods. Size

trapeze members, including the suspension rods, based on the support required

for the size, and loaded weight of the conduits.

a. Secure raceway or cable to support with two-bolt conduit clamps or
single-bolt conduit clamps using spring friction action for retention in
support channel.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted or

other support system, sized so capacity can be increased by at least 25 percent in future

without exceeding specified design load limits.

1. Secure raceways and cables to these supports with two-bolt conduit clampssingle-bolt
conduit clamps using spring friction action for retention in supportchannel.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-
inch and smaller raceways serving branch circuits and communication systems above
suspended ceilings and for fastening raceways to trapeze supports.

Corrosive Areas: Provide non-metallic slotted support systems for supports installed in
corrosive areas. Corrosive areas include, but are not limited to the following:

1. Pools and Pool Equipment Areas.

2. Within 25-feet (7.62-m) of Cooling Towers and Air Cooled Chillers.
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3.02

SUPPORT INSTALLATION

A

Comply with NFPA 70, NECA 1 and NECA 101 for installation requirements except as
specified in this Article.

Raceway Support Methods: In addition to methods described in NECA 1, EMT IMC RMC
EMT, IMC, and RMC may be supported by openings through structure members, as
permitted in NFPA 70.

Fasten junction, pull and devices boxes securely to the building construction, independent
of raceway system.

Install Device Box Mounting Brackets supported between two studs. Do not attached
Receptacle boxes directly to a single stud.

Install Through-Stud Cable and Raceway Support Clips where cables or raceways run
horizontally through metal studs.

Support raceways at a distance above suspended ceilings to permit removal of ceiling
panels and luminaires.

Locate raceways so as not to hinder access to mechanical equipment.
Do not secure conductors, raceways, or supports to suspended ceiling hanger rods or wires.

Install Tee Bar Grid Box Hanger supported between two ceiling grid tee bars where devices
boxes are located flush in recessed suspended ceilings.
1. Install at least one independent support rod from box hanger to structure.

Install Roof-mounted Raceway Support Blocking where raceways run on across roofing.

1. Coordinate installation of roof supports with items specified in Division 07 Section
"Roof Accessories." Provide products compatible with rooftop materials included in
the Work.

Strength of Support Assemblies: Where not indicated, select sizes of components so strength
will be adequate to carry present and future static loads within specified loading limits.
Minimum static design load used for strength determination shall be weight of supported
components plus 200 Ib.

Mounting and Anchorage of Surface-Mounted Equipment and Components: Anchor and
fasten electrical items and their supports to building structural elements by the following
methods unless otherwise indicated by code:

1. To Wood: Fasten with lag screws or through bolts.

2. To New Concrete: Bolt to concrete inserts.

3. To Masonry: Approved toggle-type bolts on hollow masonry units and expansion
anchor fasteners on solid masonry units.

4. To Existing Concrete: Expansion anchor fasteners.

5. Instead of expansion anchors, powder-actuated driven threaded studs provided

with lock washers and nuts may be used in existing standard-weight concrete 4
16070-6



3.03

3.04

3.06

M.

inches thick or greater. Do not use for anchorage to lightweight-aggregate concrete
or for slabs less than 4 inches thick.

6. To Steel: Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS
SP-69 or Spring-tension clamps.

7. To Light Steel: Sheet metal screws.

8. ltems Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount
cabinets, panelboards, disconnect switches, control enclosures, pull and junction
boxes, transformers, and other devices on slotted-channel racks attached to
substrate.

Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing
bars.

INSTALLATION OF FABRICATED METAL SUPPORTS

A. Comply with installation requirements in Division 05 Section "Metal Fabrications" for site-
fabricated metal supports.

B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and
elevation to support and anchor electrical materials and equipment.

C. Field Welding: Comply with AWS D1.1/D1.1M.

CONCRETE BASES

A. Construct concrete bases of dimensions indicated but not less than 4 inches larger in both
directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from
edge of the base.

B. Use 3000-psi, 28-day compressive-strength concrete. Concrete materials, reinforcement,
and placement requirements are specified in Division 03 Section "Cast-in-Place Concrete."

C. Anchor equipment to concrete base.

1. Place and secure anchorage devices. Use supported equipment manufacturer's
setting drawings, templates, diagrams, instructions, and directions furnished with
items to be embedded.

2. Install anchor bolts to elevations required for proper attachment to supported
equipment.

3. Install anchor bolts according to anchor-bolt manufacturer's writteninstructions.

PAINTING

A. Touchup: Clean field welds and abraded areas of shop paint. Paint exposed areas
immediately after erecting hangers and supports. Use same materials as used for shop
painting. Comply with SSPC-PA 1 requirements for touching up field-painted surfaces.

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils.

B. Touchup: Comply with requirements in Division 09 painting Sections for cleaning and

touchup painting of field welds, bolted connections, and abraded areas of shop paint on
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miscellaneous metal.

C. Galvanized Surfaces: Clean welds, bolted connections, and abraded areas and apply
galvanizing-repair paint to comply with ASTM A 780.

END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16120 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1.00 GENERAL
1.01  RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Specification Sections, apply to this Section.

1.02  SUMMARY

A. This Section includes the following:
1. building wires and cables rated 600V and less
2. Connectors, splices and terminations rated 600 V and less
3. Sleeves and sleeve seals for cables

1.03  QUALITY ASSURANCE
A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA
70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and
marked for intended use.
B. Comply with NFPA 70- Latest edition or edition enforced by state and local code authority.
PART 2.00 PRODUCTS
2.01  CONDUCTORS AND CABLES

A. Refer to Part 3 "Conductor and Insulation Applications" Article for insulation type, cable
construction, and ratings.

B. Conductor Material: Copper unless indicated otherwise on Drawings; stranded conductor
or solid conductor for No. 10 AWG and smaller, stranded for No. 8 AWG and larger.

C. Conductor Insulation Types: Comply with NEMA WC 70 for Types THHN-THWN, XHHW,
and SO, as indicated.

D. Multiconductor Cables: Comply with NEMA WC 70; Exterior sheath color coded to
differentiate cable voltages and quantity of phase conductors.

E. Description: Factory-fabricated connectors and splices of size, ampacity rating, material,
type, and class for application and service indicated.

F. Conductor Temperature Rating: Provide conductors with 75 degree C rating. For high
temperature applications, provide conductors with temperature ratings in accordance with
NDPA 70 for ambient condition.

PART 3.00 EXECUTION
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3.01

3.02

CONDUCTOR AND INSULATION APPLICATIONS

A. Service Entrance: Type THHN-THWN, single conductors in raceway.

B. Exposed Feeders: Type THHN-THWN, single conductors in raceway.

C. Feeders Concealed in Ceilings, Walls, and Partitions: Type THHN-THWN, single
conductors in raceway.

D. Feeders Concealed in Concrete, below Slabs-on-Grade, and in Crawlspaces: Type THHN-
THWN, single conductors in raceway.

E. Exposed Branch Circuits, including in Crawlspaces: Type THHN-THWN, single conductors
in raceway.

F. Branch Circuits Concealed in Ceilings, Walls, and Partitions: Type THHN-THWN, single
conductors in raceway.

G. Branch Circuits Concealed in Concrete and below Slabs-on-Grade: Type THHN-THWN,
single conductors in raceway.

H. Branch Circuits Installed below Raised Flooring: Type THHN-THWN, single conductors in
raceway.

l. Fire Alarm Cabling: Plenum rated, exposed. Secured per NFPA 70-760.

J. Combining of more than three circuits in a conduit is not allowed. IE no more than three
phase conductors.

K. Single Phase Circuits: Provide a dedicated neutral. Sharing of neutrals is not allowed.

L. Cord Drops and Portable Appliance Connections: Type SO, hard service cord with
stainless-steel,wire-mesh, strain relief device at terminations to suit application.

INSTALLATION

A. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.

B. Run feeders in continuous lengths, without joints or splices. Where continuous runs are
impractical; obtain Engineer’s approval for splice locations and application.

C. Run branch in continuous lengths, without joints or splices. Where continuous runs are
impractical it shall be permitted to splice, however no splices shall be permitted within in-
grade pull boxes.

D. Make joints in branch circuits only where circuits divide.

E. Do not use gutters of panelboards as raceways, junction boxes, or pull boxes for conductors
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3.03

not terminating in said panelboards.
Run conduits for emergency power conductors separate from all other wiring.

Bundling Conductors: Bundle conductors in switchboards, panelboards, cabinets, and the
like, using nylon ties made for the purpose. Bundle conductors larger than No. 10 in
individual circuits. Smaller conductors may be bundled in larger groups.

Terminations of multiple branch circuit conductors on a single circuit breaker is not
acceptable.

Install exposed cables parallel and perpendicular to surfaces of exposed structural
members, and follow surface contours. Install all conductors in raceways, unless specifically
noted otherwise.

Support cables according to Section "Basic Electrical Materials and Methods."

Identify and color-code conductors and cables according to Section “Identification for
Electrical Equipment”

Sizes:

1. Provide conductors no smaller than No. 12 AWG, except for signal or control
circuits.

2. Use #10 AWG conductors for 20 amperage 120V circuits when the circuit
conductors are longer than 75 feet.

3. Use #10 AWG conductors for 20 amperage 277V circuits when the circuit
conductors are longer than 200 feet.

4. Provide neutral conductors of the same size as the phase conductor(s) for
individual branch circuit homeruns.

WIRE PULLING

A

Pull no conductors into conduits until all Work of a nature which may cause injury to
conductors is completed.

Follow manufacturers’ recommendations for regulating temperature conditions of
conductors prior to installation.

Exercise care in handling and installing cables to avoid damage. Carefully form cables in
equipment pull boxes. Form bends in cables larger than the minimum radii shown in the

cable manufacturer's published data for minimum bends such that bends will not reduce

the cable life.

Provide suitable installation equipment to prevent abrasion and cutting of conductors by
raceways during the pulling of conductors. Use ropes of polyethylene, nylon or other
suitable non-metallic material to pull in feeders. Metallic ropes are prohibited.

Before any wire is pulled into any conduit, thoroughly swab the conduit to remove all
foreign material and to permit the wire itself to be pulled into a clean, dry conduit.
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F. Use manufacturer-approved pulling compound or lubricant where necessary; compound
used must not deteriorate conductor or insulation. Do not exceed manufacturer's
recommended maximum pulling tensions and sidewall pressure values.

G. Use pulling means, including fish tape, cable, rope, and basket-weave wire/cable grips,
that will not damage cables or raceway.

3.04 CONNECTIONS

A. Tighten electrical connectors and terminals according to manufacturer's published torque-
tightening values. If manufacturer's torque values are not indicated, use those specified in
UL 486A and UL 486B

B. Wiring at Outlets: Install conductor at each outlet, with at least 6 inches (150 mm) of slack.
C. Provide temperature ratings of connectors and splices to match wire rating.
END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16130 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1.00 GENERAL

1.01

1.02

1.03

1.04

RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions Specification Sections, apply to this Section.

SUMMARY
A. This Section includes raceways, fittings, boxes, enclosures, and cabinets for electrical
wiring.
B. Related Sections include the following:
1. Refer to architectural for firestopping materials and installation at penetrations
through walls, ceilings, and other fire-rated elements.
2. "Wiring Devices" for devices installed in boxes and for floor-box service fittings.
DEFINITIONS

A. EMT: Electrical metallic tubing.

B. ENT: Electrical nonmetallic tubing.

C. FMC: Flexible metal conduit.

D. IMC: Intermediate metal conduit.

E. LFMC: Liquidtight flexible metal conduit.

F. LFNC: Liquidtight flexible nonmetallic conduit.

G. RNC: Rigid nonmetallic conduit.

SUBMITTALS

A Product Data: For surface raceways, floor boxes, and cabinets.

B. Coordination Drawings: Submit Coordination Drawings in accordance with Division 26
Section “Basic Electrical Requirements”. Include the following:
1. Raceway routing plans, on which the following items are shown and coordinated

with each other, based on input from installers of the items involved:
a. Proposed cable pull points.

b. Structural members in the paths of conduit groups with common supports.

C. HVAC, plumbing items, and architectural features in the paths of conduit
groups. Denote where systems share common supports.
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d. Purposed splice locations.

1.05 QUALITY ASSURANCE

A

B.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA
70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and
marked for intended use.

Comply with NFPA 70-Latest edition or edition enforced by state and local code authority.

1.06  COORDINATION

A

PART 2.00

Coordinate layout and installation of raceways, boxes, enclosures, cabinets, and
suspension system with other construction that penetrates ceilings or is supported by
them, including light fixtures, HVAC equipment, fire-suppression system, and partition
assemblies.

PRODUCTS

201 METAL WIREWAYS

A

Material and Construction: Sheet metal sized and shaped as indicated.
1. Indoors: NEMA-1
2. Outdoors: NEMA-3R

Fittings and Accessories:

1. Include couplings, offsets, elbows, expansion joints, adapters, hold- down straps,
end caps, and other fittings to match and mate with wireways as required for
complete system.

2. Provide spring nuts or guards on all screws installed toward the inside to prevent
wire insulation damage.

Select features, unless otherwise indicated, as required to complete wiring system and to
comply with NFPA 70 and UL 870.

Wireway Covers:
1. Hinged type unless access restrictions require screw-cover type.
2. Flanged-and-gasketed as required for NEMA type

Finish: Manufacturer's standard enamel finish.

202 SURFACE RACEWAYS

A

Surface Metal Raceways: Galvanized steel with snap-on covers. Finish with
manufacturer's standard prime coating and two coats of paint. Color by Architect.

Surface Nonmetallic Raceways: Two-piece construction, manufactured of rigid PVC with
texture and color selected by Architect from manufacturer's standard colors.
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Surface raceways used together with couplings, clips, bushings, straps, connectors,
connection covers, elbows, boxes, extension boxes, fixture boxes, extension adapters,
blank covers and all other required fittings; size to accommodate the conductors to be
installed therein in each case.

2.03 BOXES, ENCLOSURES, AND CABINETS

A

Floor Boxes: Cast metal, fully adjustable, rectangular with four separate wiring

compartments for power outlets, phone and data outlets as indicated on the drawing.

1. Provide products by the following manufactures or submit prior approval for
equals.
a. Wiremold RFB4E Series
b. T&B 665 Series

2. Covers shall be UL Listed to U.S. and Canadian safety standards for tile, carpet,
wood, bare concrete and terrazzo floors. Covers shall be selected by the
architect.

Sheet Metal Pull and Junction Boxes: NEMA OS 1.

Cast-Metal Pull and Junction Boxes: NEMA FB 1, cast aluminum, type FD with gasketed
cover.

Hinged-Cover Enclosures: with continuous hinge cover and flush latch.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard
enamel.

2. Nonmetallic Enclosures: Plastic, finished inside with radio-frequency-resistant
paint.

3. Ratings:

a. Indoor Locations: NEMA 250, Type 1.
b. Outdoor Locations: NEMA 250, Type 3R.

Cabinets:

Hinged door in front cover with flush latch and concealed hinge.

Key latch to match panelboards.

metal barriers to separate wiring of different systems and voltage and
Accessory feet where required for freestanding equipment.

Feet: Provide accessory feet for free standing equipment.

Ratings:

a. Indoor Locations: NEMA 250, Type 1.

b. Outdoor Locations: NEMA 250, Type 3R.

ok wh ~

In Grade Enclosures, Boxes And Covers:

1. required to conform to all test provisions of the most current ANSI/SCTE 77 for
Tier 22 applications.

2. When multiple “Tiers” are specified the boxes must physically accommodate and
structurally support compatible covers while possessing the highest Tier rating.

3. All covers are required to have the Tier level rating embossed on the surface. In

no assembly can the cover design load exceed the design load of the box.
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4, Cover to be labeled per use of box, ie “Electrical, Communications, etc”.
Communications pull boxes shall be a minimum of 24"W X 36"L X 36 “D.

2.04 FACTORY FINISHES

A

Finish: For raceway, enclosure, or cabinet components, provide manufacturer's standard
prime- coat finish ready for field painting.

2.05 METAL CONDUIT AND TUBING

A

Rigid Steel Conduit: Comply with ANSI C80.1 and UL 6; Galvanized rigid steel, each
length with a coupling on one end and thread protector on opposite end.

Aluminum Rigid Conduit: Comply with ANSI C80.5 and UL 6A; Rigid aluminum, each
length with a coupling on one end and thread protector on opposite end.

IMC: Comply with ANSI C80.6. and UL 1242.

Plastic-Coated Steel Conduit and Fittings: Comply with NEMA RN 1; PVC-coated RSC
with 0.040 inch (1 mm), minimum coating thickness.

EMT and Fittings: ANSI C 80.3 and UL 797
FMC: Aluminum

LFMC: Comply with UL 360; Flexible steel conduit with neoprene jacket and copper
grounding strand.

Conduit fittings for Hazardous (Classified) Locations: Comply with UL 886.

Fittings for RSC, RAC and IMC: Provide factory made threaded couplings of same

material as the conduit.

1. Molded thermoplastic insulating bushing at all boxes and cabinets, with locknuts
inside and outside box or cabinet. In wet locations, provide watertight hubs for
conduit entry into enclosures.

2. Thermoplastic insulated grounding bushing on all conduits where grounding
bushings are required, with locknuts inside and outside the enclosure. In wet
locations provide watertight hubs for conduit entry into enclosures.

3. Provide bushings on all conduits 1" or larger.

Fittings for EMT:

1. Steel, set-screw or compression couplings.

2. Steel, set-screw or compression insulated throat box connectors with molded

thermoplastic insulating bushing at all boxes and cabinets, with locknuts inside
box or cabinet.

3. Steel, set-screw or compression insulated throat box connectors with
thermoplastic insulated grounding bushing on all tubing where grounding
bushings are required.

4. Insulated throat material for fittings to be of a color that is easily distinguishable;
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PART 3.00

clear thermoplastic throats are not acceptable.

Provide bushings on all conduits 1" or larger.

6. Provide thermoplastic bushings on all conduits for telecommunications, data, fire
alarm cabling and similar.

o

Fittings for FMC and LFMC:

1. Adapters at connections between flexible and rigid conduit.

2. Thermoplastic insulated throat, steel connectors at box or cabinet terminations.
3. Insulated throat material for fittings to be of a color that is easily distinguishable;

clear thermoplastic throats are not acceptable.

Fittings for Conduit (Including all Types and Flexible and Liquidtight), EMT, and
Cable:NEMA FB 1; listed for type and size raceway with which used, and for application
and environment in which installed.

Joint Compound for RSC or IMC: Listed for use in cable connector assemblies, and
compounded for use to lubricate and protect threaded raceway joints from corrosion and
enhance their conductivity.

EXECUTION

3.01  RACEWAY APPLICATION

A

Outdoors:

Exposed: RSC, RAC, or IMC.

Concealed: RSC, RAC, or IMC.

Underground, Single Run: RNC.

Underground, Grouped: RNC.

Emergency Feeders: RSC

Connection to Vibrating Equipment (Including Transformers and Hydraulic,
Pneumatic, Electric Solenoid, or Motor-Driven Equipment): LFMC.

7. Boxes and Enclosures: NEMA 250, Type 3R, unless otherwise indicated.

Il o

Indoors:

Exposed, Not Subject to Physical Damage: EMT.Concealed: EMT.
Exposed and Subject to Physical Damage: RSC, or IMC.

Concealed within Masonry Walls: RSC, or EMT.

Concealed under Raised Floors: EMT or LFMC.

Conductors over 600 volts: RAC, RSC, or IMC.

Connection to Vibrating Equipment (Including Transformers and Hydraulic,
Pneumatic, Electric Solenoid, or Motor-Driven Equipment): FMC; except use
LFMC in damp or wet locations.

Damp or Wet Locations above Ground: RAC, RSC, or IMC

8. Boxes and Enclosures: NEMA 250, Type 1, except as follows:

a. Damp or Wet Locations: NEMA 230, Type 4, stainless steel.

S

~

Minimum Raceway Size:
1. Branch Circuits:3/4-inch (21mm) trade size
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3.02

2. Feeder Circuits: 3/4-inch (21mm)

D. Provide minimum 1/2-inch (16-mm) conduit for controls circuiting.

E. Raceway Fittings: Compatible with raceways and suitable for use and location.

1. RAC, RSC and IMC: Use threaded fittings, unless otherwise indicated.

F. Junction and Pull Boxes: Sheet steel boxes, unless noted or required otherwise.

1. Provide boxes no smaller than 4 inches square and 1-1/2 inches deep.

2. Size all junction and pull boxes in accordance with the NFPA 70, unless project
conditions dictate use of larger boxes.

G. Outlet and Device Boxes: Sheet steel boxes, unless noted or required otherwise.

1. For Lighting Fixture Outlets: 4 inch square with raised fixture ring.

2. For Wall Switches, Receptacles, and Communication Use: 4 inch square, one-
piece. Use boxes with plaster rings in all plastered walls where wall thickness
permits. Use boxes less than 1-1/2 inch deep only in locations where deep boxes
cannot be accommodated by construction.

3. Boxes Used Outdoors or in Damp/Wet Locations: Cast metal boxes with gasketed
covers and threaded hubs.

INSTALLATION

A. Install raceways a minimum of 6-inches (150 mm) away from parallel runs of flues, steam
pipes,hot-water pipes, and other objects operating at high temperatures

B. Install horizontal raceway runs above water and steam piping. Install raceways a
minimum of 1-inch (25.4-mm) frompipe insulation.

C. Complete raceway installation before starting conductor installation.

D. Support raceways as specified in "Basic Electrical Requirements."

E. Install temporary closures to prevent foreign matter from entering raceways.

F. Recessed Boxes in Fire-Rated Partitions: For boxes located on opposite sides of same
partition do not install boxes back-to-back; separate boxes with a minimum of 24 inch
separation

G. Do not install aluminum conduits in contact with concrete.

H. Make bends and offsets so ID is not reduced. Keep legs of bends in the same plane and

keep straight legs of offsets parallel, unless otherwise indicated.

Conceal conduit;

1. EMT shall be installed within finished walls, ceilings, and floors, unless otherwise
indicated.
2. Install concealed raceways with a minimum of bends in the shortest practical

distance, considering type of building construction and obstructions, unless
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otherwise indicated.
3. On concealed conduit systems where boxes are not otherwise accessible, set
boxes flush with finished surfaces for access, and provide overlapping covers.

Raceways Embedded in Slabs: Install in middle 1/3 of slab thickness where practical and
leave at least 2 inches (50 mm) of concrete cover.

1. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete
placement.

2. Space raceways laterally to prevent voids in concrete.

3. Run conduit larger than 1-inch trade size (DN 27) parallel or at right angles to
main reinforcement. Where at right angles to reinforcement, place conduit close to
slab support.

Install exposed raceways parallel or at right angles to nearby surfaces or structural
members and follow surface contours as much as possible.

1. Run parallel or banked raceways together on common supports.

2. Make parallel bends in parallel or banked runs. Use factory elbows only where
elbows can be installed parallel; otherwise, provide field bends for parallel
raceways.

Join raceways with fittings designed and approved for that purpose and make joints tight.
1. Use insulating bushings to protect conductors.

Terminations:

1. Where raceways are terminated with locknuts and bushings, align raceways to
enter squarely and install locknuts with dished part against box. Use two locknuts,
one inside and one outside box.

2. Where raceways are terminated with threaded hubs, screw raceways or fittings
tightly into hub so end bears against wire protection shoulder. Where chase
nipples are used, align raceways so coupling is square to box; tighten chase
nipple so no threads are exposed.

Stub-up Connections:

1. Extend conduits through concrete floor for connection to freestanding equipment.
Install with an adjustable top or coupling threaded inside for plugs set flush with
finished floor.

2. Extend conductors to equipment with rigid steel conduit; FMC may be used 6

inches (150 mm) above the floor. Install screwdriver-operated, threaded plugs
flush with floor for future equipment connections.

3. Protect stub-ups from damage where conduits rise through floor slabs. Arrange so
curved portions of bends are not visible above the finished slab.

4. Change from ENT to RAC, RSC, or IMC before rising above the floor.

Flexible Conduit Connections:

1. Use minimum of 72 inches at final connections to equipment subject to vibration,
noise transmission, or movement; and for transformers and motors.

2. Use LFMC in damp or wet locations subject to severe physical damage including
mechanical equipment rooms, at motor or equipment locations at or near pumps,
and when installed outdoors.
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3. Use LFMC in damp or wet locations not subject to severe physical damage.

Install covers on junction boxes and conduit bodies after wiring and connections are
completed.

Run conductors over 48 Volts in raceway, unless otherwise indicated.

Surface Raceways: Install a separate, green, ground conductor in raceways from junction
box supplying raceways to receptacle or fixture ground terminals.

Pull Boxes:

1. Install no more than the equivalent of three 90-degree bends and a maximum of
150 feet between pull points in any conduit run except for communications
conduits, for which fewer bends are allowed.

2. Provide boxes where shown and where necessary for the installation and pulling
of cables and wires.

Pull Wires:

1. Install pull wires in empty raceways. Use polypropylene or monofilament plastic
line with not less than 200-Ib (90-kg) tensile strength.

2. Leave at least 12 inches (300 mm) of slack at each end of pull wire.

Install hinged-cover enclosures and cabinets plumb. Support at each corner.

3.03 PROTECTION

A

Provide final protection and maintain conditions that ensure coatings, finishes, and
cabinets are without damage or deterioration at time of Substantial Completion.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.
2. Repair damage to PVC or paint finishes with matching touchup coating

recommended by manufacturer.

3.04 CLEANING

A. After completing installation of exposed, factory-finished raceways and boxes, inspect
exposed finishes and repair damaged finishes.
END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16140 - WIRING DEVICES

PART 1.00 GENERAL
1.01  RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 1 Specification Sections, apply to this Section.

1.02  SUMMARY

A. This Section includes the following:

Receptacles, receptacles with integral GFCI, and associated device plates.
Tamper-proof receptacles.

Twist-locking receptacles.

Snap switches and wall-box dimmers.

Solid-state fan speed controls.

Wall-box motion sensors.

Wall-switch occupancy sensors and time switches.

Pendant cord-connector devices.

Cord and plug sets.

©Co~N>aR W=

1.03  DEFINITIONS
A. EMI: Electromagnetic interference.
B. GFCI: Ground-fault circuit interrupter.
C. PVC: Polyvinyl chloride.
D. RFI: Radio-frequency interference.
E. TVSS: Transient voltage surge suppressor.
F. UTP: Unshielded twisted pair.
1.04  SUBMITTALS
A. Product Data: For each type of product indicated.
1. Receptacles, switches, plates, floor outlets, poke through assemblies, service
poles and multioutlet assemblies.
B. Samples: One for each type of device and wall plate specified, in each color specified.

1.05  QUALITY ASSURANCE

A. Source Limitations: Obtain each type of wiring device through one source from asingle
manufacturer.
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C.

PART 2.00

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA
70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and
marked for intended use.

Comply with NFPA 70 latest edition or edition enforced by state or local code authority.

PRODUCTS

201 MANUFACTURERS

A

Manufacturers: Subject to compliance with requirements, provide products by one of the
following:

1.

Receptacles: Duplex 125V, 20 A:

a. Hubbell - HBL 5362.

b. Leviton Mfg. Company Inc.-5362.

C. Pass & Seymour-CRB5362.

d. Pass & Seymour -PT5362A (Plug Tail Device).
GFI Receptacles: Weather Resistant 125 V, 20 A:
a. Hubbell Incorporated- BR2OWR

b. Leviton Mfg. Company Inc.-WBR20
C. Pass & Seymour- WR5362.

GFI Receptacles: Weather Resistant and Tamper Resistant 125V, 20 A:
a. Hubbell - BRZWRTR.

b. Leviton Mfg. Company Inc.-TWR20
C. Pass & Seymour- WR20TR.
Receptacles: Tamper Resistant 125V, 20 A:
a. Hubbell - BR20TR.

b. Leviton Mfg. Company Inc.-TWR20
C. Pass & Seymour- TR5362.
Switches-Single Pole:

a. Hubbell- HBL 1221.

b. Pass & Seymour - PS20AC1.

C. Leviton Mfg. Company, Inc.- 1221-1
Switches-Three Pole:

a. Hubbell- HBL1223

b. Leviton Mfg. Company, Inc.-1223-2.
C. Pass & Seymour-PS20AC3.
Switches — Occupancy Sensor Wall Type:

a. Hubbell - LH-MT

b. Leviton - OD15-ID

C. Sensor Switch - WSD-PD

d. Watt Stopper - WA-200

Switches — Key Operated / Security Switches:
a. Hubbell - HBL1221RKL.

b. Leviton - 1221-2KL

C. Pass & Seymour - PS20AC1-KL.
Dimmer Switches Line Voltage:

a. Lutron Nova T
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2.02

2.03

2.04

2.05

b. Pass & Seymour CD2000

* Dimmer must be compatible with Ballast or LED Driver.
10. Dimmer Switches 0-10V:

a. Synergy ISD

b. Cooper SF10P

* Dimmer must be compatible with Ballast or LED Driver.

RECEPTACLES

A. Straight-Blade-Type Receptacles: Comply with UL 498, 20 amp.

B. Straight-Blade and Locking Receptacles: Heavy-Duty grade 20 amp.

C. GFCI Receptacles: Straight blade, feed-through type, Heavy-Duty grade, with integral
NEMA WD 6, Configuration 5-20R duplex receptacle; complying with UL 498 and UL 943.
Design units for installation in a 2-3/4-inch- (70-mm-) deep outlet box without an adapter.

D. Tamper resistant in all public areas.

CORD AND PLUG SETS

A. Description: Match voltage and current ratings and number of conductors to requirements
of equipment being connected.

1. Cord: Rubber-insulated, stranded-copper conductors, with Type SOW-A jacket;
with green-insulated grounding conductor and equipment-rating ampacity plus a
minimum of 30 percent.

2. Plug: Nylon body and integral cable-clamping jaws. Match cord and receptacle
type for connection.

SWITCHES

A. Single- and Double-Pole Switches: Comply with UL 20, 20 amp.

B. Snap Switches: Heavy-Duty grade, quiet type 20 amp, 120/277 volt.

C. Live Voltage Dimmer: 120V, 2000 watt, slide to-off. Dimmer must be compatible with
ballast or driver.

D. 0-10V Dimmer: 120/277VAC, capable of three way, max wattage 1200 w 120VAC,
150000 277 VAC, Dimmer must be compatible with ballast or driver. 100% to 1%
continuous.

WALL PLATES

A. Single and combination types to match corresponding wiring devices.

1. Plate-Securing Screws: Metal with head color to match plate finish.

2. Material for Finished Spaces: As selected by Architect.

3. Material for Unfinished Spaces: Galvanized steel.

4 Material for Wet Locations: Cast aluminum with spring-loaded lift cover, and listed
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and labeled for use in "wet locations."

Wet-Location, Weatherproof Cover Plates:

1. NEMA 250, complying with type 3R weather-resistant while-in-use metalor
impact-resistant thermoplastic with lockable cover; non-removable gasket
between the mounting plate/base and cover; stainless steel hinges and mounting
hardware

206 POKE-THROUGH ASSEMBLIES

A

Description: Factory-fabricated and -wired assembly of below-floor junction box with
multichanneled, through-floor raceway/firestop unit and detachable matching floor service

outlet assembly.

1. Service Outlet Assembly: Flush type with four simplex receptacles and space for
four RJ-45 jacks.

2. Size: Selected to fit cored holes in floor and matched to floor thickness.

3. Fire Rating: Unit is listed and labeled for fire rating of floor-ceiling assembly.

4. Wiring Raceways and Compartments: For a minimum of four No. 12 AWG

conductors; and a minimum of four, 4-pair, Category 6 voice and data
communication cables.

2.07  SPECIAL CONFIGURATION & TWIST-LOCKING RECEPTACLES

A General: NEMA and Non-NEMA configurations as indicated on Drawings.
1. Comply with NEMA WD 1, NEMA WD 6; and UL 498.
2. Manufacturers: Subject to compliance with requirements, provide products by one
of the following:
a. Hubbell
b. Leviton
C. Pass & Seymour
2.08  FINISHES
A. Color:
1. Wiring Devices Connected to Normal Power System: As selected by Architect,
unless otherwise indicated or required by NFPA 70.2.
2. Wiring Devices Connected to Emergency Power System: Red.
PART 3.00 EXECUTION

3.01  INSTALLATION

A

B.

Install devices and assemblies level, plumb, and square with building lines.

Arrangement of Devices: Unless otherwise indicated, mount flush, with long dimension
vertical, and with grounding terminal of receptacles on top. Group adjacent switches under
single, multigang wall plates.
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C. Remove wall plates and protect devices and assemblies during painting.

D. Adjust locations of floor service outlets and service poles to suit arrangement of partitions
and furnishings.

E. Install weather resistant receptacles in damp and wet locations per N.E.C. requirements.

F. Mounting Heights: Comply with applicable codes and requirements of Authorities Having
Jurisdiction. Mount devices as indicated on Drawings, including but not limited to
Architectural elevations. Coordinate all above counter receptacles with backsplash to
avoid interferences. All dimensions are given to centerline of box above finished floor
(AFF), unless otherwise indicated.

G. Device Plates and Covers:
1. Do not use oversized or extra-deep plates.
2. Repair wall finishes and remount outlet boxes when standard device plates do not
fit flush or do not cover rough wall opening.
3. Install weather-proof-while-in-use covers over receptacles in wet, damp and
exterior locations.
4. Group adjacent devices under single, multigang wall plates.
H. Floor Service Outlets, Service Poles and Poke-Thru Device
1. Adjust locations of floor service outlets, service poles, and Poke-Thru devices to

suit arrangement of partitions and furnishings. Coordinate revised location with
Structural Engineer.

3.02 APPLICATION

A GFCI Receptacles: Install in locations as indicated but in no case less than those listed
below:
1. Where device is located on the exterior of the building, provide with Wet-Location
Weatherproof Cover Plate.
2. Where device is located within kitchen.
3. Where device is located within a garage.
4, Where device is located within 6 feet (2-m) of a lavatory or sink
B. Tamper-Resistant Receptacles: Install in locations as indicated but in no case less than
those listed below:
1. Dorms

3.03 CONNECTIONS

A. Ground equipment according to Division 26 Section "Grounding and Bonding."
B. Connect wiring according to Division 26 Section "Conductors and Cables."
C. Tighten electrical connectors and terminals according to manufacturer's published torque-
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tightening values.

3.04 FIELD QUALITY CONTROL

A. Perform the following field tests and inspections and prepare test reports:
1. After installing wiring devices and after electrical circuitry has been energized, test
for proper polarity, ground continuity, and compliance with requirements.
2. Test GFCI operation with both local and remote fault simulations according to

manufacturer's written instructions.

B. Remove malfunctioning units, replace with new units, and retest as specified above.

3.05 CLEANING

A On completion of wall plate installation, inspect exterior surfaces and perform the
following:
1. Remove paint splatters and other spots.
2. Remove all temporary markings and labels.
3. Replace cracked or damaged wall plates.
4. Wipe down all wall plates with approve cleaning agent to remove fingerprints and
dust.
END OF SECTION

16140-6



DIVISION 16 - ELECTRICAL
SECTION 16210 - UTILITY COORDINATION SERVICE ENTRANCE

PART 1.00 GENERAL
1.01  WORK INCLUDED
A. General: Electrical service shall be provided by local utility company. Provide
infrastructure, conduit, ductbanks and pathways from public street right-of-way to building

for telecommunications and cable service.

B. Power Company Data: Obtain from utility company information and installation standards
for electrical, telecommunication, and cable service installation.

C. Responsibilities: Determine what equipment and labor is provided by utility company and
what equipment and labor is required of this Contractor.

PART 2.00 PRODUCTS
2.01  PRIMARY SERVICE

A. General: Division 26 shall provide primary service conduit, manholes, and pull boxes as
required and as specified for electrical service. Division 26 shall provide grounding rods,
grounding conductors, sleeves, conduits, pull boxes and manholes as required by
telecommunications and cable service providers.

B. Electric utility company shall provide transformer, primary cables, splices, terminations,
and primary underground and overhead service conductors. Telecommunications and
cable service utility companies shall provide cabling and connections to the Owner’s
demarcation point of service.

2.02 SECONDARY SERVICE CABLE TAP BOXES

A. When required by local utility company contractor shall provide a NEMA-3R demarcation
junction box per company standards.

2.03 SECONDARY SERVICE CONDUCTORS
A. General: Division 26 shall provide secondary service entrance conduit.
B. Where required by local utility standards provide in-grade pull boxes.
2.04  DISCONNECTING MEANS

A. When required by the local utility company for a 480V service, contractor shall provide a
non-fused disconnect on the line side of the meter (cold-sequence).

PART 3.00 EXECUTION
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3.01

INSTALLATION

A

The installation of the service entrance provisions shall comply with the published
standards and requirements of the utility company, the utility company’s specific
construction requirements for this project, and with requirements of this Division.

Any failure to meet the standards and requirements shall be corrected to the satisfaction of
the utility company and Owner without any additional cost to the Owner.

Contractor shall provide all construction materials and labor that the utility company
determines to be the responsibility of the customer, at no additional cost to the Owner.

The materials and labor required by the for a complete installation shall be provided by the
contractor and includes, but is not limited to permanent or removable / lockable vehicular
barriers, grounding rods, grounding conductors, sleeves, concrete pads, conduits,
metering racks and metering enclosures.

Primary distribution poles and service entrance ductbank locations shall be staked and
surveyed prior to pole installation by the Contractor to verify their proper placement is
within the Owner’s property and respective utility easements. Contractor shall verify by
survey that the pole and service entrance ductbank location and easements do not
interfere with existing easements, right-of-ways, or other restricted properties. Conflicts
with existing easements and restrictions shall be brought to the attention of the Architect
prior to construction.

Contractor shall initiate contact with the utility providers and Owner within 14 days of
Notice to Proceed to ensure permanent power will be available to the site. Any delays
resulting from lack of this coordination shall be the responsibility of the Contractor.

END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16230 - NATURAL GAS GENERATOR

PART 1.00 GENERAL

1.01

1.02

1.03

1.04

1.05

RELATED DOCUMENTS

A Drawings and general provisions of the Contract, including General Conditions and
Division 01 Specification Sections, apply to this Section.

SUMMARY
DEFINITIONS

A Emergency Standby Power (ESP): Per ISO 8528: The maximum power available
during a variable electrical power sequence, under the stated operating conditions, for
which a generating set is capable of delivering in the event of a utility power outage or
under test conditions for up to 200 hours of operation per year with the maintenance
intervals and procedures being carried out as prescribed by the manufacturers. The
permissible average power output (Ppp) over 24 hours of operation shall not exceed
70 percent of the ESP unless otherwise agreed by the RIC engine manufacturer.

B. Operational Bandwidth: The total variation from the lowest to highest value of a
parameter over the range of conditions indicated, expressed as a percentage of the
nominal value of the parameter.

ACTION SUBMITTALS

A. Product Data: For each type of packaged engine generator indicated. Include rated
capacities, operating characteristics, and furnished specialties and accessories. In
addition, include the following:

1. Thermal damage curve for generator.
2. Time-current characteristic curves for generator protective device.
3. Sound test data, based on a free field requirement.
B. Shop Drawings: Detail equipment assemblies and indicate dimensions, weights, and
location and size of each field connection.
1. Dimensioned outline plan and elevation drawings of engine-generator set and
other components specified.
2. Wiring Diagrams: Control interconnection, Customer connections.

C. Certifications:
1. Submit statement of compliance which states the proposed product(s) is
certified to the emissions standards required by the location for EPA,
stationary emergency application.

INFORMATIONAL SUBMITTALS
A Source quality-control test reports.
1. Certified summary of prototype-unit test report. See requirements in Part 2

"Source Quality Control" Article Part A. Include statement indicating torsional
compatibility of components.
2. Certified Test Report: Provide certified test report documenting factory test
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B. Warranty:
1. Submit manufacturer’s warranty statement to be provided for this Project.
1.06  QUALITY ASSURANCE
A Installer Qualifications: Manufacturer's authorized representative who is trained and
approved for installation of units required for this Project.
B. Manufacturer Qualifications: A qualified manufacturer. Maintain, within 100 miles of
Project site, a service center capable of providing training, parts, and emergency
maintenance repairs.
C. Source Limitations: Obtain packaged generator sets and auxiliary components
through one source from a single manufacturer.
D. Comply with NFPA 37 (Standard For the Installation and Use of Stationary Combustion
Engines and Gas Turbines).
E. Comply with NFPA 70 (National Electrical Code. Equipment shall be suitable for use
in systems in compliance to Article 700, 701, and 702
F. Comply with NFPA 110 (Emergency and Standby Power Systems) requirements for
Level 1 emergency power supply system.
G. Comply with UL 2200.
1.07  PROJECT CONDITIONS
A Environmental Conditions: Engine-generator system shall withstand the following
environmental conditions without mechanical or electrical damage or degradation of
performance capability:
1. Ambient Temperature: 4.44 deg C (40.0 deg F) to 51.11 deg C (124.0 deg F).
2. Relative Humidity: 0 to 95 percent.
3. Altitude: Sea level to 60.0 feet (18.29 m).
1.08  WARRANTY
A. Base Warranty: Manufacturer shall provide base warranty coverage on the material
and workmanship of the generator set for a minimum of twenty-four (24) months for
Standby product and twelve (12) months for Prime/Continuous product from registered
commissioning and start-up.
B. Extended Warranty: Manufacturer shall offer extend coverage of 5 years from date of
registered commissioning and start-up.
PART 2.00 PRODUCTS
2.01  MANUFACTURERS

per the requirements of this specification, as well as certified factory test of

generator set sensors per NFPA110 level 1.

List of factory tests to be performed on units to be shipped for this Project.

4, Report of exhaust emissions and compliance statement certifying compliance
with applicable regulations.

w
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A

Manufacturers: The basis for this specification is Cummins Power Generation
equipment, approved equals may be considered if equipment performance is shown
to meet the requirements herein.

2.02 ENGINE-GENERATOR SET

A

B.

Factory-assembled and -tested, engine-generator set.

Mounting Frame: Maintain alignment of mounted components without depending on
concrete foundation; and have lifting attachments.

1.

Rigging Information: Indicate location of each lifting attachment, generator-set
center of gravity, and total package weight in submittal drawings.

Capacities and Characteristics:

1.

Power Output Ratings: Electrical output power rating for Standby operation of
not less than 150.0, at 80 percent lagging power factor, 208/120, Series Wye,
Three phase, 4 -wire, 60 hertz. Output breaker rating shall be: 250A/3P
Nameplates: For each major system component to identify manufacturer's
name and address, and model and serial number of component. The engine-
generator nameplate shall include information of the power output rating of the
equipment.

Generator-Set Performance:

1.

2.

Steady-State Voltage Operational Bandwidth: 1.0 percent of rated output
voltage from no load to full load.

Transient Voltage Performance: Not more than 10 percent variation for 50
percent step-load increase or decrease. Voltage shall recover and remain
within the steady-state operating band within 0.5 seconds.

Steady-State Frequency Operational Bandwidth: 0.25 percent of rated
frequency from no load to full load.

Steady-State Frequency Stability: When system is operating at any constant
load within the rated load, there shall be no random speed variations outside
the steady-state operational band and no hunting or surging of speed.
Transient Frequency Performance: Not more than 10 percent variation for 50
percent step-load increase or decrease. Frequency shall recover and remain
within the steady-state operating band within 3 seconds.

Output Waveform: At full load, harmonic content measured line to line or line
to neutral shall not exceed 2 percent total with no slot ripple. Telephone
influence factor, determined according to NEMA MG 1, shall not exceed 50.
Sustained Short-Circuit Current: For a 3-phase, bolted short circuit at system
output terminals, system shall supply a minimum of 300 percent of rated full-
load current for not less than 10 seconds without damage to generator system
components. For a 1-phase, bolted short circuit at system output terminals,
system shall regulate both voltage and current to prevent over-voltage
conditions on the non-faulted phases.

Start Time: Comply with NFPA 110, Level 1, Type 10, system requirements.
Ambient Condition Performance: Engine generator shall be designed to allow
operation at full rated load in an ambient temperature under site conditions,
based on highest ambient condition. Ambient temperature shall be as
measured at the air inlet to the engine generator for enclosed units, and at the
control of the engine generator for machines installed in equipment rooms.
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2.03

ENGINE

A

B.

Fuel: Natural Gas
Rated Engine Speed: 1800RPM.

Lubrication System: The following items are mounted on engine or skid:

1. Lube oil pump: shall be positive displacement, mechanical, full pressure pump.

2. Filter and Strainer: Provided by the engine manufacturer of record to provide
adequate filtration for the prime mover to be used.

3. Crankcase Drain: Arranged for complete gravity drainage to an easily

removable container with no disassembly and without use of pumps, siphons,
special tools, or appliances.

Engine Fuel System: The engine fuel system shall be installed in strict compliance to
the engine manufacturer’s instructions
1. Dual Fuel System (Natural Gas (with LPG Liquid or Vapor withdrawal)

a. Carburetor.
b. Fuel-Shutoff Solenoid Valves: One for each fuel source.
C. Flexible Fuel Connectors: One for each fuel source.

Coolant Jacket Heater: Electric-immersion type, factory installed in coolant jacket

system. Comply with NFPA 110 requirements for Level 1 equipment for heater

capacity and performance.

1. Designed for operation on a single 120 VAC, Single phase, 60Hz power
connection. Heater voltage shall be shown on the project drawings.

2. Installed with isolation valves to isolate the heater for replacement of the
element without draining the engine cooling system or significant coolant loss.
3. Provided with a 24VDC thermostat, installed at the engine thermostat housing

Governor:  Adjustable isochronous, with speed sensing. The governing system
dynamic capabilities shall be controlled as a function of engine coolant temperature to
provide fast, stable operation at varying engine operating temperature conditions. The
control system shall actively control the fuel rate as appropriate to the state of the
engine generator. Fuel rate shall be regulated as a function of starting, accelerating
to start disconnect speed, accelerating to rated speed, and operating in various
isochronous states.

Cooling System: Closed loop, liquid cooled

1. The generator set manufacturer shall provide prototype test data for the
specific hardware proposed demonstrating that the machine will operate at
rated standby load in an outdoor ambient condition of 40 deg C.

2. Coolant: Solution of 50 percent ethylene-glycol-based antifreeze and 50
percent water, with anticorrosion additives as recommended by engine
manufacturer.

3. Size of Radiator overflow tank: Adequate to contain expansion of total system
coolant from cold start to 110 percent load condition.

4, Expansion Tank: Constructed of welded steel plate and rated to withstand

maximum closed-loop coolant system pressure for engine used. Equip with
gage glass and petcock.

5. Temperature Control: Self-contained, thermostatic-control valve modulates
coolant flow automatically to maintain optimum constant coolant temperature
as recommended by engine manufacturer.
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6.

Duct Flange: Generator sets installed indoors shall be provided with a flexible
radiator duct adapter flange.

Muffler/Silencer: Selected with performance as required to meet sound requirements
of the application, sized as recommended by engine manufacturer and selected with
exhaust piping system to not exceed engine manufacturer's engine backpressure
requirements. For generator sets with outdoor enclosures the silencer shall be inside
the enclosure.

Air-Intake Filter: Engine-mounted air cleaner with replaceable dry-filter element and
restriction indicator.

Starting System: 12 or 24V, as recommended by the engine manufacturer; electric,
with negative ground.

1.

Components: Sized so they will not be damaged during a full engine-cranking
cycle with ambient temperature at maximum specified in Part 1 "Project
Conditions" Article.

Cranking Cycle: As required by NFPA 110 for level 1 systems.

Battery Cable: Size as recommended by engine manufacturer for cable length

as required. Include required interconnecting conductors and connection

accessories.

Battery Compartment: Factory fabricated of metal with acid-resistant finish.

Battery-Charging Alternator: Factory mounted on engine with solid-state

voltage regulation. The battery charging alternator shall have sufficient

capacity to recharge the batteries with all parasitic loads connected within 4

hours after a normal engine starting sequence.

Battery Chargers: Unit shall comply with UL 1236, provide fully regulated,

constant voltage, current limited, battery charger for each battery bank. It will

include the following features:

a. Operation: Equalizing-charging rate based on generator set
manufacturer's recommendations shall be initiated automatically after
battery has lost charge until an adjustable equalizing voltage is
achieved at battery terminals. Unit shall then be automatically
switched to a lower float-charging mode and shall continue to operate
in that mode until battery is discharged again.

b. Automatic Temperature Compensation: Adjust float and equalize
voltages for variations in ambient temperature from minus 20 deg C to
plus 40 deg C to prevent overcharging at high temperatures and
undercharging at low temperatures.

C. Automatic Voltage Regulation: Maintain constant output voltage
regardless of input voltage variations up to plus or minus 10 percent.
d. Safety Functions: Sense abnormally low battery voltage and close

contacts providing low battery voltage indication on control and
monitoring panel. Sense high battery voltage and loss of ac input or
dc output of battery charger. Either condition shall close contacts that
provide a battery-charger malfunction indication at system control and
monitoring panel.

e. Provide LED indication of general charger condition, including
charging, faults, and modes. Provide a LCD display to indicate
charge rate and battery voltage. Charger shall provide relay contacts
for fault conditions as required by NFPA110.

f. Enclosure and Mounting: NEMA, Type 1, wall-mounted cabinet.
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2.04

CONTROL AND MONITORING

Engine generator control shall be microprocessor based and provide automatic
starting, monitoring, protection and control functions for the unit.

Automatic Starting System Sequence of Operation: When mode-selector switch on
the control and monitoring panel is in the automatic position, remote-control contacts
in one or more separate automatic transfer switches initiate starting and stopping of
generator set. When mode-selector switch is switched to the on position, generator set
starts. The off position of same switch initiates generator-set shutdown. (Switches with
different configurations but equal functions are acceptable.) When generator set is
running, specified system or equipment failures or derangements automatically shut
down generator set and initiate alarms. Operation of the local (generator set-mounted)
and/or remote emergency-stop switch also shuts down generator set.

Manual Starting System Sequence of Operation: Switching on-off switch on the
generator control panel to the on position starts generator set. The off position of same
switch initiates generator-set shutdown. When generator set is running, specified
system or equipment failures or derangements automatically shut down generator set
and initiate alarms. Operation of the local (generator set-mounted) and/or remote
emergency-stop switch also shuts down generator set.

Configuration: Operating and safety indications, protective devices, system controls,
engine gages and associated equipment shall be grouped in a common control and
monitoring panel. Mounting method shall isolate the control panel from generator-set
vibration. AC output power circuit breakers and other output power equipment shall
not be mounted in the control enclosure.

Indicating and Protective Devices and Controls: As required by NFPA 110 for Level 1
system, and the following:

1. AC voltmeter (3-phase, line to line and line to neutral values).

2. AC ammeter (3-phases).

3. AC frequency meter.

4 AC kVA output (total and for each phase). Display shall indicate power flow

direction.

5. Ammeter-voltmeter displays shall simultaneously display conditions for all
three phases.

6. Emergency Stop Switch: Switch shall be a red “mushroom head” pushbutton

device complete with lock-out/tag-out provisions. Depressing switch shall
cause the generator set to immediately stop the generator set and prevent it
from operating.

7. Fault Reset Switch: Supply a dedicated control switch to reset/clear fault
conditions.

8. DC voltmeter (alternator battery charging).

9. Engine-coolant temperature gage.

10. Engine lubricating-oil pressure gage.

1. Running-time meter.

12. Generator-voltage and frequency digital raise/lower switches. Rheostats for
these functions are not acceptable. The control shall adjustment of these
parameters in a range of plus or minus 5% of the voltage and frequency
operating set point (not nominal voltage and frequency values.)

13. AC Protective Equipment: The control system shall include over/under
voltage, over current, short circuit, loss of voltage reference, and over
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excitation shut down protection. There shall be an overload warning, and
overcurrent warning alarm.

14, Status LED indicating lamps to indicate remote start signal present at the
control, existing alarm condition, not in auto, and generator set running.

15. A graphical display panel with appropriate navigation devices shall be
provided to view all information noted above, as well as all engine status and
alarm/shutdown conditions (including those from an integrated engine
emission control system). The display shall also include integrated provisions
for adjustment of the gain and stability settings for the governing and voltage
regulation systems.

16. Panel lighting system to allow viewing and operation of the control when the
generator room or enclosure is not lighted.

17. DC control Power Monitoring: The control system shall continuously monitor
DC power supply to the control, and annunciate low or high voltage conditions.
It shall also provide an alarm indicating imminent failure of the battery bank
based on degraded voltage recover on loading (engine cranking).

Remote Alarm Annunciator; Comply with NFPA 110. An LED labeled with proper
alarm conditions shall identify each alarm event and a common audible signal shall
sound for each alarm condition.

Remote Emergency-Stop Switch: Flush; wall mounted, unless otherwise indicated;
and labeled. Push button shall be protected from accidental operation.

2.05 GENERATOR OVERCURRENT AND FAULT PROTECTION

A

Generator Overcurrent Protection: The generator set shall be provided with a UL
Listed/CSA Certified protective device that is coordinated with the alternator provided
to prevent damage to the generator set on any possible overload or overcurrent
condition external to the machine. The protective device shall be listed as a utility
grade protective device under UL category NRGU. The control system shall be subject
to UL follow-up service at the manufacturing location to verify that the protective
system is fully operational as manufactured. Protector shall perform the following
functions:

1. Initiates a generator kW overload alarm when generator has operated at an
overload equivalent to 110 percent of full-rated load for 60 seconds. Indication
for this alarm is integrated with other generator-set malfunction alarms.

2. Under single phase or multiple phase fault conditions, or on overload
conditions, indicates an alarm conditions when the current flow is in excess of
110% of rated current for more than 10 seconds.

3. Under single phase or multiple phase fault conditions, operates to switch off
alternator excitation at the appropriate time to prevent damage to the
alternator.

4, The operator panel shall indicate the nature of the fault condition as either a
short circuit or an overload.

5. Senses clearing of a fault by other overcurrent devices and controls recovery
of rated voltage to avoid overshoot greater than 120% of nominal voltage.

6. The protective system provided shall not include an instantaneous trip
function.

2.06 GENERATOR, EXCITER, AND VOLTAGE REGULATOR

A

Comply with NEMA MG 1.
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Drive: Generator shaft shall be directly connected to engine shaft. Exciter shall be
rotated integrally with generator rotor.

Electrical Insulation: Class H
Temperature Rise: 105/ Class F environment.

Construction shall prevent mechanical, electrical, and thermal damage due to
vibration, over speed up to 125 percent of rating, and heat during operation at 110
percent of rated capacity.

Permanent Magnet Generator (PMG) shall provide excitation power for optimum motor
starting and short circuit performance.
Enclosure: Drip-proof.

Voltage Regulator: Solid-state type, separate from exciter, providing performance as
specified. The voltage regulation system shall be microprocessor-controlled, 3-phase
true RMS sensing, full wave rectified, and provide a pulse-width modulated signal to
the exciter. No exceptions or deviations to these requirements will be permitted.

Windings: Two-thirds pitch stator winding and fully linked amortisseur winding.

Subtransient Reactance: 12 percent maximum, based on the rating of the engine
generator set.

2.07 OUTDOOR GENERATOR-SET ENCLOSURE

A

Description: Sound Attenuated Aluminum housing. Multiple panels shall be lockable
and provide adequate access to components requiring maintenance. Instruments,
control, and battery system shall be mounted within enclosure.

Construction:

1. Louvers: Equipped with bird screen to permit air circulation when engine is
not running while excluding birds and rodents.

2. Hinged Doors: With padlocking provisions. Restraint/Hold back hardware to
prevent door to keep door open at 180 degrees during maintenance. Rain lips
over all doors.

3. Exhaust System:

a. Muffler Location: Within enclosure.

4, Hardware: All hardware and hinges shall be stainless steel.

5. Wind Rating: Wind rating shall be 150 mph

6. Mounting Base: Suitable for mounting on sub-base fuel tank or housekeeping
pad.

7. A weather protective enclosure shall be provided which allows the generator

set to operate at full rated load with a static pressure drop equal to or less than
0.5 inches of water.
8. Inlet ducts shall include rain hoods

Engine Cooling Airflow through Enclosure: Housing shall provide ample airflow for
engine generator operation at rated load in an ambient temperature of 40 deg C.

Sound Performance: Reduce the sound level of the engine generator while operating
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at full rated load to a maximum of 76 dBA measured at any location 23 ft from the
engine generator in a free field environment.

Site Provisions:
1. Lifting: Complete assembly of engine generator, enclosure shall be designed
to be lifted into place as a single unit, using spreader bars.

2.08 VIBRATION ISOLATION DEVICES

A. Vibration Isolation: Generators installed on grade shall be provided with elastomeric
isolator pads integral to the generator, unless the engine manufacturer requires use of
spring isolation.

1. IBC Compliance: Isolators complying with IBC requirements shall be specified
in the equipment documentation, as well as the installation requirements for
the unit.

2.09  FINISHES
A Indoor and Outdoor Enclosures and Components: Powder-coated and baked over

corrosion-resistant pretreatment and compatible primer. Manufacturer’s standard color
or as directed on the drawings.

210 SOURCE QUALITY CONTROL

A

PART 3.00

Prototype Testing: Factory test engine-generator set using same engine model,
constructed of identical or equivalent components and equipped with identical or
equivalent accessories.

1. Tests: Comply with NFPA 110, Level 1 Energy Converters. In addition, the
equipment engine, skid, cooling system, and alternator shall have been
subjected to actual prototype tests to validate the capability of the design
under the abnormal conditions noted in NFPA110. Calculations and testing on
similar equipment which are allowed under NFPA110 are not sufficient to meet
this requirement.

Project-Specific Equipment Tests: Before shipment, factory test engine-generator set
manufactured specifically for this Project. Perform tests at rated load and power factor.
Include the following tests:

1. Test engine generator set manufactured for this Project to demonstrate
compatibility and functionality.

Full load run.

Maximum power.

Voltage regulation.

Steady-state governing.

Single-step load pickup.

Simulated safety shutdowns.

Provide 14 days' advance notice of tests and opportunity for observation of
tests by Owner's representative.

XN W

EXECUTION

3.01  INSTALLATION

A

Comply with packaged engine-generator manufacturers' written installation,
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3.02

application, and alignment instructions and with NFPA 110.

Equipment shall be installed by the contractor in accordance with final submittals and
contract documents. Installation shall comply with applicable state and local codes as
required by the authority having jurisdiction. Install equipment in accordance with
manufacturer's instructions and instructions included in the listing or labeling of UL
listed products.

Installation of equipment shall include furnishing and installing all interconnecting
wiring between all major equipment provided for the on-site power system. The
contractor shall also perform interconnecting wiring between equipment sections
(when required), under the supervision of the equipment supplier.

Contractor shall coordinate remote pushbutton location (when required) with engineer
prior to installation. Provide allowance for 75’ of conduit and required cabling unless
otherwise located on plans.

Contractor shall provide all interconnections and conduit between generator and
remote annunciator including conduit and cabling.

Equipment shall be installed on concrete housekeeping pads. Equipment shall be
permanently fastened to the pad in accordance with manufacturer’s instructions and
seismic requirements of the site.

Equipment shall be initially started and operated by representatives of the
manufacturer. All protective settings shall be adjusted as instructed by the consulting
engineer.

All equipment shall be physically inspected for damage. Scratches and other
installation damage shall be repaired prior to final system testing. Equipment shall be
thoroughly cleaned to remove all dirt and construction debris prior to initial operation
and final testing of the system.

On completion of the installation by the electrical contractor, the generator set supplier
shall conduct a site evaluation to verify that the equipment is installed per
manufacturer’'s recommended practice.

ON-SITE ACCEPTANCE TEST

A

The complete installation shall be tested to verify compliance with the performance
requirements of this specification following completion of all site work. Testing shall
be conducted by representatives of the manufacturer, with required fuel supplied by
Contractor. The Engineer shall be notified in advance and shall have the option to
witness the tests. The generator set manufacturer shall provide a site test specification
covering the entire system. Tests shall include:

Prior to start of active testing, all field connections for wiring, power conductors, and
bus bar connections shall be checked for proper tightening torque.

Installation acceptance tests to be conducted on site shall include a "cold start" test, a
two hour full load (resistive) test, and a one-step rated load pickup test in accordance
with NFPA 110. Provide a resistive load bank and make temporary connections for
full load test, if necessary.
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3.03

3.04

3.05

Perform a power failure test on the entire installed system. This test shall be
conducted by opening the power supply from the utility service, and observing proper
operation of the system for at least 2 hours. Coordinate timing and obtain approval for
start of test with site personnel.

TRAINING

A

The equipment supplier shall provide training for the facility operating personnel
covering operation and maintenance of the equipment provided. The training program
shall be not less than 4 hours in duration and the class size shall be limited to 5
persons. Training date shall be coordinated with the facility owner.

FIELD QUALITY CONTROL

A

Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect components, assemblies, and equipment installations, including connections,
and to assist in testing.

SERVICE AND SUPPORT

A

The generator set supplier shall maintain service parts inventory for the entire power
system at a central location which is accessible to the service location 24 hours per
day, 365 days per year. The inventory shall have a commercial value of $3 million or
more. The manufacturer of the generator set shall maintain a central parts inventory
to support the supplier, covering all the major components of the power system,
including engines, alternators, control systems, paralleling electronics, and power
transfer equipment.

The generator set shall be serviced by a local service organization that is trained and
factory certified in generator set service. The supplier shall maintain an inventory of
critical power system replacement parts in the local service location. Service vehicles
shall be stocked with critical replacement parts. The service organization shall be on
call 24 hours per day, 365 days per year. The service organization shall be physically
located within 100 miles of the site.

The manufacturer shall maintain model and serial number records of each generator
set provided for at least 20 years.

END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16401 - OVERCURRENT PROTECTIVE DEVICE SHORT-CIRCUIT STUDY

PART 1.00 GENERAL
1.01  RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.02  SUMMARY

A. Section includes a computer-based, fault-current study to determine the minimum
interrupting capacity of circuit protective devices.

1.03  DEFINITIONS

A. Existing to Remain: Existing items of construction that are not to be removed and that are
not otherwise indicated to be removed, removed and salvaged, or removed and
reinstalled.

B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols,

the course of an electric circuit or system of circuits and the component devices or parts
used therein.

C. Protective Device: A device that senses when an abnormal current flow exists and then
removes the affected portion from the system.

D. SCCR: Short-circuit current rating.

E. Service: The conductors and equipment for delivering electric energy from the serving
utility to the wiring system of the premises served.

1.04  ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.
B. Other Action Submittals: Submit the following after the approval of system protective
devices submittals. Submittals shall be in digital form.
1. Short-circuit study input data, including completed computer program input data
sheets.
2. Short-circuit study and equipment evaluation report; signed, dated, and sealed by
a qualified professional engineer.
a. Submit study report for action prior to receiving final approval of the

distribution equipment submittals. If formal completion of studies will
cause delay in equipment manufacturing, obtain approval from Architect
for preliminary submittal of sufficient study data to ensure that the
selection of devices and associated characteristics is satisfactory.
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b. Revised single-line diagram, reflecting field investigation results and
results of short-circuit study.

1.05 INFORMATIONAL SUBMITTALS

A. Qualification Data: For Short-Circuit Study Specialist and Field Adjusting Agency.

B. Product Certificates: For short-circuit study software, certifying compliance with IEEE 399.
1.06  QUALITY ASSURANCE

A. Studies shall use computer programs that are distributed nationally and are in wide use.
Software algorithms shall comply with requirements of standards and guides specified in
this Section. Manual calculations are unacceptable.

B. Short-Circuit Study Software Developer Qualifications: An entity that owns and markets
computer software used for studies, having performed successful studies of similar
magnitude on electrical distribution systems using similar devices.

1. The computer program shall be developed under the charge of a licensed
professional engineer who holds IEEE Computer Society's Certified Software
Development Professional certification.

C. Short-Circuit Study Specialist Qualifications: Professional engineer in charge of performing
the study and documenting recommendations, licensed in the state where Project is
located. All elements of the study shall be performed under the direct supervision and
control of this professional engineer.

D. Field Adjusting Agency Qualifications: An independent agency, with the experience and
capability to adjust overcurrent devices and to conduct the testing indicated, that is a
member company of the International Electrical Testing Association or is a nationally
recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is
acceptable to authorities having jurisdiction.

PART 2.00 PRODUCTS
2.01  COMPUTER SOFTWARE
A. Manufacturers: Subject to compliance with requirements, provide products by the
following:
1. SKM Systems Analysis, Inc.
2. ETAP
B. Comply with IEEE 399 and IEEE 551.
C. Analytical features of fault-current-study computer software program shall have the

capability to calculate "mandatory," "very desirable," and "desirable" features as listed in
|EEE 399.
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2.02

D.

Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output.

SHORT-CIRCUIT STUDY REPORT CONTENTS

A

B.

Executive summary.

Study descriptions, purpose, basis, and scope. Include case descriptions, definition of
terms, and guide for interpretation of the computer printout.

One-line diagram, showing the following:

1.

ok wn

Protective device designations and ampere ratings.

Cable size and lengths.

Transformer kilovolt ampere (kVA) and voltage ratings.

Motor and generator designations and kVA ratings.

Switchgear, switchboard, motor-control center, and panelboard designations.

Comments and recommendations for system improvements, where needed.

Protective Device Evaluation:

1.
2.

3.

Evaluate equipment and protective devices and compare to short-circuit ratings.
Tabulations of circuit breaker, fuse, and other protective device ratings versus
calculated short-circuit duties.

For 600-V overcurrent protective devices, ensure that interrupting ratings are
equal to or higher than calculated 1/2-cycle symmetrical fault current.

For devices and equipment rated for asymmetrical fault current, apply
multiplication factors listed in the standards to 1/2-cycle symmetrical fault current.
Verify adequacy of phase conductors at maximum three-phase bolted fault
currents; verify adequacy of equipment grounding conductors and grounding
electrode conductors at maximum ground-fault currents. Ensure that short-circuit
withstand ratings are equal to or higher than calculated 1/2-cycle symmetrical fault
current.

Short-Circuit Study Input Data: As described in "Power System Data" Article in the
Evaluations.

Short-Circuit Study Output:

1.

Low-Voltage Fault Report: Three-phase and unbalanced fault calculations,
showing the following for each overcurrent device location:

a. Voltage.

b. Calculated fault-current magnitude and angle.
C. Fault-point X/R ratio.

d. Equivalent impedance.

Momentary Duty Report: Three-phase and unbalanced fault calculations, showing
the following for each overcurrent device location:

a. Voltage.

b. Calculated symmetrical fault-current magnitude and angle.

C. Fault-point X/R ratio.

16401-3



PART 2.00

3.01  EXAMINATION

A

d. Calculated asymmetrical fault currents:
1) Based on fault-point X/R ratio.

2) Based on calculated symmetrical value multiplied by 1.6.
3) Based on calculated symmetrical value multiplied by 2.7.
3. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing
the following for each overcurrent device location:
a. Voltage.
b. Calculated symmetrical fault-current magnitude and angle.
C. Fault-point X/R ratio.
d. No AC Decrement (NACD) ratio.
€. Equivalent impedance.
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a
symmetrical basis.
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a
total basis.
EXECUTION

Obtain all data necessary for the conduct of the study.

1.

2.

Verify completeness of data supplied on the one-line diagram. Call any
discrepancies to the attention of Engineer.

For equipment provided that is Work of this Project, use characteristics submitted
under the provisions of action submittals and information submittals for this
Project.

For relocated equipment and that which is existing to remain, obtain required
electrical distribution system data by field investigation and surveys, conducted by
qualified technicians and engineers. The qualifications of technicians and
engineers shall be qualified as defined by NFPA 70E.

Obtain all arc flash information from the local utility in a timely manner. No
extension of the contract time shall be permitted due to coordination with the local
utility.

Gather and tabulate the following input data to support the short-circuit study. Comply with
recommendations in [EEE 551 as to the amount of detail that is required to be acquired in
the field. Field data gathering shall be under the direct supervision and control of the
engineer in charge of performing the study, and shall be by the engineer or its
representative who holds NETA ETT Level lll certification or NICET Electrical Power
Testing Level llI certification.

1.

w

Product Data for Project's overcurrent protective devices involved in overcurrent
protective device coordination studies. Use equipment designation tags that are
consistent with electrical distribution system diagrams, overcurrent protective
device submittals, input and output data, and recommended device settings.
Obtain electrical power utility impedance at the service.

Power sources and ties.

For transformers, include kVA, primary and secondary voltages, connection type,
impedance, X/R ratio, taps measured in percent, and phase shift.
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3.02

5. For reactors, provide manufacturer and model designation, voltage rating, and

impedance.

6. For circuit breakers and fuses, provide manufacturer and model designation. List
type of breaker, type of trip, SCCR, current rating, and breaker settings.

7. Generator short-circuit current contribution data, including short-circuit reactance,
rated kVA, rated voltage, and X/R ratio.

8. Busway manufacturer and model designation, current rating, impedance, lengths,

and conductor material.

9. Motor horsepower and NEMA MG 1 code letter designation.

10. Cable sizes, lengths, number, conductor material and conduit material (magnetic
or nonmagnetic).

SHORT-CIRCUIT STUDY

A. Perform study following the general study procedures contained in |[EEE 399.

B. Calculate short-circuit currents according to IEEE 551.

C. Base study on the device characteristics supplied by device manufacturer.

D. The extent of the electrical power system to be studied is indicated on Drawings.

E. Begin short-circuit current analysis at the service, extending down to the system
overcurrent protective devices as follows:

1. To normal system low-voltage load buses where fault current is 10 kA or less.
2. Exclude equipment rated 240-V ac or less when supplied by a single transformer
rated less than 125 kVA.

F. Study electrical distribution system from normal and alternate power sources throughout
electrical distribution system for Project. Study all cases of system-switching configurations
and alternate operations that could result in maximum fault conditions.

G. The calculations shall include the ac fault-current decay from induction motors,
synchronous motors, and asynchronous generators and shall apply to low- and medium-
voltage, three-phase ac systems. The calculations shall also account for the fault-current
dc decrement, to address the asymmetrical requirements of the interrupting equipment.

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas
as defined for the three-phase bolted fault short-circuit study.

H. Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault at

each of the following:

1. Electric utility's supply termination point.

Incoming switchgear.

Unit substation primary and secondary terminals.
Low-voltage switchgear.

Motor-control centers.

Control panels.

Standby generators and automatic transfer switches.
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8. Branch circuit panelboards.
9. Disconnect switches.

3.03 ADJUSTING

A. Make minor modifications to equipment as required to accomplish compliance with short-
circuit study.

3.04 DEMONSTRATION
A. Train Owner's operating and maintenance personnel in the use of study results.

END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16402 - OVERCURRENT PROTECTIVE DEVICE COORDINATION STUDY

PART 1.00 GENERAL
1.01  RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.

1.02  SUMMARY

A. Section includes computer-based, overcurrent protective device coordination studies to
determine overcurrent protective devices and to determine overcurrent protective device
settings for selective tripping.

1.03  DEFINITIONS

A. Existing to Remain: Existing items of construction that are not to be removed and that are
not otherwise indicated to be removed, removed and salvaged, or removed and
reinstalled.

B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols,

the course of an electric circuit or system of circuits and the component devices or parts
used therein.

C. Protective Device: A device that senses when an abnormal current flow exists and then
removes the affected portion from the system.

D. SCCR: Short-circuit current rating.

E. Service: The conductors and equipment for delivering electric energy from the serving
utility to the wiring system of the premises served.

1.04  ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.
B. Other Action Submittals: Submit the following after the approval of system protective
devices submittals. Submittals shall be in digital form.
1. Coordination-study input data, including completed computer program input data
sheets.
2. Study and equipment evaluation reports.
3. Overcurrent protective device coordination study report; signed, dated, and sealed
by a qualified professional engineer.
a. Submit study report for action prior to receiving final approval of the

distribution equipment submittals. If formal completion of studies will
cause delay in equipment manufacturing, obtain approval from Architect
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1.5

1.06

1.07

for preliminary submittal of sufficient study data to ensure that the
selection of devices and associated characteristics is satisfactory.

INFORMATIONAL SUBMITTALS
A. Qualification Data: For Coordination Study Specialist and Field Adjusting Agency.

B. Product Certificates: For overcurrent protective device coordination study software,
certifying compliance with IEEE 399.
CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For the overcurrent protective devices to include in
emergency, operation, and maintenance manuals.
1. In addition to items specified in Section 017823 "Operation and Maintenance
Data," include the following:
a. The following parts from the Protective Device Coordination Study Report:
1) One-line diagram.
2) Protective device coordination study.
3) Time-current coordination curves.
b. Power system data.

QUALITY ASSURANCE

A. Studies shall use computer programs that are distributed nationally and are in wide use.
Software algorithms shall comply with requirements of standards and guides specified in
this Section. Manual calculations are unacceptable.

B. Coordination Study Software Developer Qualifications: An entity that owns and markets
computer software used for studies, having performed successful studies of similar
magnitude on electrical distribution systems using similar devices.

1. The computer program shall be developed under the charge of a licensed
professional engineer who holds IEEE Computer Society's Certified Software
Development Professional certification.

C. Coordination Study Specialist Qualifications: Professional engineer in charge of performing
the study and documenting recommendations, licensed in the state where Project is
located. All elements of the study shall be performed under the direct supervision and
control of this professional engineer.

D. Field Adjusting Agency Qualifications: An independent agency, with the experience and
capability to adjust overcurrent devices and to conduct the testing indicated, that is a
member company of the International Electrical Testing Association or is a nationally
recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is
acceptable to authorities having jurisdiction.

PART 2.00 PRODUCTS

2.01

COMPUTER SOFTWARE DEVELOPERS

16402 - 2



2.02

Software Developers:

1. Manufacturers: Subject to compliance with requirements, provide products by the
following:
a. SKM Systems Analysis, Inc.
b. ETAP

Comply with IEEE 242 and IEEE 399.

Analytical features of device coordination study computer software program shall have the
capability to calculate "mandatory," "very desirable," and "desirable" features as listed in
|EEE 399.

Computer software program shall be capable of plotting and diagramming time-current-
characteristic curves as part of its output. Computer software program shall report device
settings and ratings of all overcurrent protective devices and shall demonstrate selective
coordination by computer-generated, time-current coordination plots.

1. Optional Features:

a. Arcing faults.

b Simultaneous faults.

C. Explicit negative sequence.

d Mutual coupling in zero sequence.

PROTECTIVE DEVICE COORDINATION STUDY REPORT CONTENTS

A

B.

Executive summary.

Study descriptions, purpose, basis and scope. Include case descriptions, definition of
terms and guide for interpretation of the computer printout.

One-line diagram, showing the following:

1. Protective device designations and ampere ratings.

Cable size and lengths.

Transformer kilovolt ampere (kVA) and voltage ratings.

Motor and generator designations and kVA ratings.

Switchgear, switchboard, motor-control center, and panelboard designations.

S

Study Input Data: As described in "Power System Data" Article.

Short-Circuit Study Output: As specified in "Short-Circuit Study Output" Paragraph in
"Short-Circuit Study Report Contents" Article in Section 260572 "Overcurrent Protective
Device Short-Circuit Study."

Protective Device Coordination Study:

1. Report recommended settings of protective devices, ready to be applied in the
field. Use manufacturer's data sheets for recording the recommended setting of
overcurrent protective devices when available.

a. Phase and Ground Relays:
1) Device tag.

16402 - 3



PART 3.00

3.01

2) Relay current transformer ratio and tap, time dial, and
instantaneous pickup value
3) Recommendations on improved relaying systems, if applicable.
b. Circuit Breakers:
1) Adjustable pickups and time delays (long time, short time,
ground).
2) Adjustable time-current characteristic.
3) Adjustable instantaneous pickup.
4) Recommendations on improved trip systems, if applicable.
C. Fuses: Show current rating, voltage, and class.

Time-Current Coordination Curves: Determine settings of overcurrent protective devices to

achieve selective coordination. Graphically illustrate that adequate time separation exists
between devices installed in series, including power utility company's upstream devices.
Prepare separate sets of curves for the switching schemes and for emergency periods
where the power source is local generation. Show the following information:

1.

2.

3.

6.

7.

EXAMINATION

Device tag and title, one-line diagram with legend identifying the portion of the

system covered.

Terminate device characteristic curves at a point reflecting maximum symmetrical

or asymmetrical fault current to which the device is exposed.

Identify the device associated with each curve by manufacturer type, function, and,

if applicable, tap, time delay, and instantaneous settings recommended.

Plot the following listed characteristic curves, as applicable:

a. Power utility's overcurrent protective device.

b. Medium-voltage equipment overcurrent relays.

C. Medium- and low-voltage fuses including manufacturer's minimum melt,
total clearing, tolerance, and damage bands.

d. Low-voltage equipment circuit-breaker trip devices, including
manufacturer's tolerance bands.

e. Transformer full-load current, magnetizing inrush current, and ANSI

through-fault protection curves.

Cables and conductors damage curves.

Ground-fault protective devices.

Motor-starting characteristics and motor damage points.

Generator short-circuit decrement curve and generator damage point.

The largest feeder circuit breaker in each motor-control center and

panelboard.

Series rating on equipment allows the application of two series interrupting devices

for a condition where the available fault current is greater than the interrupting

rating of the downstream equipment. Both devices share in the interruption of the

fault and selectivity is sacrificed at high fault levels. Maintain selectivity for tripping

currents caused by overloads.

Provide adequate time margins between device characteristics such that selective

operation is achieved.

Comments and recommendations for system improvements.

EXECUTION
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3.02

Examine Project overcurrent protective device submittals for compliance with electrical

distribution system coordination requirements and other conditions affecting performance.

Devices to be coordinated are indicated on Drawings.

1. Proceed with coordination study only after relevant equipment submittals have
been assembled. Overcurrent protective devices that have not been submitted and
approved prior to coordination study may not be used in study.

PROTECTIVE DEVICE COORDINATION STUDY

A

Comply with IEEE 242 for calculating short-circuit currents and determining coordination
time intervals.

Comply with IEEE 399 for general study procedures.

The study shall be based on the device characteristics supplied by device manufacturer.

The extent of the electrical power system to be studied is indicated on Drawings.

Begin analysis at the service, extending down to the system overcurrent protective devices

as follows:

1. To normal system low-voltage load buses where fault current is 10 kA or less.

2. Exclude equipment rated 240-V ac or less when supplied by a single transformer
rated less than 125 kVA.

Study electrical distribution system from normal and alternate power sources throughout

electrical distribution system for Project. Study all cases of system-switching configurations

and alternate operations that could result in maximum fault conditions.

Transformer Primary Overcurrent Protective Devices:

1. Device shall not operate in response to the following:
a. Inrush current when first energized.
b. Self-cooled, full-load current or forced-air-cooled, full-load current,
whichever is specified for that transformer.
C. Permissible transformer overloads according to IEEE C57.96 if required
by unusual loading or emergency conditions.
2. Device settings shall protect transformers according to IEEE C57.12.00, for fault
currents.

Motor Protection:

1. Select protection for low-voltage motors according to IEEE 242 and NFPA 70.
2. Select protection for motors served at voltages more than 600 V according to |IEEE
620.

Conductor Protection: Protect cables against damage from fault currents according to
ICEA P-32-382, ICEA P-45-482, and protection recommendations in IEEE 242.
Demonstrate that equipment withstands the maximum short-circuit current for a time
equivalent to the tripping time of the primary relay protection or total clearing time of the
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fuse. To determine temperatures that damage insulation, use curves from cable
manufacturers or from listed standards indicating conductor size and short-circuit current.

Generator Protection: Select protection according to manufacturer's written
recommendations and to IEEE 242.

The calculations shall include the ac fault-current decay from induction motors,

synchronous motors, and asynchronous generators and shall apply to low- and medium-

voltage, three-phase ac systems. The calculations shall also account for the fault-current

dc decrement, to address the asymmetrical requirements of the interrupting equipment.

1. For grounded systems, provide a bolted line-to-ground fault-current study for areas
as defined for the three-phase bolted fault short-circuit study.

Calculate short-circuit momentary and interrupting duties for a three-phase bolted fault and
single line-to-ground fault at each of the following:

Electric utility's supply termination point.

Switchgear.

Unit substation primary and secondary terminals.

Low-voltage switchgear.

Motor-control centers.

Standby generators and automatic transfer switches.

Branch circuit panelboards.

No gk wh =

Protective Device Evaluation:

1. Evaluate equipment and protective devices and compare to short-circuit ratings.

2. Adequacy of switchgear, motor-control centers, and panelboard bus bars to
withstand short-circuit stresses.

3.03 LOAD-FLOW AND VOLTAGE-DROP STUDY

A

Perform a load-flow and voltage-drop study to determine the steady-state loading profile of
the system. Analyze power system performance two times as follows:

1. Determine load-flow and voltage drop based on full-load currents obtained in
"Power System Data" Article.

2. Determine load-flow and voltage drop based on 80 percent of the design capacity
of the load buses.

3. Prepare the load-flow and voltage-drop analysis and report to show power system

components that are overloaded, or might become overloaded; show bus voltages
that are less than as prescribed by NFPA 70.

3.04 MOTOR-STARTING STUDY

A

Perform a motor-starting study to analyze the transient effect of the system's voltage
profile during motor starting. Calculate significant motor-starting voltage profiles and
analyze the effects of the motor starting on the power system stability.

Prepare the motor-starting study report, noting light flicker for limits proposed by IEEE 141
and voltage sags so as not to affect the operation of other utilization equipment on the
system supplying the motor.
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3.05 POWER SYSTEM DATA

A

Obtain all data necessary for the conduct of the overcurrent protective device study.

1. Verify completeness of data supplied in the one-line diagram on Drawings. Call
discrepancies to the attention of Engineer.

2. For new equipment, use characteristics submitted under the provisions of action
submittals and information submittals for this Project.

3. For existing equipment, whether or not relocated obtain required electrical

distribution system data by field investigation and surveys, conducted by qualified
technicians and engineers. The qualifications of technicians and engineers shall
be qualified as defined by NFPA 70E.

Gather and tabulate the following input data to support coordination study. The list below is
a guide. Comply with recommendations in IEEE 551 for the amount of detail required to be
acquired in the field. Field data gathering shall be under the direct supervision and control
of the engineer in charge of performing the study, and shall be by the engineer or its
representative who holds NETA ETT Level Il certification or NICET Electrical Power
Testing Level llI certification.

1. Product Data for overcurrent protective devices specified in other Sections and
involved in overcurrent protective device coordination studies. Use equipment
designation tags that are consistent with electrical distribution system diagrams,
overcurrent protective device submittals, input and output data, and recommended
device settings.

2. Electrical power utility impedance at the service.

3. Power sources and ties.

4. Short-circuit current at each system bus, three phase and line-to-ground.

5. Full-load current of all loads.

6. Voltage level at each bus.

7. For transformers, include kVA, primary and secondary voltages, connection type,
impedance, X/R ratio, taps measured in percent, and phase shift.

8. For reactors, provide manufacturer and model designation, voltage rating, and
impedance.

9. For circuit breakers and fuses, provide manufacturer and model designation. List

type of breaker, type of trip and available range of settings, SCCR, current rating,
and breaker settings.

10. Generator short-circuit current contribution data, including short-circuit reactance,
rated kVA, rated voltage, and X/R ratio.

1. For relays, provide manufacturer and model designation, current transformer
ratios, potential transformer ratios, and relay settings.

12. Maximum demands from service meters.

13. Busway manufacturer and model designation, current rating, impedance, lengths,
and conductor material.

14. Motor horsepower and NEMA MG 1 code letter designation.

15. Low-voltage cable sizes, lengths, number, conductor material, and conduit
material (magnetic or nonmagnetic).

16. Medium-voltage cable sizes, lengths, conductor material, and cable construction
and metallic shield performance parameters.
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3.06

3.07

17. Data sheets to supplement electrical distribution system diagram, cross-
referenced with tag numbers on diagram, showing the following:

a.

b.

C.

s @

FIELD ADJUSTING

Special load considerations, including starting inrush currents and
frequent starting and stopping.

Transformer characteristics, including primary protective device, magnetic
inrush current, and overload capability.

Motor full-load current, locked rotor current, service factor, starting time,
type of start, and thermal-damage curve.

Generator thermal-damage curve.

Ratings, types, and settings of utility company's overcurrent protective
devices.

Special overcurrent protective device settings or types stipulated by utility
company.

Time-current-characteristic curves of devices indicated to be coordinated.
Manufacturer, frame size, interrupting rating in amperes rms symmetrical,
ampere or current sensor rating, long-time adjustment range, short-time
adjustment range, and instantaneous adjustment range for circuit
breakers.

Manufacturer and type, ampere-tap adjustment range, time-delay
adjustment range, instantaneous attachment adjustment range, and
current transformer ratio for overcurrent relays.

Panelboards, switchboards, motor-control center ampacity, and SCCR in
amperes rms symmetrical.

|dentify series-rated interrupting devices for a condition where the
available fault current is greater than the interrupting rating of the
downstream equipment. Obtain device data details to allow verification
that series application of these devices complies with NFPA 70 and UL
489 requirements.

A. Adjust relay and protective device settings according to the recommended settings
provided by the coordination study. Field adjustments shall be completed by the
engineering service division of the equipment manufacturer under the Startup and
Acceptance Testing contract portion.

B. Make minor modifications to equipment as required to accomplish compliance with short-
circuit and protective device coordination studies.

C. Testing and adjusting shall be by a full-time employee of the Field Adjusting Agency, who
holds NETA ETT Level lll certification or NICET Electrical Power Testing Level Ill

certification.

1. Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.
Perform NETA tests and inspections for all adjustable overcurrent protective
devices.

DEMONSTRATION
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A. Engage the Coordination Study Specialist to train Owner's maintenance personnel in the
following:

1.

2.

3.

END OF SECTION

Acquaint personnel in the fundamentals of operating the power system in normal
and emergency modes.

Hand-out and explain the objectives of the coordination study, study descriptions,
purpose, basis, and scope. Include case descriptions, definition of terms, and
guide for interpreting the time-current coordination curves.

Adjust, operate, and maintain overcurrent protective device settings.
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DIVISION 16 - ELECTRICAL
SECTION 16403 - OVERCURRENT PROTECTIVE DEVICE ARC-FLASH STUDY

PART 1.00 GENERAL
1.01  RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Specification Sections, apply to this Section.

1.02  SUMMARY

A. Section includes a computer-based, arc-flash study to determine the arc-flash hazard
distance and the incident energy to which personnel could be exposed during work on or
near electrical equipment.

1.03  DEFINITIONS

A. Existing to Remain: Existing items of construction that are not to be removed and that are
not otherwise indicated to be removed, removed and salvaged, or removed and
reinstalled.

B. One-Line Diagram: A diagram which shows, by means of single lines and graphic symbols,

the course of an electric circuit or system of circuits and the component devices or parts
used therein.

C. Protective Device: A device that senses when an abnormal current flow exists and then
removes the affected portion from the system.

D. SCCR: Short-circuit current rating.

E. Service: The conductors and equipment for delivering electric energy from the serving
utility to the wiring system of the premises served.

1.04  ACTION SUBMITTALS

A. Product Data: For computer software program to be used for studies.
B. Other Action Submittals: Submit the following submittals after the approval of system
protective devices submittals. Submittals shall be in digital form.
1. Arc-flash study input data, including completed computer program input data
sheets.
2. Arc-flash study report; signed, dated, and sealed by a qualified professional
engineer.
a. Submit study report for action prior to receiving final approval of the

distribution equipment submittals. If formal completion of studies will
cause delay in equipment manufacturing, obtain approval from Architect
for preliminary submittal of sufficient study data to ensure that the
selection of devices and associated characteristics is satisfactory.
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1.05 INFORMATIONAL SUBMITTALS

A. Qualification Data: For Arc-Flash Study Specialist and Field Adjusting Agency.

B. Product Certificates: For arc-flash hazard analysis software, certifying compliance with
|[EEE 1584 and NFPA 70E.

1.06 CLOSEOUT SUBMITTALS

A. Maintenance procedures according to requirements in NFPA 70E shall be provided in the
equipment manuals.

B. Operation and Maintenance Procedures: In addition to items specified in Section 017823
"Operation and Maintenance Data," provide maintenance procedures for use by Owner's
personnel that comply with requirements in NFPA 70E.

1.07  QUALITY ASSURANCE

A. Studies shall use computer programs that are distributed nationally and are in wide use.
Software algorithms shall comply with requirements of standards and guides specified in
this Section. Manual calculations are unacceptable.

B. Arc-Flash Study Software Developer Qualifications: An entity that owns and markets
computer software used for studies, having performed successful studies of similar
magnitude on electrical distribution systems using similar devices.

1. The computer program shall be developed under the charge of a licensed
professional engineer who holds IEEE Computer Society's Certified Software
Development Professional certification.

C. Arc-Flash Study Specialist Qualifications: Professional engineer in charge of performing
the study, analyzing the arc flash, and documenting recommendations, licensed in the
state where Project is located. All elements of the study shall be performed under the
direct supervision and control of this professional engineer.

D. Field Adjusting Agency Qualifications: An independent agency, with the experience and
capability to adjust overcurrent devices and to conduct the testing indicated, that is a
member company of the International Electrical Testing Association or is a nationally
recognized testing laboratory (NRTL) as defined by OSHA in 29 CFR 1910.7, and that is
acceptable to authorities having jurisdiction.

PART 2.00 PRODUCTS
2.01  COMPUTER SOFTWARE DEVELOPERS

A

Software Developers:

1. Manufacturers: Subject to compliance with requirements, provide products by the
following:
a. SKM Systems Analysis, Inc.
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2.02

b. ETAP
Comply with IEEE 1584 and NFPA 70E.
Analytical features of device coordination study computer software program shall have the

capability to calculate "mandatory," "very desirable," and "desirable" features as listed in
|EEE 399.

ARC-FLASH STUDY REPORT CONTENT

A

B.

Executive summary.
Study descriptions, purpose, basis and scope.

One-line diagram, showing the following:

Protective device designations and ampere ratings.

Cable size and lengths.

Transformer kilovolt ampere (kVA) and voltage ratings.

Motor and generator designations and kVA ratings.

Switchgear, switchboard, motor-control center and panelboard designations.

o=

Study Input Data: As described in "Power System Data" Article.

Short-Circuit Study Output: As specified in "Short Circuit Study Output" Paragraph in
"Short-Circuit Study Report Contents" Article in Section 260572 "Overcurrent Protective
Device Short-Circuit Study."

Protective Device Coordination Study Report Contents: As specified in "Protective Device
Coordination Study Report Contents" Article in Section 260573 "Overcurrent Protective
Device Coordination Study."

Arc-Flash Study Output:
1. Interrupting Duty Report: Three-phase and unbalanced fault calculations, showing
the following for each overcurrent device location:
a. Voltage.
b. Calculated symmetrical fault-current magnitude and angle.
C. Fault-point X/R ratio.
d. No AC Decrement (NACD) ratio.
e. Equivalent impedance.
f. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a
symmetrical basis.
g. Multiplying factors for 2-, 3-, 5-, and 8-cycle circuit breakers rated on a
total basis

Incident Energy and Flash Protection Boundary Calculations:

1. Arcing fault magnitude with and without required Arc Energy Reduction methods.
2. Protective device clearing time.

3. Duration of arc.

4. Arc-flash boundary.
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Working distance.

Incident energy.

Hazard risk category.

Recommendations for arc-flash energy reduction.

®~ oo,

Fault study input data, case descriptions, and fault-current calculations including a
definition of terms and guide for interpretation of the computer printout.

2.03  ARC-FLASH WARNING LABELS

A

C.

PART 3.00

Comply with requirements in Section 260553 "ldentification for Electrical Systems."
Produce a 3.5-by-5-inch thermal transfer label of high-adhesion polyester for each work
location included in the analysis.

The label shall have an orange header with the wording, "WARNING, ARC-FLASH
HAZARD," and shall include the following information taken directly from the arc-flash
hazard analysis:

1. Location designation.

Nominal voltage.

Flash protection boundary.

Hazard risk category.

Incident energy.

Working distance.

Engineering report number, revision number, and issue date.

Nooakow

Labels shall be machine printed, with no field-applied markings.

EXECUTION

3.01  EXAMINATION

A

Examine Project overcurrent protective device submittals. Proceed with arc-flash study
only after relevant equipment submittals have been assembled. Overcurrent protective
devices that have not been submitted and approved prior to arc-flash study may not be
used in study.

3.02  ARC-FLASH HAZARD ANALYSIS

A

B.

Comply with NFPA 70E and its Annex D for hazard analysis study.

Preparatory Studies:

1. Protective Device Coordination Study Report Contents: As specified in "Protective
Device Coordination Study Report Contents" Article in Section 16402 "Overcurrent
Protective Device Coordination Study."

Calculate maximum and minimum contributions of fault-current size.
1. The minimum calculation shall assume that the utility contribution is at a minimum
and shall assume no motor load.
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2. The maximum calculation shall assume a maximum contribution from the utility
and shall assume motors to be operating under full-load conditions.

D. Calculate the arc-flash protection boundary and incident energy at locations in the
electrical distribution system where personnel could perform work on energized parts.

E. Include medium- and low-voltage equipment locations, except equipment rated 240-V ac
or less fed from transformers less than 125 kVA.

F. Safe working distances shall be specified for calculated fault locations based on the
calculated arc-flash boundary, considering incident energy of 1.2 cal/sg.cm.

G. Incident energy calculations shall consider the accumulation of energy over time when
performing arc-flash calculations on buses with multiple sources. Iterative calculations
shall take into account the changing current contributions, as the sources are interrupted
or decremented with time. Fault contribution from motors and generators shall be
decremented as follows:

1. Fault contribution from induction motors should not be considered beyond three to
five cycles.
2. Fault contribution from synchronous motors and generators should be decayed to

match the actual decrement of each as closely as possible (e.g., contributions
from permanent magnet generators will typically decay from 10 per unit to three
per unit after 10 cycles).

H. Arc-flash computation shall include both line and load side of a circuit breaker as follows:
1. When the circuit breaker is in a separate enclosure.
2. When the line terminals of the circuit breaker are separate from the work location.

Base arc-flash calculations on actual overcurrent protective device clearing time. Cap
maximum clearing time at two seconds based on IEEE 1584, Section B.1.2.

3.03 POWER SYSTEM DATA

A. Obtain all data necessary for the conduct of the arc-flash hazard analysis.
1. Verify completeness of data supplied on the one-line diagram on Drawings and
under "Preparatory Studies" Paragraph in "Arc-Flash Hazard Analysis" Article. Call
discrepancies to the attention of Engineer.

2. For new equipment, use characteristics submitted under the provisions of action
submittals and information submittals for this Project.
3. For existing equipment, whether or not relocated, obtain required electrical

distribution system data by field investigation and surveys, conducted by qualified
technicians and engineers.

B. Electrical Survey Data: Gather and tabulate the following input data to support study.
Comply with recommendations in IEEE 1584 and NFPA 70E as to the amount of detail that
is required to be acquired in the field. Field data gathering shall be under the direct
supervision and control of the engineer in charge of performing the study, and shall be by
the engineer or its representative who holds NETA ETT Level Il certification or NICET
Electrical Power Testing Level Il certification.
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3.04

3.05

3.06

Nooakow

10.

1.

12.

13.
14.

15.

LABELING

Product Data for overcurrent protective devices specified in other Sections and
involved in overcurrent protective device coordination studies. Use equipment
designation tags that are consistent with electrical distribution system diagrams,
overcurrent protective device submittals, input and output data, and recommended
device settings.

Obtain electrical power utility impedance at the service.

Power sources and ties.

Short-circuit current at each system bus, three phase and line-to-ground.
Full-load current of all loads.

Voltage level at each bus.

For transformers, include kVA, primary and secondary voltages, connection type,
impedance, X/R ratio, taps measured in per cent, and phase shift.

For reactors, provide manufacturer and model designation, voltage rating and
impedance.

For circuit breakers and fuses, provide manufacturer and model designation. List
type of breaker, type of trip and available range of settings, SCCR, current rating,
and breaker settings.

Generator short-circuit current contribution data, including short-circuit reactance,
rated kVA, rated voltage, and X/R ratio.

For relays, provide manufacturer and model designation, current transformer
ratios, potential transformer ratios, and relay settings.

Busway manufacturer and model designation, current rating, impedance, lengths,
and conductor material.

Motor horsepower and NEMA MG 1 code letter designation.

Low-voltage cable sizes, lengths, number, conductor material and conduit material
(magnetic or nonmagnetic).

Medium-voltage cable sizes, lengths, conductor material, and cable construction
and metallic shield performance parameters.

A. Apply one arc-flash label for 600-V ac, 480-V ac, and applicable 208-V ac panelboards
and disconnects and for each of the following locations:

1.

ok own

Motor-control center.
Low-voltage switchboard.
Switchgear.
Medium-voltage switch.
Control panel.

APPLICATION OF WARNING LABELS

A. Install the arc-fault warning labels under the direct supervision and control of the Arc-Flash
Study Specialist.

DEMONSTRATION

A. Engage the Arc-Flash Study Specialist to train Owner's maintenance personnel in the
potential arc-flash hazards associated with working on energized equipment and the
significance of the arc-flash warning labels.
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END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16410 - TVSS FOR LOW-VOLTAGE ELECTRICAL POWER CIRCUITS

PART 1.00

GENERAL

1.01  SUMMARY

A

This Section includes Transient Voltage Surge Suppression for low-voltage power,
control, and communication equipment.

1.02  DEFINITIONS

A

B.

SVR: Suppressed voltage rating.

TVSS: Transient voltage surge suppressor.

1.03  SUBMITTALS

A

Product Data: For each type of product indicated. Include rated capacities, operating
weights, operating characteristics, furnished specialties, and accessories.

Product Certificates: For transient voltage suppression devices, signed by product

manufacturer certifying compliance with the following standards:

1. UL 1283.

2. UL 1449.

3. MIL-STD 220A. Conduct spectrum analysis of each unit based on test
procedures between 50kHz and 200kHz indicating the device noise attenuation.

4. ANSI/IEEE C62.41 and ANSI/IEEE C62.45: Provide certified documentation of
applicable Location Category Testing in full compliance guidelines.

Shop Drawings: Submit shop drawings to indicate information not fully described by the
product data.

1. Include electrical characteristics and ratings for the specified equipment.

2. Include wiring diagrams indicating the internal connections of the specified
equipment within its enclosure.

3. Indicate device dimensions, weights, mounting provisions, and connection details.

Warranty: Warranty statement clearly establishing the terms and
conditions to the building/facility owner/operator.

Operation and Maintenance Data: For transient voltage suppression devices to include in
emergency, operation, and maintenance manuals.

1.04  QUALITY ASSURANCE

A

B.

Source Limitations: Obtain suppression devices and accessories through one source from
a single manufacturer.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA
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70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and
marked for intended use.

C. Comply with IEEE C62.41, "IEEE Guide for Surge Voltages in Low
Voltage AC Power Circuits," and test devices according to IEEE C62.45,
"IEEE Guide on Surge Testing for Equipment Connected to Low-Voltage
AC Power Circuits."

D. Comply with NEMA LS 1, "Low Voltage Surge Protection Devices."

E. Comply with UL 1283, "Electromagnetic Interference Filters," and UL
1449, "Transient Voltage Surge Suppressors."

1.05 COORDINATION

A. Coordinate location of field-mounted surge suppressors to allow adequate clearances for
maintenance.

1.06  WARRANTY

A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair or
replace components of surge suppressors that fail in materials or workmanship within ten
years from date of Substantial Completion.

1.07 EXTRA MATERIALS
A. Furnish extra materials described below that match products installed and that are
packaged with protective covering for storage and identified with labels describing
contents.
1. Replaceable Protection Modules: One of each size and type installed.

PART 2.00 PRODUCTS

201  MANUFACTURERS

A. Manufacturers: Subject to compliance with requirements, provide products by one of the
following:
1. ABB, Electrification Business
2. Eaton
3. Siemens Industry, Inc
4, Square D

202 COMMON REQUIREMENTS FOR SUPPRESSORS

A. Surge Protection Device Description: Modular design with field-replaceable modules, sine-
wave-tracking type with the following features and accessories:
1. Fuses, rated at 200-kA interrupting capacity.
2. Fabrication using bolted compression lugs for internal wiring.
3. Redundant suppression circuits.
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Redundant replaceable modules.

Arrangement with wire connections to phase buses, neutral bus, and ground bus.

LED indicator lights for power and protection status.

Audible alarm, with silencing switch, to indicate when protection has failed.

One set of dry contacts rated at 5 A and 250-V ac, for remote monitoring of

protection status. Coordinate with building power monitoring and control system.

9. Surge-event operations counter: Six-digit transient counter set to total all
transient surges that deviate from the fundamental sine wave by more than
125V.

10. Normal Audible Noise less than 0dB.

1. EMI/RFI Noise attenuation: Exceeding 55dB at 100kHz, using 50 ohm insertion
losstest.

12. Magnetic Fields: No appreciable magnetic fields shall be generated. The device
shall be capable of use directly in computer rooms in any location without danger
to data storage systems or devices.

13. Leakage Current less than 1mA.

© NS Ok

B. Integral Disconnect Switch (If Required, Refer to “Installation of Surge Protection Devices”)

1. The device shall have an optional NEMA compliant safety

interlocked integral disconnect switch with an externally
mounted metal manual operator.

2. The switch shall disconnect all ungrounded circuit conductors from
the distribution system to enable testing and maintenance without
interruption to the facility’s distribution system.

The switch shall be rated for 600Vac.

4. The SPD device shall be tested to UL1449 3rd Edition listed
with the integral disconnect switch and the UL1449 VPR
ratings shall be provided.

d. The integral disconnect switch shall be capable of

withstanding, without failure, the published maximum

surge current magnitude without failure or damage to the

switch.

6. The line side of the integral disconnect shall be blocked off so

that when the SPD is opened there is no direct access to the

voltage present on the line side of the disconnect.

w

2.03  SERVICE ENTRANCE SUPPRESSORS (CAT C)

A. Service Entrance Suppressors to meet “Common Requirements for Suppressors” listed
above, unless otherwise indicated.

B. Maximum Category C combination wave clamping voltage shall not exceed the following:
1. 600V, line to neutral and line to ground on 120/208 V systems.
2. 1000V, line to neutral and line to ground on 277/480 V systems

C. Withstand Capabilities: 3000 Category C surges with less than 5 percent change in
clamping voltage.

D. Peak Single-Impulse Surge Current Rating:
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1. 320/160 kA per phase/mode.
Connection Means: Permanently wired.

Protection modes and UL 1449 SVR for grounded wye circuits with voltages of
480Y/277, 3- phase, 4-wire circuits shall be as follows:
1. For Non-Fused Devices:
a. Line to Neutral: 800 V for 480Y/277.
b. Line to Ground: 800 V for 480Y/277.
C. Neutral to Ground: 800 V for 480Y/277.
2. For Fused Devices:
a. Line to Neutral: 1000 V for 480Y/277.
b. Line to Ground: 1000 V for 480Y/277.
C. Neutral to Ground: 1000 V for 480Y/277.

2.04 DISTRIBUTION PANELBOARD SUPPRESSORS (CAT B)

A

Distribution Panelboard Suppressors to meet “Common Requirements for Suppressors”
listed above, unless otherwise indicated.

Maximum Category B combination wave clamping voltage shall not exceed the following:
1. 600V, line to neutral and line to ground on 120/208 V systems.
2. 1000V, line to neutral and line to ground on 277/480 V systems

Withstand Capabilities: 3000 Category B surges with less than 5 percent change in
clamping voltage.

Peak Single-Impulse Surge Current Rating:
1. 240/120 kA per phase/mode.

Protection modes and UL 1449 SVR for grounded wye circuits with voltages of
480Y/277, 3- phase, 4-wire circuits shall be as follows:
1. For Non-Fused Devices:
a. Line to Neutral: 800 V for 480Y/277.
b. Line to Ground: 800 V for 480Y/277.
C. Neutral to Ground: 800 V for 480Y/277.
2. For Fused Devices:
a. Line to Neutral: 1000 V for 480Y/277.
b. Line to Ground: 1000 V for480Y/277.
C. Neutral to Ground: 1000 V for 480Y/277.

2.05 LIGHTING AND APPLIANCE PANELBOARD SUPPRESSORS (CAT A)

A

Lighting and Appliance Panelboard Suppressors to meet “Common Requirements for
Suppressors” listed above, unless otherwise indicated.

Maximum Category B combination wave clamping voltage shall not exceed the following:
1. 600V, line to neutral and line to ground on 120/208 V systems.
2. 1000V, line to neutral and line to ground on 277/480 V systems
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Withstand Capabilities: 3000 Category B surges with less than 5 percent change in
clamping voltage.

Peak Single-Impulse Surge Current Rating:
1. 80/40 kA per phase/mode.

Protection modes and UL 1449 SVR for grounded wye circuits with voltages of 480Y/277
or 208Y/120, 3-phase, 4-wire circuits shall be as follows:
1. For Non-Fused Devices:

a. Line to Neutral: 800 V for 480Y/277 and 400 V for 208Y/120.

b. Line to Ground: 800 V for 480Y/277 and 400 V for 208Y/120.

C. Neutral to Ground: 800 V for 480Y/277 and 400 V for208Y/120.

206 ENCLOSURES

A

PART 3.00

NEMA 250, with type matching the enclosure of panel or device being protected.

EXECUTION

3.01  INSTALLATION OF SURGE PROTECTION DEVICES

A

Install devices at service entrance on load side, with ground lead bonded to service
entrance ground.

Install devices for panelboard and auxiliary panels with conductors or buses between
suppressor and points of attachment as short and straight as possible. Do not exceed
manufacturer's recommended lead length. Do not bond neutral and ground.

1. Provide multipole, 60-A frame circuit breaker as a dedicated disconnect for
suppressor, unless otherwise indicated. Comply with manufacturer's written
recommendation for conductor and trip rating of circuit-breaker for connecting
TVSS devices to distribution system. Match circuit-breaker size to conductor size.

2. Where the panel on plan does not indicate a dedicated breaker for SPD. An
integral disconnect shall be provided as described in “Common Requirements For
Suppressors”

3.02  FIELD QUALITY CONTROL

A

Prepare for acceptance tests as follows:

1. Test insulation resistance for each component, connecting supply, feeder, and
control circuit.
2. Test continuity of each circuit.

Testing Agency: Engage a qualified independent testing and inspecting agency as defined
in Division 26 Section “Common Work Results for Electrical” to perform the following field
tests and inspections and prepare certified test reports:

1. After installing surge protection devices, but before electrical circuitry has been
energized, test for compliance with requirements.
2. Complete startup checks according to manufacturer's written instructions.

16410-5



3. Perform each visual and mechanical inspection and electrical test stated in NETA
ATS 7.19.1, "Surge Arresters, Low-Voltage Surge Protection Devices" Section.
Certify compliance with test parameters.

3.03 CLEANING

A. Clean components according to manufacturer's written instructions.
B. Prior to installation of front trim and cover plates inspect interior surfaces and perform the
following:
1. Remove paint splatters and other spots.
END OF SECTION
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DIVISION 16 - ELECTRICAL
SECTION 16440 —- AUTOMATIC TRANSFER SWITCHES

PART 1.00 GENERAL
1.01  RELATED DOCUMENTS

A. Drawings and general provisions of the Contract, including General and Supplementary

Conditions and Division 01 Specification Sections, apply to this Section.
1.02  SUMMARY

A This Section includes transfer switches rated 600 V and less, including the following:

1. Automatic transfer switches

2. Remote annunciation systems

B. Related Sections include the following:

1.03  SUBMITTALS

A Product Data: For each type of product indicated. Include rated capacities, weights,
operating characteristics, furnished specialties, and accessories.

1. Technical data on all major components of all transfer switches and other
products described in this section. Data is required for the transfer switch
mechanism, control system, cabinet, and protective devices specifically listed
for use with each transfer switch. Include steady state and fault current ratings,
weights, operating characteristics, and furnished specialties and accessories.

2. Single Line Diagram: Show connections between transfer switch, power
sources and load.

B. Shop Drawings: Dimensioned plans, elevations, sections, and details showing minimum
clearances, conductor entry provisions, gutter space, installed features and devices, and
material lists for each switch specified.

1. Dimensioned outline drawings of assembly, including elevations, sections, and
details including minimal clearances, conductor entry provisions, gutter space,
installed features and devices and material lists for each switch specified.

2. Internal electrical wiring and control drawings.

3. Interconnection wiring diagrams, showing recommended conduit runs and
point-to-point terminal connections to generator set.

4, Installation and mounting instructions, including information for proper
installation of equipment to meet seismic requirements.

C. Manufacturer and Supplier Qualification Data
1. The transfer switch manufacturer shall be certified to ISO 9001 International

Quality Standard and shall have third party certification verifying quality
assurance in design/development, production, installation, and service, in
accordance with 1ISO 9001.

2. The manufacturer of this equipment shall have produced similar equipment for
a minimum period of 10 years. When requested, an acceptable list of
installations with similar equipment shall be provided demonstrating compliance
with this requirement.

D. Operation and Maintenance Data: For each type of product to include in emergency,
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operation, and maintenance manuals. In addition to items specified in Division 01

Section "Operation and Maintenance Data," include the following:

1. Features and operating sequences, both automatic and manual.

2. List of all factory settings of relays, timers and protective devices; provide setting
and calibration instructions where applicable.

Warranty documents demonstrating compliance with the project's contract
requirements.

1.04  QUALITY ASSURANCE

A

Manufacturer Qualifications: The equipment supplier shall maintain a service center
capable of providing training, parts, maintenance and emergency repairs to equipment,
including transfer switch generator sets and remote monitoring equipment (if applicable)
at the site within a response period of less than (eight hours or appropriate time period
designated for Project) from time of notification.

1. The transfer switch shall be serviced by technicians employed by, and specially
trained and certified by, the generator set supplier and the supplier shall have a
service organization that is factory-certified in both generator set and transfer
switch service. The supplier shall maintain an inventory of critical replacement
parts at the local service organization, and in service vehicles. The service
organization shall be on call 24 hours per day, 365 days per year.

2. Submit names, experience level, training certifications, and locations for
technicians that will be responsible for servicing equipment at this site.
3. The manufacturer shall maintain model and serial number records of each

transfer switch provided for at least 20 years.

Source Limitations: All transfer switches are to be obtained through one source from a
single manufacturer. The generator set manufacturer shall warrant transfer switches to
provide a single source of responsibility for products provided.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in
NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction,
and marked as suitable for use in emergency, legally required or optional standby use
as appropriate for the connected load.

The automatic transfer switch installation and application shall conform to the
requirements of the following codes and standards:

1. Transfer switches and enclosures shall be UL 1008 listed and labeled as
suitable for use in emergency, legally required, and optional standby
applications.

2. CSA 282, Emergency Electrical Power Supply for Buildings, and CSA C22.2,
No. 14-M91 Industrial Control Equipment

3. NFPA 70, National Electrical Code. Equipment shall be suitable for use in

systems in compliance with Articles 700, 701 and 702.

Comply with NEMA ICS 10-1993 AC Automatic Transfer Switches

IEEE 446 — Recommended Practice for Emergency and Standby Power

Systems for Commercial and Industrial Applications

EN55011, Class B Radiated Emissions and Class B Conducted Emissions

IEC 1000-4-5 (EN 61000-4-5); AC Surge Immunity

IEC 1000-4-4 (EN 61000-4-4) Fast Transients Immunity

IEC 1000-4-2 (EN 61000-4-2) Electrostatic Discharge Immunity

0. IEC 1000-4-3 (EN 61000-4-3) Radiated Field Immunity
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1. IEC 1000-4-6 Conducted Field Immunity
12. IEC 1000-4-11 Voltage Dip Immunity
13. |[EEE 62.41, AC Voltage Surge Immunity
14. |[EEE 62.45, AC Voltage Surge Testing

Comply with NFPA 110 - Emergency and Standby Power Systems. The transfer switch
shall meet all requirements for Level 1 systems, regardless of the actual circuit level.

The manufacturer shall warrant the material and workmanship of the transfer switch
equipment for a minimum of five (5) year from the warranty start date. The warranty
start date is the date of registered commissioning and start up or eighteen (18) months
from date of shipment, whichever is sooner.

The warranty shall be comprehensive. No deductibles shall be allowed for travel time,
service hours, repair parts cost, and etc. during the minimum noted warranty period
described above.

1.05  COORDINATION

A

PART 2.00

Size and location of concrete bases and anchor bolt inserts shall be coordinated.
Concrete, reinforcement and formwork must meet the requirements specified in Division
03. See section "INSTALLATION" for additional information on installation

PRODUCTS

2.01  MANUFACTURERS

A

Manufacturers: Subject to compliance with requirements, provide products by one of

the following:

1. Cummins Power Generation

2. ASCO

3. Trystar (Docking stations & Manual Transfer Switches)

Switches manufactured by other manufacturers that meet the requirement of this
specification are acceptable, if approved not less than two weeks before scheduled bid
date. Proposals must include a line-by-line compliance statement based on this
specification.

Transfer switches utilizing molded case circuit breakers do not meet the requirements
of this specification and will not be accepted.

2.02 GENERAL TRANSFER-SWITCH PRODUCT REQUIREMENTS

A

B.

Provide transfer switches in the number and ratings that are shown on the drawings.

Indicated Current Ratings: Apply as defined in UL 1008 for continuous loading and total
system transfer.

Fault-Current Closing and Withstand Ratings: UL 1008 WCR ratings must be specifically
listed as meeting the requirements for use with protective devices at installation
locations, under specified fault conditions. Withstand and closing ratings shall be based
on use of the same set of contacts for the withstand test and the closing test.
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Solid-State Controls: All settings should be accurate to +/- 2% or better over an operating
temperature range of - 40 to + 60 degrees C (- 40 to + 140 degrees F).

Resistance to Damage by Voltage Transients: Components shall meet or exceed
voltage-surge withstand capability requirements when tested according to IEEE C62.41.
Components shall meet or exceed voltage-impulse withstand test of NEMA ICS 1.

Electrical Operation: Accomplished by a non-fused, momentarily energized solenoid or
electric motor operator mechanism, mechanically and electrically interlocked in both
directions (except that mechanical interlock is not required for closed transition
switches).

Switch Characteristics: Designed for continuous-duty repetitive transfer of full-rated
current between active power sources.

1. Switches using molded-case switches or circuit breakers, or insulated case
circuit breaker components are not acceptable.

2. Transfer switches shall be double-throw, electrically and mechanically
interlocked, and mechanically held in the Source 1 and Source 2 positions.

3. Main switch contacts shall be high pressure silver alloy. Contact assemblies

shall have arc chutes for positive arc extinguishing. Arc chutes shall have
insulating covers to prevent inter-phase flashover.

4, Contacts shall be operated by a high-speed electrical mechanism that causes
contacts to open or close within three electrical cycles from signal.
5. Transfer switch shall be provided with flame retardant transparent covers to

allow viewing of switch contact operation but prevent direct contact with
components that could be operating at line voltage levels.

6. The transfer switch shall include the mechanical and control provisions
necessary to allow the device to be field-configured for operating speed.
Transfer switch operation with motor loads shall be as is recommended in
NEMA MG1.

a. Phase angle monitoring/timing equipment is not an acceptable
substitute for this functionality

7. Transfer switches designated on the drawings as “4-pole” shall be provided with
a switched neutral pole switched which is switched simultaneously with phase
poles.

8. Transfer switches designated on the drawings as "service entrance" switches
shall meet the requirements of section "SERVICE ENTRANCE TRANSFER
SWITCHES" of this specification.

Control: Transfer switch control shall be capable of communicating with the genset
control, other switches and remote programming devices over a high-speed network
interface.

Factory wiring: Transfer switch internal wiring shall be composed of pre-manufactured
harnesses that are permanently marked for source and destination. Harnesses shall be
connected to the control system by means of locking disconnect plug(s), to allow the
control system to be easily disconnected and serviced without disconnecting power from
the transfer switch mechanism

Terminals: Terminals shall be pressure type and appropriate for all field wiring. Control
wiring shall be equipped with suitable lugs, for connection to terminal strips.
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K.

Enclosures: All enclosures shall be third-party certified for compliance to NEMA ICS 6
and UL 508, unless otherwise indicated:

1. The enclosure shall provide wire bend space in compliance to the latest version
of NFPAT70, regardless of the direction from which the conduit enters the
enclosure.

2. Exterior cabinet doors shall provide complete protection for the system’s internal

components. Doors must have permanently mounted key-type latches. Bolted
covers or doors are not acceptable.

3. Transfer switches shall be provided in enclosures that are third party certified
for their intended environment per NEMA requirements.

4, Indoor transfer switches shall be NEMA-1. Outdoor transfer switches shall be
NEMA-3R.

2.03  AUTOMATIC TRANSFER SWITCHES

A

B.

Comply with requirements for Level 1 equipment according to NFPA 110.

Indicated current ratings:

1. Refer to the Project drawings for specifications on the sizes and types of transfer
switch equipment, withstand and closing ratings, number of poles, voltage and
ampere ratings, enclosure type, and accessories.

2. Main contacts shall be rated for 600 VAC minimum.

3. Transfer switches shall be rated to carry 100% of rated current continuously in
the enclosure supplied, in ambient temperatures of -40 to +60 degrees C (-40
to +140 degrees F), relative humidity up to 95% (non-condensing), and altitudes
up to 10,000 feet (3000 meters).

Relay Signal: Control shall include provisions for addition of a pre-transfer relay signal,
adjustable from 0 to 60 seconds, to be provided if necessary for elevator operation,
based on equipment provided for the project.

Control: Transfer switch control shall be provided with necessary equipment and
software to communicate with the genset control, other transfer switches, remote
annunciation equipment, and other devices over a high speed control network.

Neutral Switching: Transfer switches designated on the drawings as 4-pole shall be
provided with a switched neutral pole. The neutral pole shall be of the same construction
and have the same ratings as the phase poles. All poles shall be switched
simultaneously using a common crossbar. Substitute equipment using overlapping
neutral contacts is not acceptable.

Automatic Transfer Switch Control Features

1. The transfer switch control system shall be configurable in the field for any
operating voltage level up to 600 VAC. Voltage sensing shall be monitored
based on the normal voltage at the site. Systems that utilize voltage monitoring
based on standard voltage conditions that are not field configurable are not
acceptable.

2. All transfer switch sensing shall be configurable from an operator panel or from
a Windows XP or later PC-based service tool. Designs utilizing DIP switches or
other electromechanical devices are not acceptable.

3. The transfer switch shall be configurable to accept a relay contact signal and a
network signal from an external device for load shedding purposes. On receipt
of this signal, the transfer switch shall switch to a neutral position when
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H.

connected to Source 2. If Source 1 is available when the load-shed signal is
received, the transfer switch shall connect to Source 1.

The transfer switch shall be configurable to accept a relay contact signal and a
network signal from an external device to prevent transfer to the generator
service.

The transfer switch shall provide a relay contact signal prior to transfer or re-
transfer. The time period before and after transfer shall be adjustable in a range
of 0 to 60 seconds.

The control system shall be designed and prototype tested for operation in
ambient temperatures from - 40 degrees C to + 60 degrees C (- 40 to +140
degrees F). It shall be designed and tested to comply with the requirements of
the noted voltage and RFI/EMI standards.

The control shall have optically isolated logic inputs, high isolation transformers
for AC inputs and relays on all outputs, to provide optimum protection from line
voltage surges, RFl and EMI.

The transfer switch network monitoring equipment, when supplied, shall be
provided with a battery-based auxiliary power supply to allow monitoring of the
transfer switch when both AC power sources are non-operational.

Transfer Switch Control Panel: The transfer switch shall have a microprocessor-based
control with a sealed membrane panel incorporating pushbuttons for operator-controlled
functions, and LED lamps for system status indicators. The panel shall also include an
alphanumeric display for detailed system information. Panel display and indicating
lamps shall include permanent labels.

1.

The indicator panel LEDs shall display:

a. Which source the load is connected to (Source 1 or Source 2)

b. Which source or sources are available

C. When switch is not set for automatic operation, the control is disabled
d. When the switch is in test/exercise mode

The indicator shall have pushbuttons that allow the operator to activate the
following functions:

a. Activate pre-programmed test sequence
b. Override programmed delays, and immediately go to the next operation
C. Reset the control by clearing any faults

d. Test all of the LEDs by lighting them simultaneously

The alphanumeric digital display shall be vacuum fluorescent-type, clearly
visible in both bright sunlight and no-light conditions over an angle of 120
degrees, and shall display the following:

a. AC voltage for all phases, normal and emergency

b. Source status: connected or not connected.

C. Load data, including voltage, AC current, frequency, KW, KVA, and
power factor.

The display panel shall be password-protected, and allow the operator to view
and make adjustments:

Set nominal voltage and frequency for the transfer switch

Adjust voltage and frequency sensor operation set points

Set up time clock functions

Set up load sequence functions

Enable or disable control functions including program transition

View real-time clock data, operation log (hours connected, times
transferred, failures) and service history

~0 o0 oTo®

Control Functions: Functions managed by the control shall include:
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Software adjustable time delays:

a. Engine start (prevents nuisance genset starts in the event of
momentary power fluctuation): 0 to 120 seconds (default 3 sec)

b. Transfer normal to emergency (allows genset to stabilize before load is
transferred): 0 to 120 seconds (default 3 sec)

C. Re-transfer emergency to normal (allows utility to stabilize before load

is transferred from genset): 0 to 30 minutes (default 3 sec)

Engine cooldown: 0 to 30 minutes (default 10 min)

. Programmed transition: 0 to 60 seconds (default 3 sec)

oltage imbalance sensing:

Dropout: 2 to 10% (default 4%)

Pickup: 90% of dropout

Time delay: 2.0 to 20 seconds (default 5 sec)

Bar graph meter panel, to display 3-phase AC Amps, 3-phase AC Volts,
Hz, KW load level, and load power factor. The display shall be color-
coded, with green scale indicating normal or acceptable operating level,
yellow indicating conditions nearing a fault, and red indicating operation
in excess of rated conditions for the transfer switch.

Phase rotation sensing:

<o o

oo o

a. Time delay: 100 msec
Loss of single-phase detection:
a. Time delay: 100 msec

Control features shall include:

1.

Programmable genset exerciser: A field-programmable control shall periodically
start and run the generator with or without transferring the load for a preset time
period, then re-transfer and shut down the generator after a preset cool-down
period.

In event of a loss of power to the control, all control settings, real-time clock
setting and the engine start-time delay setting will be retained.

The system continuously logs information including the number of hours each
source has been connected to the load, the number of times transferred, and
the total number of times each source has failed. An event recorder stores
information, including time and date-stamp, for up to 50 events.

Re-Transfer Inhibit Switch: Inhibits automatic re-transfer control so automatic
transfer switch will remain connected to emergency power source as long as it
is available regardless of condition of normal source.

Transfer Inhibit Switch: Inhibits automatic transfer control so automatic transfer
switch will remain connected to normal power source regardless of condition of
emergency source.

Control Interface

1.

Provide one set Form C auxiliary contacts on both sides, operated by transfer
switch position, rated 10 amps 250 VAC.

2. The transfer switch shall be provided with a network communication card, and
configured to allow network-based communication with the transfer switch and
other network system components, including the generator set(s) provided for
the Project.

3. Unassigned Auxiliary Contacts: Two normally open, 1-pole, double-throw
contacts for each switch position, rated 10A at 240 VAC.

Engine Starting Contacts

1.

One isolated and normally closed pair of contacts rated 10A at 32 VDC
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2.04

2.05

minimum.

SERVICE ENTRANCE TRANSFER SWITCHES

A

Transfer switches must be specifically intended for service entrance applications, and
labeled “Suitable for service entrance use only”

Transfer switch shall meet NEC requirements for emergency, legally required and
standby applications as specified in UL 1008.

Entire transfer switch including enclosure must be listed and labeled to UL 1008;
switches with only the mechanism listed are not acceptable.

Molded case circuit breaker must be UL 489 listed.

MANUAL TRANSFER SWITCHES (MTS)

A

The transfer switch unit shall be manually operated and mechanically held. The switch
shall be mechanically interlocked to ensure only one of three possible positions, Source
1, Source 2, or Center Off Fused disconnect type switches shall not be acceptable.

The switch shall be positively locked and unaffected by momentary outages so that
contact pressure is maintained at a constant value and temperature rise at the contacts
is minimized for maximum reliability and operating life.

All main contacts shall be silver composition. Switches rated 600 amperes and above
shall have segmented blow-on construction for high withstand current capability and be
protected by separate arcing contacts.

Inspection of all contacts shall be possible from the front of the switch without
disassembly of operating linkages and without disconnection of power conductors.

Designs utilizing components of molded-case circuit breakers, contactors, or parts
thereof which are not intended for continuous duty, repetitive switching or transfer
between two active power sources are not acceptable.

Where neutral conductors must be switched, the MTS shall be provided with fully- rated
neutral transfer contacts.

Where neutral conductors are to be solidly connected, a neutral terminal plate with fully-
rated AL-CU pressure connectors shall be provided.

The MTS shall be tested in accordance with UL 1008 for transfer switches. Switch
ratings of 260 amperes and less shall have endurance rating of 6000 cycles, 400 ampere
shall have endurance rating of 4000 cycles, and 600 — 1200 ampere shall have
endurance rating of 3000 cycles.

Operation:

1. The transfer switch shall be arranged for manually actuated manual operation.
2. The manual transfer shall be actuated via a mechanical operating mechanism.
3. The manual operating handle shall be capable of external operation without

opening the enclosure door.
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K.

PART 3.00

3.01  INSTALLATION

A

It shall have the same contact to contact speed as automatic operation
There shall be three positions for manual operation:

a. Connected to Source 1 (preferred)
b. Connected to Source 2 (alternate)
C. Connect to center off (disconnected position)

Switch position when connected to Source 1, or Source 2 shall be pad -
lockable

Additional Features:

1.

2.
3.

Mechanical position indicators (yellow) visible to the operator shall be included
for Source 1 (preferred), Source 2, (alternate), and Center Off (disconnected).
LED indicators for Source 1 (preferred), and Source 2 (alternate).
Aucxiliary position indicating contacts, rated 10 amps, 250 Vac shall be provided
consisting of one closed when the MTS is connected to Source 1 (preferred),
and one contact closed when the MTS is connected to Source 2 (alternate)
A form A contact shall be provided to indicate switch is in the Center Off
(disconnected) position.
Auxiliary Contacts: Position indicating contacts, rated 10 amps, 250 Vac shall
be provided consisting of two closed when the MTS is connected to Source 1
(preferred), and two contact closed when the MTS is connected to Source 2
(alternate).
Integrated Quick Connects: contains quick connects which provide a connecting
means for connecting a portable generator.
a. Quick connects shall be located on Source 2 (emergency):
1) For 400A and below models, there shall be one (1) row of up
to five (5) series single pole connections.
2) For 600A - 800A models, there shall be two (2) rows of up to
five (5) single pole connections.
3) For 1000A-1200A models, there shall be three (3) rows of up
to 5 single pole connections.
b. All electrical connections shall be 16 cam type single pole connectors,
available color coded as per industry standard practice.

Withstand and Closing Ratings:

1.

The MTS shall be rated to close on and withstand the available RMS
symmetrical short circuit current at the MTS terminals with the type of
overcurrent protection shown on the plans. WCR MTS ratings @ 480v shall be
as follows when used with specific circuit breakers or current limiting fuses:

MTS Withstand & Closing W/CLF
Ampacity Rating MCCB
150-600 50,000A 200,000
800-1200 65,000A 200,000

EXECUTION

Design each fastener and support to carry load indicated by seismic requirements and
according to seismic-restraint details. See Division 26 Section "Vibration and Seismic
Controls for Electrical Systems."

Floor-Mounting Switch: Anchor to floor by bolting.

16440-9



E.

1. Floor-mounted transfer switches (except drawout switches supported by
wheeled carriages, which must be rolled out at floor level) shall be mounted on
concrete bases complying with the following requirements:

a. Concrete Bases: 4 inches (100 mm) high, reinforced, with chamfered
edges. Extend base no more than 4 inches (100 mm) in all directions
beyond the maximum dimensions of switch, unless otherwise indicated
or unless required for seismic support. Construct concrete bases
according to Division 26 Section "Hangers and Supports for Electrical
Systems." Where Section “Hangers and supports for Electrical
Systems.” Is not included in the spec book refer to Division 26 Section
‘Basic Electrical Requirements”.

Annunciator Panel Mounting: Flush in wall, unless otherwise indicated.
Identify components according to Division 26 Section "Identification for Electrical
Systems." Where section “Identification for Electrical Systems” is not included in the

spec book refer to Division 26 section “Basic Electrical Requirements”

Set field-adjustable intervals and delays, relays, and engine exerciser clock.

3.02 CONNECTIONS

A

Wiring to Remote Components: Match type and number of cables and conductors to
control and communication requirements of transfer switches as recommended by
manufacturer. Increase raceway sizes at no additional cost to Owner if necessary to
accommodate required wiring.

Field control connections shall be made on a common terminal block that is clearly and
permanently labeled.

Transfer switch shall be provided with AL/CU mechanical lugs sized to accept the full
output rating of the switch. Lugs shall be suitable for the number and size of conductors
shown on the drawings.

Ground equipment according to Division 26 Section "Grounding and Bonding for
Electrical Systems." Where section “Grounding and Bonding for Electrical Systems” is
notincluded in the spec book refer to Division 26 section “Basic Electrical Requirements”

Connect wiring according to Division 26 Section "Low-Voltage Electrical Power
Conductors and Cables." Where section “Grounding and Bonding for Electrical Systems”
is not included in the spec book refer to Division 26 section “Basic Electrical
Requirements”

3.03 SOURCE QUALITY CONTROL

A

Prior to shipping, factory shall test and inspect components, assembled switches, and
associated equipment to ensure proper operation.

Factory shall check transfer time and voltage, frequency, and time-delay settings for
compliance with specified requirements.

Factory shall perform dielectric strength test complying with NEMA ICS 1.
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3.04  FIELD QUALITY CONTROL

A

Manufacturer's Field Service: The supplier of the transfer switch(es) and associated
equipment shall inspect, test, and adjust components, assemblies, and equipment
installations, including connections, and report results in writing.

Manufacturer's representative shall perform tests and inspections and prepare test
reports.

After installing equipment and after electrical circuitry has been energized, installer shall
test for compliance with requirements.

1. Perform recommended installation tests as recommended in manufacturer’s
installation and service manuals.

2. After energizing circuits, demonstrate interlocking sequence and operational
function for each switch.
a. Simulate power failures of normal source to automatic transfer switches

and of emergency source with normal source available.
b. Verify time-delay settings.

C. Verify that the transfer switch is accurately metering AC voltage and
current.
d. Verify proper sequence and correct timing of automatic engine starting,

transfer time delay, retransfer time delay on restoration of normal
power, and engine cool-down and shutdown.

Infrared Scanning: After Substantial Completion, but not more than 60 days after Final
Acceptance, perform an infrared scan of each switch. Remove all access panels so
joints and connections are accessible to portable scanner.

1. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of
each switch 11 months after date of Substantial Completion.

2. Instrument: Use an infrared scanning device designed to measure temperature
or to detect significant deviations from normal values. Provide calibration record
for device.

3. Record of Infrared Scanning: Prepare a certified report that identifies switches

checked and that describes scanning results. Include notation of deficiencies
detected, remedial action taken, and observations after remedial action.

3.05 DEMONSTRATION

A

After generator set installation, the generator and transfer switch supplier shall conduct
a complete operation, basic maintenance, and emergency service seminar covering
generator set and transfer switch equipment, for up to 10 people employed by the
Owner.

1. The seminar shall include instruction on operation of the transfer equipment,
normal testing and exercise, adjustments to the control system, use of the PC
based service and maintenance tools provided under this contract, and
emergency operation procedures.

2. The class duration shall be at least 8 hours in length, and include practical
operation with the installed equipment.

3.06 SERVICE AND SUPPORT

A

The manufacturer shall supply the Service Provider with a complete set of the service
and maintenance software required to support the product. The software shall be
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provided at a training class attended by the user, to qualify the user in proper use of the
software. The software shall have the following features and capabilities:

1.

END OF SECTION

The software shall allow adjustment of all functions described herein, adjustment of
operating levels of all protective functions, and programming of all optional functions in
the controller. Adjustments shall be possible over modem from a facility that is remote
from the generator set.

The software shall be capable of storing and displaying data for any function
monitored by the generator set control. This data shall be available in common
file formats, and on graphical “strip chart” displays.

The software shall automatically record all control operations and adjustments
performed by any operator or software user, for tracking of changes to the
control.

The software shall display all warning, shutdown, and status changes
programmed into transfer switch controller. For each event, the control shall
provide information on the nature of the event, when it last occurred, and how
many times it has occurred.
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DIVISION 16 - ELECTRICAL
SECTION 16500 - LIGHTING

PART 1.00 GENERAL
1.01  LIGHTING SCHEDULE

A. The Contractor shall install lighting fixtures and accessories as shown on the drawings
and/or described herein. The Contractor shall also install lamps for all fixtures.

PART 2.00 PRODUCTS
201 LEDLIGHTING

A. Lighting fixtures with LED light sources shall meet the following fixture and light source
requirements:

LED Color Temperature — Per Drawings

CRI'> 80

Line Voltage — Universal Voltage 120-277 volts

Governmental Standards — LM79 and LM80 Compliant

Expected Lamp Life — LED Life Rating (L7 B1o) to be 60,000 hours to 100,000 hours;

Defined as time of operation (in hours) to 30% lumen depreciation (i.e. 70% lumen

maintenance), derived from Luminaire in-situ temperature measurement testing (i.e.

LED chip package temperature (Ts) measurement obtained with the LED chip

package operating in given luminaire and in a given stabilized ambient environment)

under UL1598 environments and directly correlated to LED package manufacturers

IESNA LM-80-08 data. Predicted (L7o B1o) Limits (@ 25°C luminaire ambient

operating environment): Greater than 60,000 hours @ 350mA Drive Current

6. Driver — Components must be fully encased in potting material for moisture
resistance, and must comply with IEC and FCC standards

7. Surge Protection — Surge protection must be provided including separate sure
protection built into electronic driver

8. Mechanical — Luminaire LED system components to be low copper aluminum, with
high performance heat sink(s) designed specifically for LED luminaires. No active
cooling features (Fans, etc.). Luminaire configuration must allow for modular
upgradability and/or field repair of all electrical components (i.e. LED modules,
Driver(s), etc.). Drivers and vertical light bars must be all mounted to a twist-lock tool-
less assembly for ease of installation and trouble- shooting.

oo~

202 LIGHTING ACCESSORIES

A. All lighting shall be equipped with the appropriate housing for the ceiling type shown on the
architectural reflected ceiling plan.
1. GYP Ceilings —

a. 1'X4 2'X2’ & 2'X4’ Troffers: Provide flange kit or surface mount kit. If not
explicitly indicated on plan contractor shall price based on the more costly
product and submit an RFI to Engineer prior to purchase.

b. Downlights: Provide recessed housing and appropriate flange kit.

C. Strip lighting: Provide surface mount kit. In areas with ceiling heights
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2.03

greater than 10’ contractor shall provide chain suspension hardware.

d. Architectural linear fixtures: Where indicated as recessed contractor shall
provide flange kit or mud-in kit as required. If not explicitly indicated on
plan contractor shall price based on the more costly product and submit
an RFI to Engineer prior to purchase.

2. Grid Ceilings — Provide appropriate mounting hardware to recess fixtures into grid.

Fire ratings: Lighting in fire rated ceiling shall be equipped with fire padding, caulking,
and/or housings as required to maintain fire ratings. Contractor shall refer to architectural
plans for all fire ratings prior to bid.

Emergency battery backup and inverters:

1. Where remote battery backup is utilize contractor shall coordinate all remote test
switch locations with owner/architect prior to rough in. They shall not be located in
ceiling adjacent to fixture.

2. Where integral battery backup is utilized the fixture shall include self-diagnostics.
This shall not be required if specified fixture does not include a self-diagnostic
option.

3. Where an inverter is utilized contractor shall provide UL924 transfer devices in the
quantity required to accomplish control as shown on plans. Where inverter fixture
utilized line voltage dimming contractor shall notify engineer immediately prior to
bid.

OCCUPANCY SENSORS

A

Sensor shall be a self-contained dual voltage ceiling mounted device capable of directly
switching loads upon detection of human activity. Sensor must be circular, and mount to
either a single gang enclosure, or surface mount to a round pancake box.

Sensor must be rated for 120 through 277 VAC and be capable of switching zero to 1200
watts of electronic ballast loads. Sensors must be capable of parallel wiring for multi-
sensor applications.

Sensor time delay shall be factory set for typical applications, and field adjustable from 30
seconds to 20 minutes. Sensor must provide a green LED motion indicator. Red LED
denoting life safety shall not be permitted.

PIR sensing must utilize a high density Fresnel domed lens, providing a circular view
pattern of at least 360 degrees by 56 degrees.

E. Passive Dual Technology (PDT) sensing must incorporate PIR with Microphonics, which utilizes

a passive microphone with automatic gain control (AGC) to sense both occupants moving
and sounds. The PIR must be used to initiate an on condition, once on the PIR or
Microphonics shall keep the load on. After the time delay expires and the load goes off,
the Microphonics shall remain active up to 10 seconds as a back-up grace period.

Wall box mounted occupancy sensors shall mount in a standard utility box. Sensor shall
have self-contained relay (no power pack required), utilize PIR and microphonics
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detection, and include auto sensitivity adjustment. Wall box sensor shall be intrinsically
grounded and include ON/OFF switch and adjustable time delay.

G. Occupancy Sensor:

1. Ceiling mount for offices and restrooms — Lutron #LOS-CUS-1000-WH / PP-DV;
Wattstopper UT-305-2/BZ-50; Sensor Switch CM PDT9

2. Wall mount for offices, storage rooms, etc. — Lutron #MS+OPS6M-DV-color;
Wattstopper WD-170-FINISH; Sensor Switch WSX

3. Ceiling mount in large rooms — Lutron #L.OS-CDT-2000WH, with #PP-DV
universal power pack; Wattstopper DT-205 / BZ-50; Sensor Switch CM PDT10
with PP16

4. Wall/ceiling mount at end of corridors — Lutron #.OS-WIR-WH / PP-DV 1600'ft
coverage; Wattstopper CX-105 / BZ-50; Sensor Switch WV16 with PP16

S. Wall/ceiling mount at center of corridors — Watt Stopper #CX-100-3 series, with
#BZ-50 universal power pack; Sensor Switch WV16 with PP16

6. Room controllers — Wattstopper #.MRC-101; nLight #nPP 16

203 FIXTURES

A. Fixtures as described in the Fixture Schedule on the drawings shall be furnished by the
Contractor and shall be properly installed.

B. Where fixtures are specified with emergency remote test switches contractor shall
coordinate location of remote test switch with Owner/Architect prior to installation.

PART 3.00 EXECUTION
3.01  INSTALLATION

A. Unless otherwise specified, lighting fixtures shall be permanently installed and connected
to the wiring system.

B. The Contractor shall support each fixture, independently from the building structure.
Ceiling framing members shall not be used to support fixtures except in specified areas
where ceiling supports for this purpose have been specified elsewhere in these
specifications. Each fixture shall have at least two fixture supports.

C. Flexible conduit used for fixture whips shall be at least twelve (12) inches, but not more
than 48 inches long.

D. Site lighting poles shall include a foundation with @ minimum depth below grade of 8’. Those
located within parking areas shall extend from grade 3’ in pedestrian areas a reduction in
foundation height is permitted, refer to foundation drawings for specific pedestrian area
requirements.

3.02 CEILING COMPATIBILITY

A. Catalog numbers shown on the drawings or descriptions of lighting fixtures contained
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herein may indicate fixture compatibility with certain types of ceiling construction.
Contractor shall determine exact type of ceiling actually to be furnished in each area and
shall obtain fixtures to suit, deviation from specified catalogue numbers or descriptions
only where necessary and only to the extent necessary to insure fixture/ceiling
compatibility.

3.03 LIGHT LEAKS
A. The Contractor shall, at the end of this project, adjust all recessed lighting fixtures so that
there will be no light leaks between the fixture trim and the ceiling. Contractor shall also

adjust recessed fluorescent fixtures to eliminate any light leaks between fixture trim and
ceiling grid member.

3.04 LAMPS

A. The Contractor shall install lamps in all fixtures and shall obtain replacement lamps should
any not properly operate or become damaged during construction.

3.05 EXIT FIXTURES

A. Exit fixtures shall be installed according to Life Safety Code requirements, with face(s)
plainly visible and directional arrows indicating the proper direction of egress.

END OF SECTION
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