4l

SECTION 16123
. BUILDING WIRE AND CABLE
PART 1 GENERAL
This section includes building wire and cable with insulation rated 600 voits and less.
1.1 SECTION INCLUDES
Building wire and cable.

Nonmetallic-sheathed cable.
Underground feeder and branch circuit cable.

A
B.
o
D. Service entrance cable.
E
F
G

— Armored cable.
Metal clad cable.
Wiring connectors and connections.
1.2 RELATED SECTIONS
‘ A. Section 16111 - Conduit.

B. Section 16130 - Boxes.

C. Section 16195 - identification.
1.3 REFERENCES

A ANSI/NFPA 70 - National Electrical Code.
14 SUBMITTALS

A Submit under provisions of Section 01300.

B. Product Data: Provide for each cable assembly type.
C. Test Reports: Indicate procedures and values obtained.
D.

Manufacturer's Installation instructions: indicate application conditions and limitations of
use stipulated by product testing agency specified under Regulatory Requirements.

15 REGULATORY REQUIREMENTS
A Conform to requirements of ANSI/NFPA 70.
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B. Fumish products listed and classified by testing firm acceptable to auth havi
jurisdiction as sultable for purpose spectfied and shown, orlty having

1.6 FIELD SAMPLES
A Provide under provisions of Section 01400.
1.7 PROJECT CONDITIONS
A Verify that field measurements are as shown on Drawings.
B. Conductor sizes are based on copper.
C. Wire and cable routing shown on Drawings Is approximate unless dimensioned. Route wire
and cable as required to meet Project Conditions. Include wire and cabie lengths within
oflongth shown.

D. Where wire and cable routing is not shown, and destination only is indicated, determine
exact routing and lengths required.

1.8 COORDINATION
A Coordinate Work under provisions of Section 01039.
B. Determine required separation between cable and other work.
C. Determine cable routing to avoid interference with other work.
PART 2 PRODUCTS
21 MANUFACTURERS - BUILDING WIRE AND CABLE
A Pirelll Cable Corp.
B. Cablec/Anaconda
C. Okonite.
D. Substitutions: Under provisions of Section 01600.
22 BUILDING WIRE AND CABLE
A Sizes up to #6 AWG
1. Description: Single conductor insulated wire or multiconductor tray cable as
indicated.
2. Conductor:

3. Insulation Voltage Rating: 600 voits, 90°C.
4 Insulation: ANSI/NFPA 70, Type THHN/THWN.
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PART 3

3.1

3.2

33

B. Sizes #6 AWG and larger
1. Description: Single conductor stranded cable with a composite insulation of
EPR/Hypalon.
Conductor: Copper
Insulation Voitage Rating: 600 voits, 90°C.

ANSI/NFPA 70, Type RHH/RHW/USE/VW-1.
To be constructed per CEA Specification #568-516 and pass the IEEE 383 Flame
Test.

nhop

WIRING CONNECTORS

A Split Boit Connectors:
1. Burndy, Model Servit.
2. Ideal.
3. T&B.
4, Substitutions: Under provisions of Section 01600.

B. Solderless Pressure Connectors:
1. Burndy, Model Hydent.

. T&B.

. ideal.

2
3
4 Substitutions: Under provislons of Section 01600.

C. Spring Wire Connectors:
1. T&B.

2. Burndy.

3. Ideal.

4, Substitutions: Under provisions of Section 01600.

Compression Connectors:

1. T&B.

2, Burmndy.

3. Ideal.

4. Substitutions: Under provisions of Section 01600.

EXECUTION

EXAMINATION

A Verify that interior of building has been protected from weather.

B. Verify that mechanical work likely to damage wire and cable has been completed.

PREPARATION

A Completely and thoroughly swab raceway before installing wire.

WIRING METHODS

A Concealed Dry interior Locations: Use only building wire, Type THHN/THWN Insulation, in
raceway.

161233




34

E.

Exposed Interior Locations: Use only building wire, Type THHN/THWN Insulation, in
raceway, or tray rated cable, in cable tray where indicated. EPR/Hypalon shall be used for
wire larger than #6 AWG.

Exterior Locations:  Use only EPR/Hypalon cable, Type RHH/RHW/USE/VW-1 In
raceway.

Underground installations: Use only EPR/Hypalon cable, Type RHH/RHW/USE/VW-1 in
raceway.

Use wiring methods indicated on Drawings.

INSTALLATION

A

I © m m o O w

oz g r

Install products in accordance with manufacturers instructions.

Use solid conductor for feeders and branch circuits 10 AWG and smaller.

Use stranded conductors for control circuits.

Use conductor not smaller than 12 AWG for power and lighting circuits.

Use conductor not smaller than 14 AWG for control circuits.

Use 10 AWG conductors for 20 ampere, 120 voit branch circults longer than 75 feet.
Use 10 AWG conductors for 20 ampere, 277 voit branch circuits longer than 200 feet.
Pull all conductors into raceway at same time.

Use suitable wire pulling lubricant for bullding wire 4 AWG and larger.

Protect exposed cable from damage.

Support cables above accessible ceiling, using spring metal clips or plastic cable ties to
support cables from structure. Do not rest cable on celling panels.

Use sultable cable fittings and connecton.
Neatly train and lace wiring inside baxes, equipment, and panelboards.
Clean conductor surfaces before installing lugs and connectors.

Make splices,taps, and terminations to carry full ampacity of conductors with no perceptible
temperature rise.

Use spilt boit connectors for copper conductor splices and taps, 6 AWG and larger. Tape
:l:lnsumedconductorsand connector with electrical tape to 150 percent of insulation rating
conductor.

Use solderless pressure connectors with insulating covers for copper conductor splices and
taps, 8 AWG and smaller.
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3.5

3.6

R. Use insulated spring wire connectors with plastic caps for
taps, 10 AWG and smaller. copper conductor splices and

INTERFACE WITH OTHER PRODUCTS

A Identify wire and cable under provisions of Section 16195.

B. Identify each conductor with its circuit number or other designation indicated on Drawings.
FIELD QUALITY CONTROL

A Perform field inspection and testing under provisions of Section 16995.

B. Inspect wire and cable for physical damage and proper connection.

C. Measure tightness of bolted connections and compare tor
manufacturer’s recommended values. pa que measurements with

D. Verify continuity of each branch circuit conductor.
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PART 1

1.1

1.2

13

1.4

SECTION 16130
BOXES

GENERAL

This section includes wall and ceiling outlet boxes, floor boxes, pull and junction boxes.

SECTION INCLUDES

A Wall and celling outlet boxes.

B. Floor boxes.

C. Pull and junction boxes.

RELATED SECTIONS

A Section 16141 - Wiring Devices: Mounting heights of wiring device outlets.

B. Section 16160 - Cabinets and Enclosures.

C. Section 16180 - Equipment Wiring Systems.

D. Section 16721 - Fire Alarm System: Mounting height of fire alarm outlets.

REFERENCES

A ANSI/NEMA FB 1 - Fittings and Supports for Condult and Cable Assembilies.

B. ANSI/NEMA OS 1 - Sheet-steel Outlet Baxes, Device Boxes, Covers, and Box Supports.
C. ANSI/NEMA OS 2 - Nonmetallic Outiet Boxes, Device Boxes, Covers and Box Supports.
D. ANSI/NFPA 70 - National Electrical Code.

E. NEMA 250 - Enclosures for Electrical Equipment (1000 Voits Maximum).

PROJECT RECORD DOCUMENTS

A Submit under provisions of Section 01700.

B.  Accurately record actual locations and mounting heights of outiet, pull, and junction boxes.
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1.5 REGULATORY REQUIREMENTS
A. Conform to requirements of ANSI/NFPA 70.

B. Fumnish products listed and classified by testing firn acceptable to authority having
Jurisdiction as suitable for purpose specified and shown.

16 PROJECT CONDITIONS
A Verify field measurements are as shown on Drawings.

B. Electrical boxes are shown on Drawings In approximate locations unless dimensioned.
Install at location required for box to serve intended purpose. Include installation within 10
feet of location shown. Final location to be as directed by construction representative.

PART 2 PRODUCTS
21 QUTLET BOXES
A Sheet Metal Outlet Boxes: ANSI/NEMA OS 1, galvanized steel.

1. Luminaire and Equipment Supporting Boxes: Rated for weight of equipment
supported; Include 1/2 inch male fixture studs where required.
2 Concrete Ceiling Boxes: Concrete type. .

B. Nonmetallic Outiet Boxes: ANSI/NEMA OS 2.

C. Cast Boxes: NEMA FB 1, Type FD, cast feralloy. Provide gasketed cover by box
manufacturer. Provide threaded hubs.

2.2 PULL AND JUNCTION BOXES
A Sheet Metal Boxes: NEMA OS 1, galvanized steel.

B. Surface-Mounted Cast Metal Box: NEMA 250, Type 4; flat-langed, surface-mounted junction
box.
1. Material: Cast aluminum.
2. Cover: Fumish with ground flange, neoprene gasket, and stainless steel cover
screws.

C. In-Ground Cast Metal Bax: NEMA 250, Type 6, outside flanged, recessed cover box for
flush mounting.
1. Material: Cast aluminum.
2. Cover: Nonskid cover with neoprene gasket and stainless steel cover screws.
3. Cover Legend: As required.

A Fiberglass Handholes: Die-moided fiberglass handholes.

1. Cable Entrance: Pra-cut 6 x 6 Inch cable entrance at center bottom of each
side.
2 Cover: Fiberglass weatherproof cover with nonskid finish.
PART 3 EXECUTION
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3.1

INSTALLATION

A

» o v O Z EFr X & =

»

install electrical baxes as shown on Drawings, and as required for splices, taps, wire puiling,
equipment connections and compliance with regulatory requirements.

install electrical boxes to maintain headroom and to present neat mechanical appearance.
Install pull boxes and junction boxes above accessible cellings and in unfinished areas only.

Inaccessible Celling Areas: Install outlet and junction boxes no more than 6 inches from
celling access panel or from removable recessed luminaire.

Install boxes to preserve fire resistance rating of partitions and other elements.

Align adjacent wall-mounted outiet boxes for switches, thermostats, and similar devices with
each other.

Use flush mounting outiet boxes in finished areas.

Do not install flush mounting boxes back-to-back in walls; provide minimum 6 inch
separation. Provide minimum 24 inches separation in acoustic rated walls.

Secure flush mounting box to interior wall and partition studs. Accurately position to allow
for surface finish thickness. .

Use stamped steel bridges to fasten fiush mounting outlet box between studs.

Install flush mounting bax without damaging wall insulation or reducing its effectiveness.
Use adjustable steel channel fasteners for hung celling outiet box.

Do not fasten boxes to celling support wires.

Support boxes independently of conduk, except cast box that is connected to two rigid
metal conduits both supported within 12 inches of box.

Use gang box where more than one device is mounted together. Do not use sectional box.
Use gang baox with plaster ring for single device outiets.
Use cast outlet box in exterior locations and wet locations.

Use cast floor boxes for installations in slab on grade; formed steel boxes are acceptable
for other installations. :

Set floor boxes level.
Large Pull Boxes: Boxes larger than 100 cubic inches in volume or 12 inches in any
dimension.

1. interior Dry Locations:  Use hinged enclosure under provisions of Section 16160.
2. Other Locations: Use surface-mounted cast metal box.
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INTERFACE WITH OTHER PRODUCTS
A Coordinate installation of outlet box for equipment fumishad under Division 15

B. Coordinate locations and sizes of required access doors with Section 08305

C. Coordinate mounting heights and locations of outlets mounted abow
and backsplashes. e counters, benches

D. Position outlet boxes to locate luminaires as shown on plans.

ADJUSTING
A Adjust flush-mounting outlets to make front flush with finished wall material.

B. Install knockout closure in unused box opening.
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SECTION 16141
WIRING DEVICES

PART 1 GENERAL

This section includes wiring devices such as receptacles, wall switches and unit dimmers.
1.1 SECTION INCLUDES

A Wall switches.

B. Receptacles.

C. Device plates and decorative box covers.

1.2 RELATED SECTIONS
A Section 01630: Boxes.

13 REFERENCES
A NEMA WD 1 - General Purpose Wiring Devices
B. NEMA WD 6 - Wiring Device Configurations

14 SUBMITTALS
A Submit under provisions of Section 01300.
B. Product Data: Provide manufacturer’s catalog information showing dimenslons, colors, and
configurations.
1.5 REGULATORY REQUIREMENTS
A Conform to requirements of ANSI/NFPA 70.
B. Furnish products listed and classified by testing firm acceptable to authority having
jurisdiction as suitable for purpose specified and shown.
PART 2 PRODUCTS
21 WALL SWITCHES

A Double Pole Switch:
1. 15 amp, 120/227 VOLT.
2. Devices installed outdoors shall have a weatherproof cover.
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23

PART 3

3.1

3.2

3.3

RECEPTACLES
A Single Convenience Receptacle:

1. 15 AMP, 2 pole, 3 wire

2, 125 volt

3. Weatherproof receptacle plate (except in office areas).
B. Duplex Convenience Receptacle:

1. 20 AMP, 2 pole, 3 wire.

2. 125 Voit.
3. Weatherproof receptacle plate (except in office areas).

WALL PLATES
A Decorative Cover Plate: Smooth stainless steel for service and control rooms.

B. Weatherproof Cover Plate: Cast metal or zinc coated sheet steel with rounded or bevelled
edges.

EXECUTION

EXAMINATION

A. Verify outlet boxes are installed at proper height.

B. Verify wall openings are neatly cut and will be completely covered by wall plates.

C. Verify branch circult wiring installation is completed, tested, and ready for connection to
wiring devices.

PREPARATION

A Provide extension rings to bring outiet boxes flush with finished surface.

B. Clean debris from outlet boxes.

INSTALLATION

A Install products in accordance with manufacturer's instructions.

Install devices plumb and level.

Install switches with OFF position down.

Do not share neutral conductor on load side of dimmers.

Install receptacies with grounding pole on bottom.

Connect wiring device grounding terminal to branch circuit equipment grounding conductor.

® " m o 0 ®

Connect wiring devices by wrapping conductor around screw terminal.
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3.4

35

H. Use jumbo size plates for outlets Installed in masonry walls.

I ::;::I;s m&:efﬁﬁx::gﬁom: aongu]:tﬂ:tion boxes in unfinished areas, above

J. Install weatherproof receptacles horizontally.

FIELD QUALITY CONTROL

A Inspect each wiring device for defects.

B Operate each wall switch with circult energized and verify proper operation.

C. Verify that each receptacle device is energized.

D Test each receptacle device for proper polarity as described in Section 16995,

ADJUSTING ~
A Adjust devices and wall plates to be flush and level.
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PART 1

1.1

1.2

1.3

1.4

1.5

SECTION 16160

CABINETS AND ENCLOSURES - INDOOR

GENERAL

This section includes metal cabinets and enclosures used for enclosing terminal blocks and

electrical devices. Hinged cover enclosures specified in this section may also be used as large

pullboxes.

SECTION INCLUDES

A Hinged cover enclosures.

B. Cabinets.

C. Terminal blocks.

D. Accessories.

RELATED SECTIONS

A Section 16190 - Supporting Devices.

REFERENCES

A NEMA 250 - Enclosures for Electrical Equipment (1000 Voits Maximum).

B. NEMA ICS 4 - Terminal Blocks for Industrial Control Equipment and Systems.

C. ANSI/NFPA 70 - National Electrical Code.

SUBMITTALS

A Submit under provisions of Section 01300.

B. Product Data: Provide manufacturer's standard data for enclosures and cabinets.

C. Manufacturer’s Instructions: Indicate application conditions and limitations of use stipulated
by Product testing agency specified under Regulatory Requirements. Include Instructions
for storage, handling, protection, examination, preparation, installation, and starting of
Product.

REGULATORY REQUIREMENTS

A Conform to requirements of ANSI/NFPA 70.

B. Fumish products listed and classified by testing fim acceptable to authority having
Jurisdiction as sultable for purpose specified and shown.
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PART 2

21

22

23

EXTRA MATERIALS

A Fumnish under provisions of Section 01700.

B. Provide two extra sets of each cabinet key at completion of work.
PRODUCTS

MANUFACTURERS

A Hoffman.

B Spring City

C. Square D.

D Substitutions: Under provisions of Section 01600.

~

HINGED COVER ENCLOSURES

A Construction; NEMA 250, Type 4 steel enciosure.

B. Covers: Continuous hinge, held closed by flush latch operable by screwdriver. Provide
hasp and staple for padlock.

C. Provide interior metal panel for mounting terminal blocks and electrical components; finish
with white enamel.

D. Enclosure Finish: Manufacturer's standard enamel.

CABINETS

A Boxes: Galvanized steel.

B. Box Size: As indicated on project drawings. -

C. Fronts: Steel, surface type with concealed trim clamps, concealed hinge, and flush lock.
Finish with vendors standard finish.

D. Knockouts: As indicated on drawings.

E. vauenvetalbam“tosepamcompamnemaomhlngommmmopamhgatlm
than 50 voits from power wiring.

F. Provide accessory feet for free-standing equipment.
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24 TERMINAL BLOCKS
A Manufacturers:
1. Allen Bradley.
2. Phoenix.
3. Weid Muller.
4 Substitutions: Under provisions of Section 01600,
B. Terminal Blocks: ANSI/NEMA ICS 4.

C. Power Terminals: Unit construction type with closed back and tubular pressure screw
connectors, rated 600 voits.

D. Signal and Control Terminals: Modular construction type, suitable for channel mounting,
with tubular pressure screw connectors, rated 300 voits.

E. Provide ground bus terminal block, with each connector bonded to enclosure.

25 ACCESSORIES

A Plastic Raceway:

1. Panduit.

2. Hoffman.

3. Taylor.
PART 3 EXECUTION

31 EXAMINATION
A Verify conditions under provisions of Section 01039.
B. Verify that surfaces are ready to receive Work.
3.2 INSTALLATION
A Install Products in accordance with manufacturer's Instructions and per pro]ect drawings.

B. Install enclosures and boxes plumb. Anchor securely to wall and structural supports at
each comer.

C. Install cabinet fronts plumb.
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PART 1

1.1

1.2

1.3

1.4

1.5

1.6

SECTION 16161

CABINETS AND ENCLOSURES - OUTDOOR PAD MOUNTED

GENERAL

This section includes metal cabinets and enclosures used for enclosing terminal biocks and
electrical devices in an outdoor environment.

SECTION INCLUDES

A Single door outdoor enclosures

B. Terminal blocks.

C. Accessories.

RELATED SECTIONS

A Section 03300 - Cast-in-place concrete

REFERENCES

A NEMA 250 - Enclosures for Electrical Equipment (1000 Voits Maximum).

B. NEMA ICS 4 - Terminal Blocks for Industrial Control Equipment and Systems.

C. ANSI/NFPA 70 - National Electrical Code.

SUBMITTALS

A Submit under provisions of Section 01300.

B. Product Data: Provide manufacturer's standard data for enclosures and cabinets.

C. Manufacturer’s instructions: Indicate application conditions and limitations of use stipulated
by Product testing agency specified under Regulatory Requirements. Include instructions
for storage, handling, protection, examination, preparation, installation, and starting of
Product.

REGULATORY REQUIREMENTS

A Conform to requirements of ANSI/NFPA 70.

B. Fumish products listed and classified by testing firm acceptable to authority having
jurisdiction as sultable for purpose specified and shown.

EXTRA MATERIALS

A Fumish under provisions of Section 01700.
B. Provide two extra sets of each cabinet key at completion of work.
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PART 2

2.1

22

2.3

2.4

PRODUCTS
MANUFACTURERS
A Hennessy or Equal
B. Substitutions: Under provisions of Section 01600.
OUTDOOR
A Hennessy or Equal

SINGLE DOOR OUTDOOR ENCLOSURES

A Construction: NEMA 250, Type 4 aluminum.

B. Door 1 continuous hinge, held closed by 2-point draw roller latch with operating handle.
Provide provisions for padiocking handle in closed position. Door opening shall be double
flanged on all (4) sides. Door restraint shall be provided. Door gasket shall satisfy UL508
Table 21:1 requirements.

C. Provide interior metal panel for mounting terminal blocks and electrical components; finish
with white enamel.

D. Enclosure Finish: Manufacturer's standard enamel.

E. Provide metal barriers to separate compartments containing control wiring operating at less
than 50 volts from power wiring.

F. Provide reinforced base plate for mounting to PAD.

TERMINAL BLOCKS

A Manutacturers:

1. Allen Bradley.

2. Phoenbc.

3 Weid Muller.

4 Substitutions: Under provisions of Section 01600.

B. Terminal Blocks: ANSI/NEMA ICS 4.

C. Power Terminals: Unit construction type with closed back and tubular pressure screw
connectors, rated 600 volts.

D. Signal and Control Terminals: Modular construction type, suitable for channel mounting,
with tubular pressure screw connectors, rated 300 volts.

E. Provide ground bus terminal biock, with each connector bonded to enclosure.
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PART 3

3.1

3.2

ACCESSORIES

A Plastic Raceway:
1. Panduit.
2. Hoffman.
3. Taylor.
EXECUTION

EXAMINATION
A Verify conditions under provisions of Section 01039.

B. Verify that surfaces are ready to receive Work.

INSTALLATION

A Install Products in accordance with manufacturer’s instructions and per project drawings.

B. Install enclosures and boxes plumb. Anchor securely to wall and structural supports at
each comer.

C. Install cabinet fronts plumb.
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SECTION 16170

GROUNDING AND BONDING

PART 1 GENERAL

This section includes basic materials and methods for grounding and bonding electrical systems,
building structure and finishes, and pipings systems.

1.1 SECTION INCLUDES
A. Grounding electrodes and conductors.
B. Equipment grounding conductors.
C. Bonding.
1.2 RELATED SECTIONS
A Section 02781 - Site Grounding
B. Section 03200 - Concrete Reinforcement.

C. Section 03300 - Cast-In-Place Concrete.

1.3 REFERENCES

A.  ANSI/NFPA 70 - Natlonal Electrical Code.

1.4 GROUNDING ELECTRODE SYSTEM
Metal underground water pipe.

Metal frame of the building.

A.

B

C. Concrete-encased electrode.

D Ground ring specified in Section 02781.
E

Metal underground gas piping system.

m

Rod electrode.
G. Plate electrode.

H. Active electrode.
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1.5

1.6

1.7

1.8

1.9

PART 2

2.1

22

PERFORMANCE REQUIREMENTS

A Grounding System Resistance: 5 ohms.

SUBMITTALS

A Submit under provisions of Section 01300.

B Product Data: Provide data for grounding electrodes and connections.

C. Test Reports: Indicate overall resistance to ground. Per requirements in 16995.
D

Manufacturer's Instructions:  Include instructions for storage, handling, protection,
examination, preparation and installation of exothermic connectors.

PROJECT RECORD DOCUMENTS
A Submit under provisions of Section 01700.

B. Accurately record actual locations of grounding electrodes. ~
QUALIFICATIONS
A. Manufacturer: Company specializing in manufacturing Products specified in this Section.
REGULATORY REQUIREMENTS
A. Conform to requirements of ANSI/NFPA 70.
B. Furnish products listed and classified by testing firm acceptable to authority having

jurisdiction as suitable for purpose specified and shown.

PRODUCTS
ROD ELECTRODE

~

A Manufacturers:

Blackbumn
Substitutions: Under provisions of Section 01600.

PON=

B. Material: Copper-clad steel.
C.  Diameter: 3/4 inch.

D.  Length: 10 feet

ACTIVE ELECTRODES

A Active electrodes are not to be used.
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25

PART 3

3.1

3.2

MECHANICAL CONNECTORS
A Manufacturers:
1. Bumdy
2 T&B
3. Substitutions: Under provisions of Section 01600.
B. Material: Bronze.
EXOTHERMIC CONNECTIONS
A Manufacturers:
1. Cadweld or equal.
2. Substitutions: Under provisions of Section 01600.
WIRE
A Material: Stranded copper.
B. Foundation Electrodes: 2/0 AWG.
C. Grounding Electrode Conductor: Size to meet NFPA 70 requirements.
EXECUTION
EXAMINATION
A Verify that final backfill and compaction has been completed before driving rod electrodes.
INSTALLATION
A Install Products in accordance with manufacturer’s instructions.
B. Install rod electrodes at locations indicated. Install additional rod electrodes as required to
achieve specified resistance to ground.
C. Provide grounding well pipe with cover at rod locations where indicated. Install well pipe
top flush with finished grade.
D. Provide grounding electrode conductor and connect to reinforcing steel in foundation
footing. Bond steel together.
E. Provide bonding to meet Regulatory Requirements.
F. Bond together metal siding not attached to grounded structure; bond to ground.
G. Bond together reinforcing steel and metal accessories in structures.
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3.3

3.4

H. Bond together each metallic raceway, pipe, duct and other ofoct entsring, Uso o
(2) AWG bare copper conductor. metal

l. Provide isolated grounding conductor where Indicated.

J. Equipment Grounding Conductor: Provide separate, insulated conductor within sach
feeder and branch circult raceway. Terminate each end on suitable lug, bus, or bushing.

K. Use exothermic connectons only in non-hazardous areas. Areas to be grounded shall be
checked with a portabled combustion analyzer prior to start of work.

INTERFACE WITH OTHER PRODUCTS

A. Interface with site grounding system installed under Section 02781.

FIELD QUALITY CONTROL

A Inspect grounding and bonding system conductors and connections for tightness and
proper installation.

B. Test per Section 16995.
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PART 1

1.1

1.2

1.3

PART 2

2.1

PART 3

SECTION 16180

EQUIPMENT WIRING SYSTEMS

GENERAL

This section includes wiring connections to utilization and control equipment specified under other
sections.

WORK INCLUDED

A Electrical connections to equipment specified under other sections.
RELATED WORK

A Section 16111 - Conduit

B. Section 16120 - Wire and Cable

C. Section 16130 - Boxes

REFERENCES
A FS W-C-596 - Electrical Power Connector, Plug, Receptor, and Cable Outlet.
B. NEMA WD 1 - General Purpose Wiring Devices.

C. NEMA WD 5 - Specific-Purpose Wiring Devices.

PRODUCTS

CORDS AND CAPS

A Straight-blade Attachment Plug: NEMA WD 1. FS W-C-596.
B. Locking-blade Attachment Plug - NEMA WD 5.

C. Attachment Plug Configuration: Match receptacie configuration at outiet provided for
equipment.

D. Cord Construction: Oll-resistant thermoset insulated Type SOOW multiconductor flexible
cord with identified equipment grounding conductor, suitable for extra hard usage in damp
locations.

E. Cord Size: Sultable for connected load of equipment and rating of branch circult
overcurrent protection.

EXECUTION
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3.1

3.2

33

3.4

35

EXAMINATION

A Verify that equipment is ready for electrical connection, wiring, and energization.

PREPARATION

installation and electrical -

A Review equipment submittals prior to rough-in. Verify location,
size, and type of connections. Coordinate detalls of equipment connections with supplier
and installer.

INSTALLATION

A Use wire and cable with insulation suitable for temperatures encountered in heat-producing
equipment.

B. Make conduit connections to equipment using liquid-tight flexible conduit. Provide external
grounding jumper where required.

C. Provide suitable strain-relief clamps for cord connections to outlet boxes and equipment
connection boxes.

D. Make wiring connections in control panel or in wiring compartment of pre-wired equipment
in accordance with manufacturer's instructions. Provide Interconnecting wiring where
indicated.

E. Install disconnect switches, controllers, control stations, and control devices such as limit
switches and temperature switches as indicated. Connect with condult and wiring as
indicated.

F. Bond together reinforcing steel and metal accessories in structures.

G. Bond together each metallic raceway, pipe, duct and other metal object entering. Use 2
AWG bare copper conductor.

H. Provide isolated grounding conductor where indicated.

Equipment Grounding Conductor: Provide separate, insulated conductor within each feeder
and branch circuit raceway. Terminate each end on suitable lug, bus, or bushing.

Use exothermic connections only in non-hazardous areas. Areas to be grounded shall be
checked with a portabled combustion analyzer prior to start of work.

INTERFACE WITH OTHER PRODUCTS

A. Interface with site grounding sstem installed under Section 02781.

FIELD QUALITY CONTROL

A Inspect grounding and bonding system conductors and connections for tightness and
proper instaiation.

B. Test per Section 16995,
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SECTION 16190

SUPPORTING DEVICES

PART 1 GENERAL
This section includes straps, clamps, steel channel, and fastening hardware for supporting electrical work.
The Contractor shall cut, fabricate, and weid all steel brackets, hangers, platforms, and supports required
for the installation of this work. Typical detalls shown on the Plans are not to be construed as working or
shop drawings. They merely indicate methods, sizes and types of steel. The Contractor shall determine
actual dimensions and quantities as the work progresses.
11 WORK INCLUDED

A Conduit and equipment supports.

B. Fastening hardware.
1.2 QUALITY ASSURANCE

A Support systems shall be adequate for weight of equipment and condutt, including wiring,
which they carry.

PART 2 PRODUCTS
2.1 MATERIAL
A Support Channel: Galvanized or painted steel.
B. Hardware: Corrosion resistant.
C. Outdoor Installation: Hot-dipped galvanized steel.
PART 3 EXECUTION
3.1 INSTALLATION

A Fasten hanger rods, conduit clamps , and outlet and junction boxes to buiding structure
as needed.

B. Use toggle boits or holiow wall fasteners in hollow masonry, and walls, expansion anchors
or preset inserts in solid masonry walls, self-drilling anchors or expansion anchor on
concrete surfaces; and sheet metal screws In sheet metal studs.

C. Do not fasten supports to piping, ductwork, mechanical equipment, or conduit

D. Fabricate supports from structural steel or steel channel, rigidly welded or bolted to present
a neat appearance. Use hexagon head bolts with spring lock washers under all nuts.

E. In wet locations, install free-standing electrical equipment on concrete pads.
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Install surface-mounted cabinets and panel boards with minimum of four anchors
Obtain permission from Architect/Engineer before using powder-actuated anchors.
Obtain permission from Architect/Engineer before drilling or cutting structural members

In wet and damp locations, use steel channei supports to
one (1) inch (25 mrm) of vl stand cabinets and panel boards
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SECTION 16195
. ELECTRICAL IDENTIFICATION

PART 1 GENERAL

This section includes field-installed namepiates, labeling and identtfication methods for electrical
equipment, components, and wiring.

11 SECTION INCLUDES

A Nameplates and labels.

B. Wire and cable markers.

C. Conduit markers.

1.2 RELATED SECTIONS
A Section 09900 - Painting.
13 REFERENCES
A ANSI/NFPA 70 - National Electrical Code.
14 SUBMITTALS
‘ A Submit under provisions of Section 01300.

B.  Product Data: Provide catalog data for nameplates, labels, and markers.

C. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated
by Product testing agency specified under regulatory requirements. Include instructions for
storage, handling, protection, examination, preparation and installation of Product.

1.5 REGULATORY REQUIREMENTS
A. Conform to requirements of ANSI/NFPA 70.

B. Fumish products listed and classified by testing firm acceptable to authority having
jurisdiction as suitable for purpose specified and shown.

16 EXTRA MATERIALS

A Fumish under provisions of Section 01700.

PART 2 PRODUCTS
21 NAMEPLATES AND LABELS

A Nameplates: Engraved three-layer laminated plastic, black letters on white background.

‘ 16195-1




2.2

23

Unless indicated otherwise on project drawings.

B. Locations:
1. Motor control centers.
2. Field push button station, control stations, and pilot devices.
3. Field instruments.
4, Transformers.
5. Power, lighting and instrument panel boards.
6. Relay cabinets and programmable controllers.
C. Letter Size:
1. Use 3/16 inch letters.
D. Labels: Embossed adhesive tape, with 3/16 inch white letters on black background. Use
only for identification of individual wall switches and receptacies.
WIRE MARKERS
A. Manufacturers:
1. T & B or computer generated self-laminating.
2. Substitutions: Under provisions of Section 01600.
B. Description: self4aminating type wire markers.
C. Locations: Each conductor at panel board gutters, pull boxes, outlet and junction boxes,
and each load connection.
D. Legend:
1. Power and Lighting Circuits: Branch circuit or feeder number indicated on
drawings.
2. Control Circults: Control wire number indicated on schematic and interconnection
diagrams on drawings.
CONDUIT MARKERS
A Manufacturers:
1. Brady
2. T&B
3 Seton
4 Substitutions: Under provisions of Section 01600.
B. Description:
C. Location: Fumish markers for each conduit longer than 6 feet.
D. Spacing: 20 feet on center.
E. Color:
1. 480 Vot System: Black on orange.
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208 Voit System: Black on orange.

Fire Alarm System: Red.

Telephone System: Black on orange.
Controt System: Blue on white.

480 Voit System: 480 Voit

208 Voit System: 208 Voit

Fire Alarm System: Fire
Telephone System: Telephone
Control System: Controls

m
."'P.‘*’.’".“g ObhwN

24 ELECTRICAL AND INSTRUMENT ENCLOSURE NAMEPLATES

Electrical and instrument enclosures and panels containing more than one extemal voltage source in
addition to the name and number of the enclosure and panel shall be fumished and instalied with the
following red lamacoid (plastic) engraved nameplate, letters shall be white and not less than 1 /2 inch high.

CAUTION

ENERGIZED FROM MORE THAN
ONE SOURCE.

in addition to the labeling described herein, provide and locate adjacent to each current transformer red
lamacoid (plastic) engraved namepiate, with white letters not less than 1/2 inch high that reads as follows:

DANGER ~
DO NOT OPEN CIRCUIT UNLESS CURRENT
TRANSFORMER IS DE-ENERGIZED OR SHORT
CIRCUITED.

in addition to the labeling described herein, disconnect switches and outlets connected to standby power
shall be provided with a yellow lamacoid (plastic) engraved nameplate with black letters not less than 3/8
inch high that reads as follows:

STANDBY POWER

16195-3



ALTERNATE SUPPLY

MAIN SUPPLY

MCC... MCC...
SOURCE | SOURCE |
— S T —

Disconnect switches of vital equipment such as UPS MAIN and ALTERNATE power sources shall be
furnished and installed with the following red lamacoid (plastic) engraved nameplate. Letters shall be white
and not less than 1/2 inch high.

In the event that a UPS unit has more than one panel board, identify the UPS circuit breaker that feeds the
panel boards. Similarly, the panel board must identify the circult breaker which controls its power.

Lamacoid nameplates shall be installed directly on or adjacent to the front of the equipment being identified,
and be secured by a method that does not alter the strength or environmental integrity of the equipment.
Self-tapping screws shall be of the blunt point type.

Toindicate rotation, apply black on orange factory printed arrows manufactured by Brady Industries, Catalog
#93262, on drive end of motors.

Covers of pull boxes and junction boxes containing single and/or three phase conductors over 120 voits
shall be conspicuously labeled to indicate source (sources) and load (loads) of the circults within the box.
Labels shall be made by using 3/4 inch wide orange 3M Company Scotch or Dymo labeling toof and tape.
If boxes contain conductors over 600 voits, a separate and distinct, minimum 2 inch letters, “High Voitage®
sign shall be secured to the box cover.

When two or more switchgear compartments are secured together in a line, the rear covers shall be labeled
with the same information that is shown on the front of the compartments. Labeis shall be made by using
3/4 inch wide orange 3M Company Scotch or Dymo labeling tool and tape.

Contractor shall apply Dymo type labels within starter enclosures that indicate the thermal element size,
catalog number and date installed. in addition, he shall provide customer with an 8-1/2 inch x 11 inch
tabulation sheet that indicates the same information prior to start-up schedule. The tabulation sheet shall
also show the horsepower, and motor function.

25 UNDERGROUND CABLE MARKING

A Manufacturers:

1. Seton
2. T&B
3. Stranco

4 Substitutions: Under provisions of Section 01600.
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PART 3

3.1

3.2

> Sﬁﬂﬁ?ﬁmﬁﬂ :::::;um plastic tape. colored red with sutable waring legend
EXECUTION

PREPARATION

A Degrease and clean surfaces to receive adhesive-backed nameplates and labels,

APPLICATION

A Install nameplate and label parallel to equipment lines.

B. Secure nameplate to equipment front using screws, rivets, or adhesive.

C. Secure nameplate to inside surface of door on panelboard that is recessed in finished
locations.

D. Identify conduit with condult markers. _

E. Identify each conduit longer than 6 feet.

F. Place identification 20 feet on center.

G. Identify underground conduits using underground waming tape. Ins;all one tape per trench

at 3 inches below finished grade.
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SECTION 16421
' UTILITY SERVICE ENTRANCE

PART 1 GENERAL

1.1 SECTION INCLUDES

A Arrangement with Utility Company for permanent electric service, including payment of
Utilty Company charges for service.

B. Overhead or Underground Vault service entrance. Refer to Single-Line Diagram.
C. Metering equipment.
1.2 RELATED SECTIONS
Section 02222 - Excavating.

Section 02223 - Backfiling.

A
B
C. Section 02225 - Trenching.
D Section 03300 - Cast-in-Place Concrete: Transformer pads.
E Section 16111 - Conduit.
F Section 16170 - Grounding and Bonding.
1.3 REFERENCES
A ANSI/NFPA 70 - National Electrical Code.
1.4 SYSTEM DESCRIPTION
A Utility Company: Indiana-Michigan Electric, (219) 293-0661.
B. System Characteristics: Refer to single line for voltage, and amperage.
1.5 SUBMITTALS
A Submit under provisions of Section 01300.
B. Submit Utility Company prepared drawings.
1.6 QUALITY ASSURANCE
A Perform work In accordance with Utility Company written requirements.

B. Maintain two (2) coples of each document on site.
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1.7

1.8

19

PART 2

2.1

2.2

2.3

PART 3

3.1

REGULATORY REQUIREMENTS

A Conform to requirements of ANSI/NFPA 70.

B. Fumnish products listed and classified by testing firm acceptable to aut having
jurisdiction as suitable for purpose specified and shown, hority

PRE-INSTALLATION CONFERENCE

A Convene one (1) week prior to commencing work of this Section, under provisions of
Section 01039.

FIELD MEASUREMENTS
A Verify that field measurements are as indicated on Utility Company drawings.

PRODUCTS
'
UTILITY METERS
A Meters will be furnished by Utliity Company.
UTILITY METER BASE
A Manufacturers:
1. Superior Anchor. :
2 Durham. g
3. Milbank.
4. Substitutions: Under provisions of Section 01600.
METERING TRANSFORMER CABINET
A Manufacturers:
1. Superior Anchor.
2. Durham.
3. Mibank.
4 Substitutions: Under provisions of Section 01600.
B. include provisions for padiocking and sealing.
EXECUTION
EXAMINATION

A Verify conditions under provisions of Section 01039.

B. Verify that service equipment is ready to be connected and energized.

16421-2



‘ 3.2 PREPARATION

A. Make arrangements with Utility Company to obtain permanent electric service to the
Project.

B. Coordinate location of Utility Company’s facllities to ensure proper access is available.
3.3 INSTALLATION

A Overhead.
1. install service rack and weatherhead at height as required by Utility Company.

Utility Company will connect service drop to service entrance
drip loop In service conductors. conductors. Provide

B. Underground.
1. Install service entrance conduits in concrete envelope from
\ pr line Util
Company's manhole, Utiity Company’s terminal pole, Utc;pn;nyCompan\Ir't:
pad-mounted transformer to building service entrance equipment. Utility Company
will connect service lateral conductors to service entrance conductors. Connect
service lateral conductors to service entrance conductors. -

2. Provide cast-in-place concrete pad for Utility Company tran
provisions of Section 03300. pany transformer, under the
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SECTION 16441
. ENCLOSED SWITCHES

PART 1 GENERAL

This section includes enclosed safety switches for use as feeder and branch circuit switching, and
disconnect switches for motors and equipment.

1.1 SECTION INCLUDES

A Fusible switches.

B. Nonfusible switches.

C. Fuses.
1.2 REFERENCES

A NEMA Type HD - Disconnect switches.
NEMA KS 1 - Enclosed switches
NFPA 70 - National Electrical Code.

UL 198C - High-interrupting Capacity Fuses; Current Limiting Type.

m o O

UL 198E - Class R Fuses

1.3 SUBMITTALS
A Submit under provisions of Section 01300.

B. Product Data: Provide switch ratings and enclosure dimensions.

1.4 QUALITY ASSURANCE
A. Perform Work in accordance with NECA Standard of Installation.

1.5 REGULATORY REQUIREMENTS
A Conform to requirements of NFPA 70.
1.6 EXTRA MATERIALS
A Furnish under provisions of Section 01700.
B. Provide two sets of each size and type fuse installed.
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PART 2

21

2.2

23

PART 3

3.1

PRODUCTS

MANUFACTURERS

A Square D

B. Allen Bradley

C. General Electric ,

D. Substitutions: Under provisions of Section 01600.

ENCLOSED SWITCHES

A Fusible Switch Assemblies: NEMA KS 1, Type HD load interrupter enclosed knife switch with
externally operable handle interlocked to prevent opening front cover with switch in ON
position. Handle lockable in OFF position. Fuse clips: Designed to accommodate Class
R fuses.

B. Nonfusible Switch Assemblies: NEMA KS 1, Type HD load interrupter enclosed knife switch
with externally operable handle interlocked to prevent opening front cover with switch in ON
position. Handle lockable in OFF position.

C. Enclosures: NEMA KS 1.

1. Interior Dry Locations: Type 1.
2. Exterior Locations: Type 4.
FUSES
A Manufacturers:
1. Bussman Model: Low-Peak
2. Substitutions: Under provisions of Section 01600.

B. Description: Dual element, current limiting, time delay, one-time fuse, 600 volt, UL 198E,
Class RK 1.

C. Interrupting Rating: 200,000 rms amperes.

EXECUTION

INSTALLATION

A Install disconnect switches where indicated.

B. Install fuses in fusible disconnect switches.

C. Provide adhesive label on inside door of each switch indicating UL fuse class and size for
replacement.

D. Provide labeis per 16195,
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SECTION 16461

DRY TYPE TRANSFORMERS

PART 1 GENERAL

This section Iincludes enclosed dry type transformers rated 600 voits and less, sizes 0.25 kVA
through 500 kVA.

11 SECTION INCLUDES
A Dry type two winding transformers.
B. Dry type isolation transformers.
C. Transformer Distribution Center.
1.2 RELATED SECTIONS
A Section 16111 - Condult: Flexible condult connections.
B. Section 16170 - Grounding and Bonding.
C. Section 16190 - Supporting Devices.
1.3 REFERENCES
A NEMA ST 1 - Speclalty Transformers
B. NEMA ST 20 - Dry Type Transformers for General Applications.
C. NFPA 70 - National Electrical Code.
1.4 SUBMITTALS
A Submit under provisions of Section 01300.
B.  ProductData: Provide outiine and support point dimensions of enclosures and accessories,
unit weight, voltage, KVA, and impedance ratings and characteristics, tap configurations,
insulation system type, and rated temperature rise.

C. Test Reports: Indicate loss data, efficiency at 25, 50, 75 and 100 percent rated load, and
sound level.

D. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated

by Product testing agency specified under Regulatory Requirements. Include instructions

f:fmdmm. handling, protection, examination, preparation, installation, and starting of
uct.

E. Manufacturer's Certificate: Certify that Products meet or exceed specified requirements.
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1.5

1.6

1.7

1.8

PART 2

2.1

QUALITY ASSURANCE '
A Perform Work in accordance with NECA Standard of Installation,

B. Maintain one copy of each document on site.

QUALIFICATIONS

A Manufacturer: Company speclalizing in manufacturing Products specified in this Section
with minimum three years documented experience.

REGULATORY REQUIREMENTS
A Conform to requirements of NFPA 70.

B. Furnish products listed and classified by testing firm acceptable to authority having
jurisdiction as suitable for purpose specified and shown.

DELIVERY, STORAGE, AND HANDLING

A Store, protect, and handle products to site under provisions of Section 01600.

B Deliver transformers individually wrapped for protection and mounted on shipping skids.

C. Accept transformers on site. Inspect for damage.

D Store in a clean, dry space. Maintain factory wrapping or provide an additional heavy
tc;rf}ly:s or heavy plastic cover to protect units from dirt, water, construction debris, and

E. Handle in accordance with manufacturer's written instructions. Lift only with lugs provided

for the purpose. Handle carefully to avoid damage to transformer Intemal components,
enclosure, and finish.

PRODUCTS
TWO-WINDING TRANSFORMERS
A Manufacturers:

1. GE

2. Square D

3. Substitutions: Under provisions of Section 01600.

B. Description: NEMA ST 20, factory-assembled, air cooled dry type transformers, ratings as
indicated.

C. Insulation system and average winding temperature rise for rated KVA as follows:
1. 1-15 KVA: Class 185 with 80 degrees C rise.
2. 16-500 KVA: Class 220 with 115 degrees C rise.

D. Case temperature: Do not exceed 35 degrees C rise above ambient at warmest point.
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PART 3

3.1

3.2

3.3

E. Winding Ta

1. gTragﬁzsformers Less than 15 KVA: Two § percent below rated voitage, full capacity
taps on primary winding.

2. Transformers 15 KVA and Larger: NEMA ST 20.

F. Sound Levels: NEMA ST 20.

G. Basic Impuise Level: 10 KV for transformers less than 300 KVA, 30 KV for transformers 300
KVA and larger.

H. Ground core and coil assembly to enclosure by means of a visible flexible copper
grounding strap.

I Mounting: Suitable for wall or floor mounting, except transformers larger than 75 KVA,
suitable for floor mounting.

dJ. Coil Conductors: Continuous windings with terminations brazed or welded.

K Enclosure: NEMA ST 20; Type 1 ventilated. Provide lifting eyes or brackets.

L Isolate core and coll from enclosure using vibration-absorbing mounts.

M. Nameplate: Include transformer connection data and overlcad capaclty based on rated
allowable temperature rise.
EXECUTION

EXAMINATION

A Verify condition under provisions of Section 01039.

B. Verify that surfaces are suitable for installing transformer supports.

PREPARATION

A Provide concrete pad under provisions of Section 03300, where indicated on drawings.

INSTALLATION

A Install Products in accordance with manufacturer’s instructions.

B. Set transformer plumb and level.

C. Use flexible conduit, under the provisions of Section 16111, 2 ft (0.6 M) minimum length,
for connections to transformer case. Make condult connections to side panel of enclosure.

D. Mount transformers on vibration Isolating pads suitable for Isolating the transformer noise
from the building structure.

E. Provide seismic restraints.
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Provide grounding and bonding in accordance with Section 16170,

® F
3.4 FIELD QUALITY CONTROL

A Fleld inspection and testing will be performed under provisions of Sections 01400 and
016995.

B. Check for damage and tight connections prior to energizing transformer.

C. Measure primary and secondary voltages and make appropriate tap adjustments.
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PART 1

1.1

1.2

1.3

14

SECTION 16470

PANELBOARDS

GENERAL

This section includes circult breaker and fused switch type distribution panelboards, including those
with motor controller branches; circuit breaker type lighting and appliance branch circuit
panelboards; and circuit breaker load centers.

SECTION INCLUDES

A Distribution panelboards.

B. Branch circuit panelboards.

C. Load centers.

RELATED WORK

A Section 16190 - Supporting Devices.

B. Section 16195 - Electrical Identification: Engraved nameplates.
REFERENCES

A NECA (National Electrical Contractors Association) “Standard of Installation."
B NEMA AB 1 - Molded Case Circuit Breakers.

C. NEMA ICS 2 - Industrical Control Devices, Controllers, and Assembilies.
D NEMA KS 1 - Enclosed Switches.

E NEMA PB 1 - Panelboards.

F. NEMA PB 1.1 - Instructions for Safe Installation, Operation and Maintenance of Panelboards
Rated 600 Voits or Less.

G. NFPA 70 - National Electrical Code.

SUBMITTALS

A Submit under provisions of Section 01300.

B. Shop Drawings: Indicate outline and support point dimensions, voltage, main bus
ampacity, integrated short circuit ampere rating, circult breaker and fusible switch
arrangement and sizes.

C. Manufacturer’s Installation Instructions: Indicate application conditions and limitations of

use stipulated by Product testing agency. Include instructions for storage, handling,
protection, examination, preparation, installation, and starting of Product.
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1.5

1.6

1.7

1.8

1.9

1.10

1.12

PART 2

2.1

PROJECT RECORD DOCUMENTS

A. Submit under provisions of Section 01700.

B. Record actual locations of Products; indicate actual branch circyit arrangement.
OPERATION AND MAINTENANCE DATA

A Submit under provisions of Section 01700.

B. Maintenance Data: Include spare parts data listing; source and cument prices of
replacement parts and supplles; and recommended maintenance procedures and intervals,

QUALITY ASSURANCE

A Perform Work in accordance with NECA Standard of installation,
B. Maintain one copy of each document on site.

QUALIFICATIONS

A Manufacturer: Company specializing in manufacturing the Products specified in this saction
with minimum three years documented experience.

REGULATORY REQUIREMENTS
A Conform to requirements of NFPA 70.

B. Furnish products listed and acceptable to authority having jurisdiction as suitable for
purpose specified and indicated.

FIELD MEASUREMENTS

A Verify that field measurements are as indicated on drawings or instructed by manufacturer.
MAINTENANCE MATERIALS

A Provide maintenance materials under provisions of Section 01700.

B. Provide two of each panelboard key at completion of job.

C. Provide two fuse pullers at completion of job If fusable panelboards are installed.

EXTRA MATERIALS

A Fumish under provisions of Section 01700.

PRODUCTS
MANUFACTURERS
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2.3

A

C.

Square D

General Electric
Substitutions: Under provisions of Section 01600.

DISTRIBUTION PANELBOARDS

A

Panelboards: NEMA PB 1, fusible switch type.

Service Conditions:
1. Temperature: 60 degrees F (17 degrees C).

Panelboard Bus: Copper ratings as indicated. Provide copper ground bus in each
panelboard.

Minimum integrated short circuit rating: 10,000 amperes rms symmetrical for 240 voit
panelboards; 14,000 amperes rms symmetrical for 480 volt panelboards, or as indicated.

Fusible Switch Assemblies: NEMAKS 1, quick-make, quick-break, load interrupter enciosed
knife switch with externally operable handle. Provide interfock to prevent opening front
cover with switch in ON position. Handle lockable in OFF position. Fuse clips: Designed
to accommodate Class R fuses. .

Molded Case Circult Breakers: NEMA AB 1. Provide circult breakers with integral thermal
and instantaneous magnetic trip in each pole. Provide circuit breakers UL listed as Type
HACR for air conditioning equipment branch circults.

Molded Case Circuit Breakers with Current Limiters: NEMA AB 1. Provide circuilt breakers
with replaceable current limiting elements, in addition to integral thermal and instantaneous
magnetic trip in each pole.

Current Limiting Molded Case Circuit Breakers: NEMA AB 1. Provide circult breakers with
integral thermal and instantaneous magnetic trip in each pole, coordinated with
automatically reseting current limiting elements in each pole. Interrupting rating 100,000
symmetrical amperes, iet-through current and energy level less than permitted for same size
Class RK-5 fuse.

Provide circuit breaker accessory trip units and awdliary switches as Indicated.
Enclosure: NEMA PB 1, Type 1 or as indicated on project drawings.

Cabinet Front: Surface type. Finish in manufacturer's standard gray enamel.

BRANCH CIRCUIT PANELBOARDS

A

Lighting and Appliance Branch Circuit Panelboards: NEMA PB1, circuit breaker type.

Panelboard Bus: Aluminum, ratings as indicated. Provide copper ground bus in each
panelboard; provide insulated ground bus where scheduled.
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it rating: 10,000 ampere:
C. Minimum integrated short circu peres rms symmetrical for 240 voit
panelboards; 14,000 amperes rms symmetrical for 480 voit panelboards, or as indicated.

D. Molded Case Circult Breakers: NEMA AB 1, bolt-on type thermal magnetic trip circuit
breakers, with common trip handle for all poles. Provide circult breakers UL listed as Type
SWD for lighting circuits. Provide UL Class A ground fauit interrupter circuit breakers where
scheduled. Do not use tandem circult breakers.

E. Current Limiting Molded Case Circuit Breakers: NEMA AB 1. Provide circuit breakers with
integral thermal and instantaneous magnetic trip in each pole, coordinated with
automatically reseting current limiting elements in each pole. Interrupting rating 100,000
symmetrical amperes, let-through current and energy level less than permitted for same size
Class RK-5 fuse.

F. Enclosure: NEMA PB 1, Type 1 or as indicated on project drawings.

G. Cabinet box: 6 inches (153 mm) deep; width: 20 inches (508 mm) for 240 volt and less
panelboards, 20 inches (508 mm) for 480 voit panelboards.

H. Cabinet Front: Surface cabinet front with concealed trim clamps, concealed hinge, and
flush lock all keyed alike. Finish in manufacturer's standard gray enamel.

LOAD CENTERS

A Load Centers: Circult breaker load center, with bus ratings as indicated.

B. Minimum integrated short circuit rating: 10,000 amperes rms symmetrical.

C. Molded Case Circult Breakers: NEMA AB 1, bolt-on type thermal magnetic trip circuit
breakers, with common trip handle for all poles. Provide circuilt breakers UL listed as Type
SWD for lighting circults. Provide UL Class A ground fault interrupter circult breakers where
indicated. Do not use tandem circuit breakers.

D. Enclosure: General Purpose or as indicated on project drawings.

E. Box: Surface type with door, and lock on door. Finish in manufacturer’s standard gray

enamel.
FUSES
A Manufacturers:
1. Bussman “Low-Peak”

2. Substitutions: Under provisions of Section 01600.

B. Fuses 600 Amperes and Less: Dual element, current limiting, UL Class as indicated. Type

RK-1.

C. Fuses 601 Amperes and Larger: Current limiting, time delay one time fuse, 600 voit, UL
Class L.

D. interrupting Rating: 200,000 rms amperes.
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PART 3

3.1

3.2

EXECUTION

INSTALLATION

A Install panelboards in accordance with NEMA PB 1.1,

B. Install panelboards plumb. Provide supports In accordance with Section 16190.

C. Height: 6 ft (2 M) to top of panelboard; install panelboards taller than 6 ft (2 M) with bottom
no more than 4 inches (10 cm) above floor.

D. Provide filler plates for unused spaces in panelboards.

E. Provide typed circult directory for each branch circuit panelboard. Revise directory to
reflect circuiting changes required to balance phase loads.

F. Provide engraved plastic nameplates under the provisions of Section 16195.

FIELD QUALITY CONTROL

A. Field inspection and testing will be performed under provisions of Sections 01400 and
16995.

B. Measure steady state load currents at each panelboard feeder; rearrange circults in the
panelboard to balance the phase loads to within 20 percent of each other. Maintain proper
phasing for multi-wire branch circuits.

C. Visual and Mechanical Inspection: Inspect for physical damage, proper alignment,

anchorage, and grounding. Check proper Installation and tightness of connections for
circuit breakers, fusible switches, and fuses.
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PART 1

1.1

1.2

1.3

14

SECTION 16482

MOTOR CONTROL CENTER

GENERAL

SECTION INCLUDES

A Motor control centers.

RELATED SECTIONS

A Section 03300 - Concrete: Housekeeping pads.

B. Section 16195 - Electrical Identification: Engraved nameplates.

REFERENCES

A NFPA 70 - National Electrical Code.

B. UL 198C - High-interrupting Capacity Fuses; Current Limiting Type.

C. UL 198E - Class R Fuses.

D. NEMA AB 1 - Molded Case Circuit Breakers.

E. NEMA ICS 2 - industrial Control Devices, Controllers, and Assembilies.

F. NEMA ICS 2.3 - Instructions for the Handling, Installation, Operation, and Maintenance of
Motor Control Centers.

SUBMITTALS

A Submit under provisions of Section 01300.

B. Shop Drawings: include front and side views of enclosures with overall dimensions shown;
condult entrance locations and requirements; nameplate legends; size and humber of bus
bars per phase, [neutral,] and ground; electrical characteristics including voitage, frame size
and trip ratings, withstand ratings, and time/curremt curves of all equipment and
components.

C. Test Reports: Indicate field test and inspection procedures and test results.

D. Manufacturer’s Installation Instructions: Indicate application conditions and limitations of

use stipulated by Product testing agency specified under Regulatory Requirements. include
instructions for storage, handling, protection, examination, preparation, installation, and
starting of Product.
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1.5

1.6

1.7

1.8

1.9

1.10

OPERATION AND MAINTENANCE DATA
A. Submit under provisions of Section 01700.

B. Maintenance Data: Include spare parts data listing; source and current prices of
replacement parts and supplies; and recommended maintenance procedures and intervals.

QUALITY ASSURANCE
A Perform Work in accordance with NEMA ICS 2.3,
B. Maintain one copy of each document on site.

QUALIFICATIONS

A. Manufacturer: Company specializing in manufacturing the Products specified in this section
with minimum three years documented experience.

REGULATORY REQUIREMENTS
A Conform to requirements of NFPA 70.

B. Fumish products listed and classified by testing firm acceptable to authority having
jurisdiction as suitable for purpose specified and indicated.

DELIVERY, STORAGE, AND HANDLING
A Deliver, store, protect and handle products to site under provisions of Section 01600.

B. Deliver in 60 inch (1.2 m) maximum width shipping splits, individually wrapped for
protection, and mounted on shipping skids.

C. Store in a clean, dry space. Maintain factory wrapping or provide an additional heavy
canvas or heavy plastic cover to protect units from dirt, water, construction debris, and
traffic.

D. Handle in accordance with NEMA ICS 2.3. Lift only with lugs provided for the purpose.
Handle carefully to avold damage to motor control center components, enclosure, and
finish.

ENVIRONMENTAL REQUIREMENTS

A Conform to NEMA ICS 2 service conditions during and after installation of motor control
centers.

FIELD MEASUREMENTS

A Verify that field measurements are as indicated on shop drawings.
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112 EXTRA MATERIALS
A Furnish under provisions of Section 01700.

B. Provide two sets of each size and type fuse installed.

PART 2 PRODUCTS
2.1 MANUFACTURERS
A Allen Bradley.
B. Square D
C. General Electric
D. Substitutions: Under provisions of Section 01600.
22 MOTOR CONTROL CENTER
A Motor Control Centers: NEMA ICS 2, Class |, Type B.
Main Overcurrent Protection: Fusible switch.
Feeder Tap Units: Fusible switches.

Voltage Rating: 480 voits, three phase, three wire, 60 Hertz.

m o o0 ®

Horizontal Bus: Aluminum with a continuous current rating of 600 amperes. Include
copper ground bus entire length of control center.

m

Vertical Bus: Copper. Aluminum.
G. Integrated Equipment Short Circuit Rating: 65,000 amperes rms symmetrical at 480 volts.
H. Configuration: Units front mounting only, accessible from the front only.
L Enclosure: NEMA ICS 6, Type 1.
J. Finish: Manufacturer’s standard gray enamel.
23 AUTOMATIC CONTROLLERS

A Magnetic Motor Controllers: NEMA ICS 2, AC general-purpose Class A magetic controller
for induction motors rated in horsepower.

B. Reversing Controllers: Include electrical interlock and integral time delay transition between
FORWARD and REVERSE rotation.

C. Two Speed Controllers: Include Integral time delay transition between FAST and SLOW
speeds.
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D.

E.

Coil operating voitage: 120 voits, 60 Hertz.
Overload Relay: NEMA ICS; Ambient compensated.

24 PRODUCT OPTIONS AND FEATURES

A

m o o w

Auxiliary Contacts: NEMA ICS 2, 2 each normally open field convertible contacts in addition
to seal-in contact.

Cover Mounted Pilot Devices: NEMA ICS 2, heavy duty type.
Pilot Device Contacts: NEMA ICS 2, Form Z, rated A150.

Relays: NEMA ICS 2.

Control Power Transformers: 120 volt secondary, 135 VA minimum in each starter. Provide
fused primary and secondary, and bond unfused leg of secondary to enclosure.

25 DISCONNECTS

A

26 FUSES

C.

PART 3

Combination Controllers: Combine motor controllers with fusible switch disconnect in
common enclosure. Provide means for locking disconnect handle, and means for defeating
cover interlock.

Fusible Switch Assemblies: NEMA KS 1,enclosed knife switch with externally operable
handle. Fuse clips: Designed to accommodate Class R fuses.

Manufacturers:
1. Bussman or equal.
2. Substituted permitted under provisions of Section 01600.

Description: Dual element, current limiting, fuse, 600 volt, UL 198E, Class RK 5.

Interrupting Rating: 200,000 rms amperes.
EXECUTION

3.1 EXAMINATION

A

Verity conditions under the provisions of Section 01039.
Verify that surface is suitable for motor control center installation.

3.2 INSTALLATION

A

Install motor control centers in accordance with manufacturer’s instructions.

Tighten accessible bus connections and mechanical fasteners after placing motor control
center.
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3.3
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C. Install fuses in fusible switches.
D. Select and Install heater elements in motor starters to match installed motor characteristics.

E. Provide engraved plastic nameplates and heater labels under the provisions of Section
16195.

F. Motor Data: Provide neatly typed label inside each motor starter door identifying motor
served, nameplate horsepower, full load amperes, code letter, service factor, and

voltage/phase rating.

FIELD QUALITY CONTROL
A Fleld inspection and testing will be performed under provisions of Section 01400 and 16995,

B. Inspect and test motor control center and each controller to NEMA ICS 2.
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PART 1

1.1

1.2

1.3

14

SECTION 16483

VARIABLE FREQUENCY CONTROLLERS

GENERAL

This section includes three phase variable frequency motor controllers of the pulse width modulated
design.

SECTION INCLUDES

A Variable frequency controller.

RELATED SECTIONS

A Section 16195 - Electrical Identification: Engraved nameplates.
REFERENCES

A NFPA 70 - National Electrical Code.

B. NEMA ICS 3.1 - Safety Standards for Construction and Guide for Selection, Installation and
Operation of Adjustable Speed Drive Systems.

C. NEMA 250 - Enclosures for Electrical Equipment (1000 Volits Maximum).

D. IEEE 519-1992 - IEEE recommended practices and requirements for harmonic control in
electrical power systems.

SUBMITTALS
A Submit under provisions of Section 01300.

B. Shop Drawings: Include front and side views of enclosures with overall dimensions and
weights shown; conduit entrance locations and requirements; and nameplate legends.

C. Product Data: Provide catalog sheets, programming and hardware manuals (6 copies)
showing voitage, controlier size, ratings and size of switching and overcurrent protective
devices, short circuit ratings, dimensions, and enclosure detalls.

D. Test Reports: Indicate field test and Inspection procedures and test resuits.

E. Manufacturer’s Installation Instructions: Indicate application conditions and limitations of
use stipulated by Product testing agency specified under Regulatory Requirements. Include
instructions for storage, handling, protection, examination, preparation, installation, and
starting of Product.

F. Manufacturer’s Field Reports: Submit under provisions of Section 01400.

G. Manufacturer's Field Reports: Indicate start-up inspection findings.
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1.5

1.6

1.7

1.8

1.9

OPERATION AND MAINTENANCE DATA
A Submit under provisions of Section 01700.

B. Operation Data: Inciude instructions for starting and operating controllers, and describe
operating limits that may result in hazardous or unsafe conditions.

C. Maintenance Data: Include routine preventive maintenance schedule.

QUALIFICATIONS

A. Manufacturer: Company speciallzing in manufacturing the Products specified in this section
with minimum three years documented experience.

REGULATORY REQUIREMENTS
A Conform to requirements of NFPA 70.

B. Fumish products listed and classified by testing firm acceptable to authority having
jurisdiction as suitable for purpose specified and indicated.

DELIVERY, STORAGE, AND HANDLING

A Deliver, store, protect and handle products to site under provisions of Section 01600.

B. Accept controllers on site in original packing. Inspect for damage.

C. Store in a clean, dry space. Maintain factory wrapping or provide an additional heavy
::;mcnyas or heavy plastic cover to protect units from dirt, water, construction debris, and

D. Handle in accordance with manufacturer's written instructions. Lift only with lugs provided
for the purpose. Handle carefully to avold damage to components, enclosure, and finish.

E. Follow manufacturer’s instructions for electromagnetic discharge (ESD) to prevent damage
to electronics.

FIELD MEASUREMENTS
A. Verify that field measurements are as indicated on shop drawings.
MAINTENANCE SERVICE

A. Fumish service and maintenance of controller for one year from Date of Substantial
Compiletion.

EXTRA MATERIALS

A. Fumish under provisions of Section 01700.
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PART 2

2.1

2.2

23

24

25

B. Provide two of each alir fitter.

C. Provide three of each fuse size and type.

PRODUCTS
MANUFACTURERS
A Allen Bradley  Model 1336.
B. Substitutions: Under provisions of Section 01600.

DESCRIPTION

A Provide enclosed variable frequency controllers suitable for operating the indicated loads.
Conform to requirements of NEMA ICS 3.1.

RATINGS
A Rated Input Voltage: 480 voits, three phase, 60 Hertz.
B. Motor Nameplate Voltage: 460 voits, three phase, 60 Hertz.

C. Displacement Power Factor:. Between 1.0 and 0.95, lagging, over entire range of operating
speed and load.

D. Operating Ambient: 0 degrees C to 40 degrees C.
E. Minimum Efficiency at Full Load: 90 percent.

F. Harmonic currents and powerline distribution must meet IEEE-519-1992 levels without the
use of filters.

DESIGN

A Employ microprocessor based inverter logic isolated from power circuits.
B. Employ pulse width modulated inverter system.

PRODUCT OPTIONS AND FEATURES

A Display: Provide integral digital display to indicate output voitage, output frequency, and
output current.

B. Status Indicators: Separate indicators for overcurrent, overvoltage, ground fault,
overtemperature, and input power ON.

C. Voits Per Hertz Adjustment: Plus or minus 10 percent.
D. Current Capability: 50 - 150 percent of rated output current for one minute.
E. Acceleration Rate Adjustment: 1 - 600 seconds.
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PART 3

3.1

3.2

F. Deceleration Rate Adjustment: 1 - 600 seconds.
G. Provide HAND-OFF-AUTOMATIC selector switch and manual speed control.
H. input Signal: 4 - 20 mA DC.

Safety Interlocks: Provide terminals for remote contact to inhibit starting under both manual
and automatic mode.

J. Control Interlocks: Provide terminals for remote contact to allow starting in automatic
mode.
FABRICATION

A Wiring Terminations: Match conductor materials and sizes indicated on Project Drawings.
B. Enclosure: NEMA Type 12 (1P54) or NEMA Type 4 (1P56).
C. Finish: Manufacturer’s standard.
SOURCE QUALITY CONTROL
A inspect and production-test each product specified in this section. -
EXECUTION
EXAMINATION
A Verify conditions under provisions of Section 01039.
B. Verify that surface is suitable for controller installation.
INSTALLATION

A Install controller where indicated, in accordance with manufacturer’s written instructions and
NEMA ICS 3.1. :

Refer to manufacturer’s requirements for wiring and conduit and spacing of conduits.
Tighten accessible connections and mechanical fasteners after placing controller.
install fuses in fusible switches. Fuse types shall be Bussman JJS.

Provide engraved plastic nameplates under the provisions of Section 16195.

mm o o0 ®

Provide neatly typed label inside sach motor controller door identifying motor served,
nameplate horsepower, full load amperes, code letter, service factor, and voltage/phase
rating and programmed parameters.
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‘ 3.3  FIELD QUALITY CONTROL
A Field inspection and testing will be performed under provisions of Section 01400.

B. Inspect completed Installation for physical damage, proper alignment, anchorage, and
grounding.

34  MANUFACTURER'S FIELD SERVICES

A Prepare and start systems under provisions of Section 01400.
3.5 ADJUSTING

A Adjust work under provisions of Section 01700.

B. Make final adjustments to installed drive to assure proper operation of fan system. Obtain
performance requirements from installer of driven loads.

3.6 CLEANING
A Touch up scratched or marred surfaces to match original finish.

3.7  DEMONSTRATION
A Provide systems demonstration under provisions of Section 01650.

. B. Demonstrate operation of controllers in automatic and manual modes.
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SECTION 16510
‘ INTERIOR LUMINAIRES

PART 1 GENERAL

1.1 SECTION INCLUDES

Interior luminaires and accessories.
Exit signs.

Ballasts.

Lamps.

m o o = »

Luminaire accessories.
— 1.2 RELATED SECTIONS
A Section 16130 - Boxes.
1.3 REFERENCES

A ANS| C78.379 - Electric Lamps - Incandescent and High- Intensity Discharge Reflector
Lamps - Classification of Beam Patterns.

. B. ANSI C82.1 - Ballasts for Fiuorescent Lamps - Specifications.

C. ANS| C82.4 - Ballasts for High-Intensity Discharge and Low Pressure Sodium Lamps
(Muitiple Supply Type).

D. ANSI/NFPA 70 - National Electrical Code.

E. ANS!/NFPA 101 - Life Safety Code.

F. NEMA WD 6 - Wiring Devices-Dimensional Requirements.
1.4 SUBMITTALS

A Submit under provisions of Section 01300.

B. Shop Drawings: Indicate dimensions and components for each luminaire that Is not
a standard product of the manufacturer.

C. Product Data: Provide dimensions, ratings, and performance data.

D. Manufacturer's Instructions: Indicate application conditions and limitations of use stipulated
by product testing agency specified under Regulatory Requirements.

E. Manufacturer's Instructions: Include instructions for storage, handling, protection,
examination, preparation, and Installation of product.
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1.5

1.6

1.7

1.8

PART 2

2.1

2.2

PROJECT RECORD DOCUMENTS
A Submit under provisions of Section 01700.

B. Accurately record actual locations of each luminaire.

OPERATION AND MAINTENANCE DATA
A Submit under provisions of Section 01700.

B. Maintenance Data; Include replacement parts list.

REGULATORY REQUIREMENTS

A Conform to requirements of ANSI/NFPA 70.

B. Fumish products listed and classified by testing fim acceptable to authority having
jurisdiction as suitable for purpose specified and shown.

EXTRA MATERIALS

A Furnish under provisions of Section 01700.

B Provide two of each plastic lens.

C. Provide one repiacement lamp for each lamp installed.
D Provide two of each ballast type.

PRODUCTS
LUMINAIRES
A Fumish products as specified on Drawings.
B. Substitutions:  Under provisions of Section 01600.
C. Install ballasts, lamps, and specified accessories at factory.
EXIT SIGNS
A Manufacturers:
Dual-Lite.
Hubbel!.
Crouse-Hinds (Class I, Div. 2)
Substitutions: Under provisions of Section 01600.

B. Description: Exit sign fixture sultable for use as emergency lighting unit.

hON =
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2.4

C. Housing: Sheet steel.
D. Face: Translucent plastic face with red letters on white background.
E. Directional Arrows: Universal type for field adjustment.
F. Mounting: Universal, for field selection.
G. Battery: 12 vot, lead acid type, with 1.5 hour capacity.
H. Battery Charger: Dual-rate type, with sufficlent capacity to recharge discharged battery to
full charge within twelve hours.
I Lamps: Manufacturers standard.
J. Input Voitage: 120 volts.
BALLASTS
A Fluorescent Ballast:
1. Magnatek
2. Advance
3. Universal
4, Substitutions:  Under provisions of Section 01600,
5. Description: ANSI C82.1, high power factor type electromagnetic ballast.
6. Provide ballast with high efficiency low harmonics, 10% THD or less, suitable for
lamps specified.
7. Voltage: 120 voits.
8. Source Quality Control: Certify ballast design and construction by Certified Ballast
Manufacturers, Inc.
B. High Intensity Discharge (HID) Ballast:
1. Magnatek
2 Advance
3. Universal
4, Substitutions:  Under provisions of Section 01600.
5. Description: ANSI C82.4, high pressure sodium lamp ballast.
6. Provide ballast sultable for lamp specified.
7. Voltage: 120 voits.
LAMPS
A Incandescent Lamp Manufacturers:
1. Sytvania
2. General Electric
3. Substitutions:  Under provisions of Section 01600.
B. Fluorescent Lamp Manufacturers: Provide energy savings, coated shatterproof lamps,

1. Shat-R-Shield or equal
2 Substitutions: Under provisions of Section 01600.
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PART 3

3.1

3.2

C.  High Intensity Discharge (HID) Lamp Manufacturers:
1. Sytvania
2 General Electric
3. Substitutions:  Under provisions of Section 01600.

D.  Provide lamp type specified for luminaire.

E. Reflector Lamp Beam Patterns: ANSI C78.379.

ACCESSORIES

A Photoelectrici Control:
1. Fisher Price or equal Model N9900 Series
2. Substitutions: Under provisions of Section 01600.
3. Description: Locking type photoelectric control. Rated 100-300 voits, maximum

1000 watts (1800 VA) ballast.

EXECUTION

EXAMINATION

A Examine substrate and supporting grids for luminaires.

B. Examine each luminaire to determine suitability for lamps specified.

INSTALLATION

A install in accordance with manufacturers instructions.

B. Install suspended luminaires using pendants supported from swivel hangers. Provide
pendant length required to suspend luminaire at indicated height.

C. Support luminaires larger than 2 x 4 foot (600 x 1 200 mm) size independent of celling
framing.

D. Locate recessed celling luminaires as indicated on reflected celling plan.

E. Install surface mounted luminaires plumb and adjust to align with building lines and with
each other. Secure to prohibit movement.

F. Exposed Grid Ceilings: Support surface mounted luminaires on grid celling directly from
bullding structure

G. Instali recessed luminaires to permit removal from below.

H. Install recessed luminaires using accessories and firestopping materials to meet regulatory
requirements for fire rating.

I Install clips to secure recessed grid-supported luminaires in place.

J. Install wall mounted luminaires, emergency lighting units and exk signs at height as

indicated on Drawings.
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3.3

3.4

3.5

3.6

K Install accessories furnished with each luminaire.

Connect luminaires, emergency lighting units and exit Signs to branch circult outlets
provided under Section 16130.

M. Make wiring connections to branch circuit using bullding wire with ins dlation sultable for
temperature conditions within luminaire.

N. Bond products and metal accessories to branch circuit equipment grounding conductor.

O. Install specified lamps in each luminaire, emergency lighting unit and exit sign.

FIELD QUALITY CONTROL

A Operate each luminaire after installation and connection. Inspect for proper connection and
operation.

ADJUSTING

A Adjust Work under provisions of Section 01700.

B. Aim and adjust luminaires as directed.

C. Adjust exit sign directional arrows as indicated.

D. Relamp luminaires that have failed lamps at Substantial Completion.
CLEANING

Clean Work under provisions of Section 01700.

Clean electrical parts to remove conductive and deleterious materials.
Remove dirt and debris from enclosure.

Clean photometric control surfaces as recommended by manufacturer.

m o o w »

Clean finishes and touch up damage.

DEMONSTRATION

A Provide systems demonstration under provisions of Section 01650.
B. Provide minimum of two hours demonstration of luminaire operation.
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. SECTION 16535
EMERGENCY LIGHTING

PART 1 GENERAL

1.1 Description of Work
Fumnish and install battery powered emergency lighting units as specified or shown on the project drawings.
1.2 Related Work
A Section 16500 - Lighting
1.3 Submittals
A Submit data to owner for approval.

—r
1.4 Standards
A. NEC
B. UL
C. OSHA
. PART 2 PRODUCTS
2.1 Battery Operated Units
A All equipment shall have the UL label.
B. Unless otherwise specified, emergency lighting shall be seif-contained, 12 volt, battery
operated with lead-acid batteries and battery charger for use on 120 volt, 60 cycle service
with a nominal operating capacity of 1-1/2 hours per NEC 700-12a. —

C. Units shall be sultable for the environment and hazardous classlification.

D. Equipment shall be packaged units without remotely located lights unless otherwise
specified.

PART 3 EXECUTION
Emergency lighting units shall be connected to a 120 volt lighting circult ahead of any light switch.
The connection shall be wired in conduit suitable for the area classHfication.
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Battery-Operated Units

o .

Battery operated emergency lighting units as descrited in NEC Article 700-12f shall be connected ahead
of any local lighting switches and to the same branch circult feeding normal lighting in the area. The
exception indicated at the end of NEC Article 700-12f shall not be permitted. Battery units shall be directly
connected to the branch circuit.

For a calculated 5 percent voitage drop, and the total load to be concentrated at the end of the circuit, the
maximum wiring distance, and the conductor size from 6-volt and 12-volt battery-operated emergency
lighting units to remote heads shall be as follows:

6-Volt Direct Current

Lamp

Total Watts  No. 12 AWG  No. 10 AWG  No. 8 AWG
25 25 feet 39 feet 62 feet
50 12 feet 20 feet 31 feet
75 8 feet 13 feet 21 feet
100 6 feet 10 feet 16 feet

12 Volt Direct Current

Lamp

Jotal Watts  No. 12 AWG No. 10 AWG No. 8 AWG
25 101 feet 161 feet 255 feet
50 50 feet 80 fest 127 feet
75 34 feet 54 feet 85 feet
100 25 feet 40 feet 63 feet
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1.1

1.2

1.3

1.4

1.5

SECTION 16721

FIRE ALARM SYSTEMS
GENERAL
SECTION INCLUDES
A. Fire alarm control panels.
B.  Manual fire alarm stations.
C. Automatic smoke and heat detectors.
D. Fire alarm signaling appliances.
E. Auxiliary fire alarm equipment.
RELATED SECTIONS

A Section 08360 - Sectional Overhead Doors.

B. Section 15910 - Ductwork Accessories: Smoke dampers.

C. Section 16123 - Bullding Wire and Cable.

REFERENCES

A NFPA 70 - National Electrical Code.

B NFPA 72 - Instailation, Maintenance, and Use of Protective Signaling Systems.
C. NFPA 72E - Automatic Fire Detectors.

D NFPA 72G - Notification Appliances for Protective Signaling Systems.

E NFPA 72H - Guide for Test Procedures for Protective Signaling Systems.

F NFPA 101 - Life Safety Code.

SYSTEM DESCRIPTION

A Fire Alarm System: NFPA 72, manual and automatic local fire alarm system
SUBMITTALS

A Submit under provisions of Section 01300.

B. Shop Drawings: Provldemumorlamandsystemwlrlngdmnmach

device and wiring connection required. =
C. Product Data: Pmuedmmmmmm
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1.10

D. Teet Reports: Indicate satisfactory completion of required tests and inspections.

E. rer's Installation Instructions: Indicate application conditions and limitations of
m by Product testing agency. Inciude instructions for storage, handling,
protection, examination, preparatlon. Instaliation, and starting of products.

PROJECT RECORD DOCUMENTS

A Submit under provisions of Section 01 700.

B. Record actual locations of initiating devices, signaling appiiances, and end-of-line devices.

OPERATION AND MAINTENANCE DATA

A Submit under provisions of Section 01700.

B. Operation Data: Operating instructions.

C. Maintenance Data: Maintenance and repair procedures.

QUALIFICATIONS

A Manufacturer: Company specializing in manufacturing the products specified in this section
with minimum three years documented experience, and with service faciities within 100
miles of Project.

B. Installer: Company specializing in installing the products specified in this section with
minimum three years documented experience, and certified as fire alarm Installer.

REGULATORY REQUIREMENTS
A Conform to requirements of NFPA 70 and NFPA 101.

B. Fumish products listed and classified by testing firm acceptable to authority having
jurisdiction as suitable for purpose specified and indicated.

MAINTENANCE SERVICE

A Fumish service and maintenance of fire alarm system for one year from Date of Substantial
Completion.

EXTRA MATERIALS
Furnish under provisions of Section 01700.

A
B. Provide ten manual station break-glass rods.
C Provide six keys of each type.

D

Provide three of each type of automatic smoke detector without base.
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PRODUCTS
MANUFACTURERS
A Simplex

Substitutions: Under provisions of Section 01600,

FIRE ALARM AND SMOKE DETECTION CONTROL PANEL

A.

Control Panel: Modular construction with surface wall-mounted enclosure.

Power supply: Adequate to serve control panel modules and alarm signaling devices.

Include battery-operated emergency power supply with capacity for operating system in
standby mode for 24 hours followed by alarm mode for 10 minutes.

System Supervision: Component or power supply fallure places system in trouble mode.

Initiating Device Circults: Supervised zone module with alarm and trouble indication;
occurrence of single ground or open condition places circult in trouble mode but does not
disable that circult from initiating an alarm.

Indicating Applicance Circults: Supervised march time signal module, sufficient for signal
devices connected to system; occurrence of single ground or open condition places circuit
in trouble mode but does not disable that circuit from signaling an alarm.

Municipal Trip Circult: Output connections for future use municipal master fire alarm box.
include municipal trip DISCONNECT switch.

Auxiliary Relays: Provide sufficient SPDT auxiliary relay contacts for each detection zone
to provide accessory functions specified.

Provide TROUBLE ACKNOWLEDGE, DRILL, and ALARM SILENCE switch.

Trouble Sequence of Operation: System or circuit trouble places system in trouble mode,
causss the following system operations:
1. Visual and audible trouble alarm indicated by zone at fire alarm control panel.
2. Visual and audible trouble alarm indicated at remote annunciator panel.
3. Trouble signal transmitted to municipal connection.
4, Manual acknowiedge function at fire alarm control panel slences audibie trouble
alarm; visual alarm is displayed untll initiating fallure or circult trouble Is cleared.

Alarm Sequence of Operation: Actuation of initiating device places circult in alarm mode,
which causes the following system operations:

1. Sound and display local fire alarm signaling devices with march time signal.

2. Transmit non-coded signal to municipal connection.
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2.6

3 Indicate location of alarm zone on fire alarm control panei,
s Transmit signal to bullding mechanical systems to initiate shutdown of fans and
damper operation.

Narir-l-Reset: System remains in alarm mode until manually reset with key-accessible reset
function; system resets only if initiating circuits are out of alarm mode.

Lamp Test: Manual lamp test function causes alarm indication at each zone at fire alarm
control panel.

Drill Sequence of Operation: Manual dril function causes alarm mode operation as
described above.

INITIATING DEVICES

A Manual Station: Surface mounted, non-coded type, single action manual station with
break-glass rod. Provide manufacturer's standard backbox.

B. Spot Heat Detector: Combination rate-of-rise and fixed temperature, rated 135 degrees F
(57 degrees C).

C. Ceiling Mounted Smoke Detector: NFPA 72E, ionization type or photoelectric type with
[adjustable sensitivity, plug-in base, auxilary relay contact, integral thermal element rated
135 degrees F (57 degrees C), and visual indication of detector actuation, sultable for
mounting on 4 inch (102 mm) outlet bax. Provide two-wire detector with common.

D. Duct Mounted Smoke Detector: NFPA 72E, photoelectric type with awdilary SPDT relay
contact, key-operated NORMAL-RESET-TEST switch, duct sampling tubes extending width
of duct, and visual indication of detector actuation, in duct-mounted housing. Provide
two-wire detector with common power supply and signal circults.

SIGNALING APPLIANCES

A Alarm Lights: NFPA 72G, strobe lamp and flasher with red lettered "FIRE" on white lens.

B. Alarm Hom: NFPA 72G, surface type fire alarm hom. Sound Rating: 87 dB at 10 feet
(3M).

AUXILIARY DEVICES

A None

FIRE ALARM WIRE AND CABLE

A Fire Alarm Power Branch Clrcults: Bullding wire as specified in Section 16123.
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5 n and Indicating Appliance Circults: Power limited fire-protective signaling

. mopmpﬂvm conductor, 300 voits insulation rated 105 degrees C. Power limited
c octive signaling cable classified for fire and smoke characteristics, copper
m"fﬁ'dm"" 300 voits insulation rated 105 degrees C, suitable for use in alr handling ducts,
hollow spaces used as ducts, and plenums.

PART 3 EXECUTION

3.1 INSTALLATION
A Install products in accordance with manufacturer’s Instructions.

B. install manual station with operating handle 4 feet 6 inches (1.4 M) above floor. Install
audible and visual signal devices 7 feet 6 inches (2.3 M) above floor.

C. Use 16 AWG minimum size conductors for fire alarm detection and signal circuit
conductors. Install wiring in conduit.

D. Mount end-ofine device in control panel. ~
E. Mount outlet box for electric door holder to withstand 80 pounds (36.4 kg) pulling force.
F. Automatic Detector Installation: Conform to NFPA 72E.

3.2 FIELD QUALITY CONTROL

. A Field Inspection and testing will be performed under provisions of Section 01400.

B. Test in accordance with NFPA 72H and local fire department requirements.

3.3 MANUFACTURER'S FIELD SERVICES
A Prepare and start systems under provisions of Section 01400.

B. Include services of certified technician to supervise installation, adjustments, final
connections, and system testing.

3.4 FIRE ALARM WIRE AND CABLE COLOR CODE

A Provide fire alarm circult conductors with insulation color coded as follows, or using colored
tape at each conductor termination and in each junction box.

Power Branch Circult Conductors: Black, red, white.
Intiating Device Circuit: Black, red.

Detector Power Supply: Violet, brown.

Signal Device Circult: Blue (positive), white (negative).

m O O W
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DEMONSTRATION
A Provide systems demonstration under provisions of Section 01650.

B Demonstrate normal and abnormal modes of operation, and required responses to each.
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1.1

1.2

1.3

1.4

1.5

1.6

SECTION 16741
TELEPHONE SERVICE, PATHWAYS, AND WIRING
GENERAL
SECTION INCLUDES
A Telephone service entrance raceway.
B. Equipment and terminal backboards.
C. Telephone cabinets.
D. Premises wiring and outlets.
RELATED SECTIONS
A Section 16111 - Conduit.
B. Section 16114 - Cable Tray.
C. Section 16141 - Wiring Devices: Telephone outlet jacks.
REFERENCES
A EIA/TIA-568 - Commercial Bullding Wiring Standard.
B. ElA/TIA-569 - Commercial Building Standard for Telecommunication Pathways and Spaces.
C. NFPA 70 - National Electrical Code.
SYSTEM DESCRIPTION

A Telephone Service Entrance Pathway: Rigid steel conduit from point of telephone utility
connection at property line to building service termination.

B. Backbone Pathway: Conform to EIA/TIA 569 using condult as indicated.

C. Horizontal Pathway: Conform to EIA/TIA 569, using raceway and cabinets as indicated.
D. Premises Wiring: By telephone utility.

PROJECT RECORD DOCUMENTS

A Submit under provisions of Section 01700.

B. Record actual locations and sizes of pathways and outlets.

QUALITY ASSURANCE

A Telephone Utility: CONRAIL telecommunicatioris coordinator.
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PART 3

3.1

EXECUTION

INSTALLATION

A

Inét_a.ll wire and cable in accordance with manufacturer's instructions and ccordance
with EIA/TIA 568. na

Finish paint termination backboards with durable white enamel under the
Section 09900 prior to installation of telephone equipment ¥ bac h’;smnm ¢:
painted. kboard

Support raceways, backboards, and cabinets under the provisions of Section 16190.
Install termination cabinets plumb, and attach securely to bullding wall at each corner.

Install polyethylene pulling string in each empty telephone conduit over ten feet in length
or containing a bend.

Mark all backboards and cabinets with the legend "TELEPHONE" und provisi
Section 16195. Under the ons of
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PART 1

1.1

1.2

13

1.4

15

PART 2

2.1

SECTION 16864

ELECTRIC SPACE HEATING UNITS

GENERAL
SECTION INCLUDES
A Electric unit heaters.
B. Electric cabinet heaters.
C. Electric baseboard heaters.
D. Thermostats and accessories.

REFERENCES
A NEMA DC 3 - Low Voitage Room Thermostats.

B. NEMA DC 15 - Line Voltage Room Thermostats.

SUBMITTALS

A Submit under provisions of Section 01300.

B. Product data: Provide unit size, finish, and performance data.

C. Submit manufacturer’s Installation instructions.

OPERATION AND MAINTENANCE DATA

A Submit under provisions of Section 01700 and 01730.

B. Operation Data: Include instructions for safe operating procedures.

C. Maintenance Data: Include instructions for replacement parts and troubleshooting

diagnostics.

D. Include recommended cleaning methods, cleaning materials, and waxes for interlor parts
and edsrior finishes.

FIELD MEASUREMENTS

A Verify that field measurements are as shown on Drawings.

PRODUCTS
MANUFACTURERS
A Chromalox
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22

23

C.
D.

Weliman

Berko
Substitutions: Under provisions of Section 01600.

ELECTRIC HORIZONTAL DISCHARGE UNIT HEATERS

A

X ® m m O

&~

o ®» oz =2 r =x

Description: Electric unit heater for suspended mounting, with fan forced air distribution

- over electric resistance heating colls and horizontal discharge.

Input Voltage: 480 volts, 60 Hz, three phase.
Output Rating: As shown on project drawings.

Heating Element: Enclosed copper tube, aluminum finned element of colled nickel-chrome
resistance wire centered in tubes and embedded In refractory material.

input Fuses: Provide integral fuses for units rated more than 48 amperes full load.
Provide line voltage disconnect switch for each input circuit.
Fabrication: Fabricate cabinet of heavy welded steel. .

Provide hinged and latched panel for electrical connection and control compartment.

Provide internal shroud around heating elements to assure uniform air flow and delivery
temperature across heater face.

Provide suitable fan blade protection using wire guard.

Cabinet Finish: Vendor standard

Contactor: Provide contactor control for unit.

Thermostat: Provide integral low voltage thermostat to control comtactor.
Provide low voltage control transformer.

Operating Stages: As required by size.

Provide terminal blocks for power and control wiring connections.
Louver: Provide discharge louver with individually adjustable biades.

ELECTRIC DOWNFLOW DISCHARGE UNIT HEATERS

A

Description: Electric unit heater for suspended mounting, with fan forced air distribution
over electric resistance heating colls and vertical discharge.

lnpthdhge:Mths,GOHz.mreephase. .
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C. Output Rating: As shown on project drawings.

D. Heating Elernent: Enclosed copper tube, aluminum finned element of colled nickel-chrome
resm;g‘cg wire centered In tubes and embedded in refractory material.

m

Input Fuses: Provide integral fuses for units rated more than 48 amperes full load.
Provide line voitage disconnect switch for each input circuit,

o

Fabrication: Fabricate cabinet of heavy welded steel.

r o

Provide hinged and latched panel for electrical connection and control compartment.
Cabinet Finish: Vendor standard

Contactor: Provide contactor control for unit.

<

Thennosfat: Provide integral low voitage thermostat to control contactor.
Provide low voltage control transformer.

Operating Stages: As required by size.

Provide terminal biocks for power and control wiring connections.

oz zr =

Diffuser: Louver type, adjustable from 0 degrees to 45 degrees.

2.4 ACCESSORIES
A. Room Thermostat: NEMA DC 15; heating only double line break line voltage thermostat with
control point reset, thermometer, and fan selector switch.
PART 3 EXECUTION
3.1 EXAMINATION
A Verify that fleld conditions are acceptable and are ready to receive work.
B. Verlly that required utilities are available, in proper location, and ready for use.
C. Beginning of installation means installer accepts existing conditions.
3.2 INSTALLATION
A install in accordance with manufacturer's instructions.
B. Locate each unit in position indicated.

C. Install unit with sufficient clearance from adjacent construction, piping, ductwork, and other
obstructions to allow access for service and maintenance.
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D. Support unit heaters from structure using construction details shown on Drawings.

3.3  FIELD QUALITY CONTROL
A Fi;l& ins and testing will be performed under provisions of Section 01400.

B. V operation of each electric heating unit by measuring input voltage and current
slrenﬂ;yltaneously for period of ten minutes of continuous operation.

3.4 DEMONSTRATION
A Provide systems demonstration under provisions of Section 01650.

B. Demonstrate location of circuit breakers and switches serving electric heating branch
circuits, and location and setting procedures for thermostats and other heating controls.
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SECTION 16902
ELECTRIC CONTROLS AND RELAYS

PART 1 GENERAL

1.1 SECTION INCLUDES

Pushbutton and selector switches.
Controt stations.

Relays.

Time delay relays.

Control power transformers.

mm o o o >

Control panels.
1.2 PRODUCTS FURNISHED BUT NOT INSTALLED UNDER THIS SECTION

A Section 15970 - Controls: Installation of pressure, temperature, and flow switches in piping,
ductwork, and mechanical equipment.

1.3 RELATED SECTIONS
A Section 16160 - Cabinets: Cabinets and terminal blocks.
14 REFERENCES
A NEMA ICS 1 - General Standards for Industrial Control Systems.
B. NEMA ICS 2 - Standards for Industrial Control Devices, Controllers and Assemblies.
C. NEMA ICS 6 - Enclosures for industrial Controls and Systems.
D. NEMA ST 1 - Standard for Specilalty Transformers (Except General Purpose Type).
1.5 SUBMITTALS
A Submit shop drawings under provisions of Section 01300.

B. Submit shop drawings to NEMA ICS 1 Indicating control panel layouts, wiring connections
and diagrams, dimensions, support points.

C. Submit product data under provisions of Section 01300.
Submit product data for each component specified.
E. Submit manufacturer's installation instructions under provisions of Section 01300.
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1.6

1.7

1.8

PART 2

PROJECT RECORD DOCUMENTS
A Submit record documents under provisions of Section 01700.

of control equipment. R
B. Accurately record actual locations equip evise diagrams Included In
Drawings to reflect actual control device connections.

OPERATION AND MAINTENANCE DATA

A Submit operation data under provisions of Section 01700.

B. Include instructions for adjusting and resetting time delay relays, timers, and counters.
C. Submit maintenance data under provisions of Section 01700.

D. include recommended preventive maintenance procedures and materials.

QUALIFICATIONS

A Manufacturer: Company specializing in manufacturing the products specified in this Section
with minimum three years documented experience.

PRODUCTS

Refer to attached Project Drawings for product lists.

PART 3

3.1

EXECUTION
INSTALLATION
A Install devices and equipment in accordance with manufacturer's instructions.
Install individual relays and time delay relays in enclosures.

Install cabinets under the provisions of Section 16160.

O 0 W

Make electrical wiring Interobnnectlons as shown on Drawings.
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PART 1

1.1

1.2

1.2.1

PART 2

SECTION 16995

EQUIPMENT TESTING AND PERSONNEL TRAINING

GENERAL

This section includes testing and personnel training that must be performed before substantial
compiletion.

Related Sections
A Section 16170 - Grounding and Bonding

Project Record Documents

A Test Reports - Submit four copies of the following test reports for approval.
1. Ground Continulty Tests

2. Heat Tracing Tests
3. Motor Tests
Testing Included:

A Test continuity between each main secondary feeder switchboard ground and its
termination point.

B. Test ground continuity between each unit of electrical apparatus on each main
secondary feeder to the ultimate distribution point, excluding branch circult conductors.

C. Test earth resistance of grounding grids. The bullding, substation, and computer
grounding system shall not exceed those values specified in Section 16170.

D. Test continuity of all motors and all feeders using megger.

E. Electrical continuity tests shall be performed after control and signal cables and
conductors have been pulled in place and terminated.

PRODUCTS
A Provide all instruments required for meggering and ground resistance testing as listed
below:
Task Equi T
Voitage Measurement Voitmeter/Weston
Muitimeter/Triplett
Muitimeter/Simpson Model 460
Voitage Sensing Wiggy/Ideal Model 61-007
Wiggy/Knopp Model K-60

Non-Contact/Pasar "Tic Tracer”
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urement Multimeter/Simpson Model 260 or 460
Resistance Meas Multimeter/Fluke Model 77

Multimeter /Triplett

Earth Tester/Biddle No. 2502041 & No. 250220
Ducter/Biddle Bulletin No. 24

urement Clamp on/Amprobe Models RS
Current Meas Multimeter/Fluke Model 77
Ammeter/Weston
Motor Rotation Rotation Tester/Greenlee Model 5774
Circut Tester Daniel Woodhead Company No. 1750.

B. Owner will provide equipment and personnal to test the high-voltage cable and
transformers, induction disk relays, and low voltage circuit breakers.

PART 3 EXECUTION

A When the installation of all apparatus and wiring is complete, test all electrical
conductors to insure continuity freedom from grounds and Insulation resistance values
in accordance with the requirements of the NEC and local inspection authorities.

B. Set and adjust all overload devices to suit the load conditions and tests made to
determine actual loads.

C. All motors shall be meggered before placing in operation. Al motors and driven
equipment shall be tested for correct direction of rotation prior to tuming equipment
over to Owner.

D. All motor control centers, bus ducts, feeder cables and branch circuits rated below 600
volts shall be megger tested between phase conductors and between phase conductors
and ground, using a 1000 volt megger. Test shall be made upon completion of all
connections and splices and ingertion of all overcurrent devices. Tests shall indicate
freedom from short circuits and grounds.

E. Make all tests In the presence of the Owner’s representative. Owner to be notified five
(5) days prior to test.

3.1 Personnel Training and Equipment Testing.

A. Contractor’s personnel shall be trained by Owner Engineering personnel in the proper
energization.

B. Owner’s personnel shall test the high-voltage cable, cable terminators and transformers
prior to energization.

C. Owner’s personnel shall set and test the low voltage switchgear and circult breaker
static trip devices.

D. The contractor shall provide personnel to accompany Owner’'s personnel for the above
ftem.
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‘ E. The contractor Is to coordinate the above activities with Owner's resident Construction
Engineer.

32  Initial Testing -

Upon receipt of all motors, motor control centers, and transformers at the construction site, they shall be
meggered. Provide one copy of this test report to the Owner's resident engineer.

3.3 Megger Testing (600 Voits and Below)

NOTE: Electronic, communication, and solld state devices or enclosure frames containing such
devices shall not be exposed to meggering.

A Electrical power conductors and equipment 2,500 volts and below shall be
tested in accordance with standard Industrial practice or as stated in vendor manuals or
Installation instructions, and as specified herein.

B. Whether hand or motor-driven generator is used, the megger test shall be appiied for a
minimum of 1 minute and held untll the reading reaches a constant value for 15
seconds.

C. NOTE: As the potential of the megger is high enough to be dangerous, all ungrounded
terminals of the equipment being tested shall be guarded from accidental personnel
contact. After completion of the test, ungrounded terminals shall be grounded for at
least 5 seconds before anyone touches them, and cable shall remain grounded for not

. less than 30 seconds to allow the adsorbed charge to drain off. Leaving the megger
connected to the conductor for the above duration will allow the potential to drain off
through the meter connections.

D. Items shall be megger tested:

1. 600 Volts ac Power Feeders

Megger Test _
. Set megger to the 1000 volt range.
. Ground conductors not under test.
. Connect megger between conductor under test and
ground.
. Momentarily ground the opposite end of the conductor

under test to verify continulty.
. Test conductor insulation resistance.
. Repeat Steps 2 through 5 for each conductor.

Acceptable Value - 100 megs minimum.
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AC Motors Rated Above 300 Volts

2.

-~ Megger Test
. Set megger to the 1000 volt range.

. Disconnect motor from supply conductors.

. Test phase-to-phase continuity.

. Test phase-to-ground (motor frame) insulation
resistance.

Acceptable value - 50 megs minimum

3. AC Motors Rated Below 300 Volts

Megger Test
. Set megger to the 500 voit range.
. Disconnect motor from supply conductors.
. Test phase-to-phase continuity.
. Test phase-to-ground (motor frame) insulation

resistance.

Acceptable Value - 20 meg minimum

4, AC Starters and Switches - 600 Volts and Under

Megger Test
. Set megger to the 500 volt range.
. Disconnect line and load leads.
. Close switch, Block starter closed.
. Ground phases not under test.
. Test each phase to enclosure.

Acceptable Value - 3 megs minimum.
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6.

Dry type Transformers

Megger Test
. Set megger voltage range as follows:
Normal Voltage Megger Voltage
Voltage Range
0-300 500
300-600 1000

. Ground windings not under test.
. Test ungrounded windings.

Acceptable Value - 100 megs minimum (both windings)
Motor Control Centers

Megger Test
. Set megger to the 1000 voit range.
. Disconnect teeder cables (open switches and breakers)
. Ground busses not under test.
. Test between ungrounded bus and motor control center
enclosure.
. Test each bus.

Acceptable Value - 10 megs minimum.
Switchgear - 600 Voits

Megger Test
. Remove LV breakers
. Remove control circuit fuses.
. Disconnect or remove fuses in PT primaries.
. Disconnect bus feeders.
. Clean bus supports.
. Ground busses not under test.
. Set megger to the 2500 voit range.
s Test each bus.
Acceptable Value - 10 megs minimum
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‘ 8. Lightning and Surge Arrestors

7__MeggerTest

Disconnect ungrounded leads.

Clean with General Electric 1500 Thinner.
Set megger to the 2500 voit range.

Test each arrestor.

Acceptable Value - 1 meg minimum
(Normal readings are 10 megs or higher)

9. Grounding Electrode System

Use Ground Megger

Measurements shall be made by the three-point method
in accordance with Du Pont Engineering Standard
E13.1P titled, measuring Ground Resistance".

Test records shall include the soll conditions at the time
measurements are taken. Measurements shall not be
taken less than 48 hours after rainfall.

When space and ground covering will not permit driving
test rods, a ground of known low resistance value may
be used as a reference ground.

Acceptable Value

Lightning Protection

— Hazardous Areas - 5 ohms maximum
Nonhazardous Areas - 5 ohms maximum

Substation Fences - 5 ohms maximum
Property and Security Fences - 5§ ohm maximum
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3.4

3.5

10. Generators Rated 480 Voits

-~~~ Megger Test
. Disconnect load leads.

. Lift "B phase ground lead if grounded at the
generator.

. Set megger to the 1000 volt range.

. Test phase-to-phase continuity.

. Test phase-to-ground (generator frame) insulation
resistance.

Acceptable Value - 50 megs minimum

High Potential/Power Factor Testing (Over 600 Volts)

A High potential (Hi-Pot) and/or power factor (cable) testing of conductors and equipment
over 600 voits will be performed by others.

Heat Tracing Testing

Contractor shall visually inspect the installation to insure that the tracer, components and thermostats
are properly installed. The following items shall be inspected.

1.

Verify that the tracer is mounted on the lower quadrant of the pipe and attached at proper
intervals and flat against the surface to be heated.

Verify that the proper amount of tracer has been provided at each valve, flange, pipe support,
etc. and is free from physical damage.

Verify that the electrical connections are installed correctly with the proper insulating barriers
between the conductive polymer and the connection box.

B. Iinsulation Resistance

1. Electrically testing the insulation resistance between each bus wire and ground with a
2500 voit DC megger at the following points;

a Upon receipt of heat tracing material.

b. Prior to installation of pipe insulation.
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c. Upon completion of installation of pipe insulation.

2 Readings are to be recorded and submitted as a test repon.
Acceptance Criteria: 20 megs min.

Note: A drop in insulation below the minimum will indicate damage and potential problems, along the
circult. Contractor shall determine the cause and repair or replace the damaged components.

3.6 Protective Relaying and Circuit Breakers.

Testing of circult breakers and coordination setting of protective relays shall be performed by others.

3.7 Other Checks and Tests
A Perform the following on all motors prior to start-up:

1. Check shaft for freedom of rotation. .

2. Obtain proper certification that all driven equipment coupled to motors and all
motors have been properly lubricated and in running condition before tests are
made.

3. Conduct and record a motor rotation test using a Greenlee Model 5774 rotation
meter (this may require mechanical disengagement) and assure rotation
indication label is applied properly; if not, relabel, The meter shall be used for
testing on the DC voltage side of the tester. Line voltage tests will not be
permitted. Verify that the required rotation of the driven equipment agrees with
the motor rotation.

B. Perform the following on all motors during or immediately after start-up:

1. Check motor for smooth operation (vibration)

2 Take a current reading using a clamp-on ammeter. (no-oad readings and
loaded readings on ac motors only).

C. Check no-oad and fulldoad voltage at each transformer.

D. Check resistance between process and utility piping, heating and ventlating ducts and
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pneumatic conveying tubes, and bullding steel in electrical Class 1 or 2, Division 1 or 2
. hazardous area. With an approved muitimeter, resistance shall not exceed 100 ohms.
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' NOTE: Contractor shall notify Owner if he encounters readings above 100 ohms, and bonding has been
performed as shown on drawings or specified herein.

E. Check single-phase, three-wire, 120 volt ac, polarized receptacies for correctness of
polarity by testing with Daniel Woodhead Company No. 1750, serles circult tester.
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