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SECTION 230513 - COMMON MOTOR REQUIREMENTS FOR HVAC EQUIPMENT

PART 1 - GENERAL

11

A.

1.2

A.

13

A.

RELATED DOCUMENTS

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

SUMMARY

Section includes general requirements for single-phase and polyphase, general-purpose,
horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to
600 V and installed at equipment manufacturer's factory or shipped separately by equipment
manufacturer for field installation.

COORDINATION

Coordinate features of motors, installed units, and accessory devices to be compatible with the
following:

Motor controllers.

Torque, speed, and horsepower requirements of the load.

Ratings and characteristics of supply circuit and required control sequence.
Ambient and environmental conditions of installation location.

PNk

PART 2 - PRODUCTS

2.1 GENERAL MOTOR REQUIREMENTS

A. Comply with requirements in this Section except when stricter requirements are specified in
HVAC equipment schedules or Sections.

B. Comply with NEMA MG 1 unless otherwise indicated.

C. Comply with IEEE 841 for severe-duty motors.

2.2 MOTOR CHARACTERISTICS

A. Duty: Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above
sea level.

B. Capacity and Torque Characteristics: Sufficient to start, accelerate, and operate connected
loads at designated speeds, at installed altitude and environment, with indicated operating
sequence, and without exceeding nameplate ratings or considering service factor.
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POLYPHASE MOTORS

Description: NEMA MG 1, Design B, medium induction motor.
Efficiency: Energy efficient, as defined in NEMA MG 1.
Service Factor: 1.15.

Multispeed Motors: Variable torque.

1. For motors with 2:1 speed ratio, consequent pole, single winding.
2. For motors with other than 2:1 speed ratio, separate winding for each speed.

Multispeed Motors: Separate winding for each speed.

Rotor: Random-wound, squirrel cage.

Bearings: Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
Temperature Rise: Match insulation rating.

Insulation: Class F.

Code Letter Designation:

1. Motors 15 HP and Larger: NEMA starting Code F or Code G.
2. Motors Smaller than 15 HP: Manufacturer's standard starting characteristic.

Enclosure Material: Cast iron for motor frame sizes 324T and larger; rolled steel for motor
frame sizes smaller than 324T.

POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS

Motors Used with Reduced-Voltage and Multispeed Controllers: Match wiring connection
requirements for controller with required motor leads. Provide terminals in motor terminal box,
suited to control method.

Motors Used with Variable Frequency Controllers: Ratings, characteristics, and features
coordinated with and approved by controller manufacturer.

1. Windings: Copper magnet wire with moisture-resistant insulation varnish, designed and
tested to resist transient spikes, high frequencies, and short time rise pulses produced by
pulse-width modulated inverters.

2. Energy- and Premium-Efficient Motors: Class B temperature rise; Class F insulation.

3. Inverter-Duty Motors: Class F temperature rise; Class H insulation.

4, Thermal Protection: Comply with NEMA MG 1 requirements for thermally protected
motors.

Severe-Duty Motors: Comply with IEEE 841, with 1.15 minimum service factor.

COMMON MOTOR REQUIREMENTS PROJECT #3360 230513 -2
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25 SINGLE-PHASE MOTORS

A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements
of specific motor application:

1. Permanent-split capacitor.
2. Split phase.
3. Capacitor start, inductor run.
4. Capacitor start, capacitor run.
B. Multispeed Motors: Variable-torque, permanent-split-capacitor type.

C. Bearings: Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and
thrust loading.

D. Motors 1/20 HP and Smaller: Shaded-pole type.
E. Thermal Protection: Internal protection to automatically open power supply circuit to motor
when winding temperature exceeds a safe value calibrated to temperature rating of motor

insulation. Thermal-protection device shall automatically reset when motor temperature returns
to normal range.

PART 3 - EXECUTION (Not Applicable)

END OF SECTION 230513
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SECTION 230517 - SLEEVES AND SLEEVE SEALS FOR HVAC PIPING

PART 1 - GENERAL

11

A.

1.2

A.

1.3

A.

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

1. Sleeves.
2. Grout.
SUBMITTALS

Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1

A.

B.

2.2

C.

D.

SLEEVES

Galvanized-Steel-Pipe Sleeves: ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc
coated, with plain ends.

Galvanized-Steel-Sheet Sleeves: 0.0239-inch minimum thickness; round tube closed with
welded longitudinal joint.
GROUT

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

Characteristics: Nonshrink; recommended for interior and exterior applications.
Design Mix: 5000-psi, 28-day compressive strength.

Packaging: Premixed and factory packaged.

PART 3 - EXECUTION

3.1 SLEEVE INSTALLATION
A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
SLEEVES AND SLEEVE SEALS FOR PROJECT #3360 230517 -1
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B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to
provide 1-inch annular clear space between piping and concrete slabs and walls.

1. Sleeves are not required for core-drilled holes.

C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and
walls are constructed.

1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -PP
sleeves.

2. Cut sleeves to length for mounting flush with both surfaces.
a. Exception: Extend sleeves installed in floors of mechanical equipment areas or

other wet areas 2 inches above finished floor level.

3. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal
system.

D. Fire-Barrier Penetrations: Maintain indicated fire rating of walls, partitions, ceilings, and floors at

pipe penetrations. Seal pipe penetrations with firestop materials. Comply with requirements for
firestopping specified in Division 07 Section "Penetration Firestopping."

END OF SECTION 230517
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SECTION 230518 - ESCUTCHEONS FOR HVAC PIPING

PART 1 - GENERAL

11 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section Includes:

1. Escutcheons.
2. Floor plates.
1.3 SUBMITTALS

A. Product Data: For each type of product indicated.

PART 2 - PRODUCTS

2.1 ESCUTCHEONS

A. Split-Casting Brass Type: With polished, chrome-plated finish and with concealed hinge and
setscrew.

B. Split-Plate, Stamped-Steel Type: With chrome-plated finish, concealed hinge, and spring-clip
fasteners.

2.2 FLOOR PLATES

A. Split-Casting Floor Plates: Cast brass with concealed hinge.

PART 3 - EXECUTION

3.1 INSTALLATION
A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD

that completely covers opening.

1. Escutcheons for New Piping:

ESCUTCHEONS FOR HVAC PIPING PROJECT #3360 230518 -1
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3.2

Chrome-Plated Piping: One-piece, cast-brass or split-casting brass type with
polished, chrome-plated finish.

Insulated Piping: One-piece, stamped-steel type or split-plate, stamped-steel type
with concealed hinge or split-plate, stamped-steel type with exposed-rivet hinge.

Bare Piping at Wall and Floor Penetrations in Finished Spaces: split-casting brass
type with polished, chrome-plated finish.

Bare Piping at Wall and Floor Penetrations in Finished Spaces: One-piece,
stamped-steel type or split-plate, stamped-steel type with concealed hinge.

Bare Piping at Ceiling Penetrations in Finished Spaces: cast-brass or split-casting
brass type with polished, chrome-plated finish.

Bare Piping at Ceiling Penetrations in Finished Spaces: stamped-steel type split-
plate, stamped-steel type with concealed hinge.

Escutcheons for Existing Piping:

Chrome-Plated Piping: Split-casting brass type with polished, chrome-plated
finish.
Insulated Piping: Split-plate, stamped-steel type with concealed hinge.

Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-casting brass
type with polished, chrome-plated finish.

Bare Piping at Wall and Floor Penetrations in Finished Spaces: Split-plate,
stamped-steel type with concealed hinge.

Bare Piping at Ceiling Penetrations in Finished Spaces: Split-casting brass type
with polished, chrome-plated finish.

Install floor plates for piping penetrations of equipment-room floors.

Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD
that completely covers opening.

New Piping: One-piece, floor-plate type.
Existing Piping: Split-casting, floor-plate type.
FIELD QUALITY CONTROL

Replace broken and damaged escutcheons and floor plates using new materials.

END OF SECTION 230518

ESCUTCHEONS FOR HVAC PIPING PROJECT #3360 230518 - 2

JUNE 12, 2018



SECTION 230519 - METERS AND GAGES FOR HVAC PIPING

PART 1 - GENERAL

11

1.2

1.3

O

©

RELATED DOCUMENTS

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

SUMMARY

Section Includes:

R

Liquid-in-glass thermometers.
Thermowells.

Dial-type pressure gages.
Gage attachments.

Test plugs.

SUBMITTALS

Product Data: For each type of product indicated.

Wiring Diagrams: For power, sighal, and control wiring.

Product Certificates: For each type of meter and gage, from manufacturer.

Operation and Maintenance Data: For meters and gages to include in operation and
maintenance manuals.

PART 2 - PRODUCTS

2.1

A.

LIQUID-IN-GLASS THERMOMETERS

Metal-Case, Compact-Style, Liquid-in-Glass Thermometers:

1.

ogkon

N

Manufacturers: Subject to compliance with requirements, provide products by one of the
following available manufacturers offering products that may be incorporated into the
Work include, but are not limited to, the following:

a. Trerice, H. O. Co.

Standard: ASME B40.200.

Case: Cast aluminum; 6-inch nominal size.

Case Form: Straight unless otherwise indicated.

Tube: Glass with magnifying lens and or red organic liquid.

Tube Background: Nonreflective aluminum with permanently etched scale markings
graduated in deg F and deg C.

Window: Glass or plastic.

METERS AND GAGES FOR HVAC PROJECT #3360 230519 -1
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2.2

2.3

8. Stem: Aluminum or brass and of length to suit installation.

a. Design for Air-Duct Installation: With ventilated shroud.
b. Design for Thermowell Installation: Bare stem.

9. Connector: 3/4 inch, with ASME B1.1 screw threads.
10. Accuracy: Plus or minus 1 percent of scale range or one scale division, to a maximum of
1.5 percent of scale range.

Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers:

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

a. Trerice, H. O. Co.
b. Weiss Instruments, Inc.

Standard: ASME B40.200.

Case: Cast aluminum; 7-inch nominal size unless otherwise indicated.

Case Form: Straight unless otherwise indicated.

Tube: Glass with magnifying lens and red organic liquid.

Tube Background: Nonreflective aluminum with permanently etched scale markings
graduated in deg F and deg C.

Window: Glass.

Stem: Aluminum and of length to suit installation.

o0k wN
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a. Design for Air-Duct Installation: With ventilated shroud.
b. Design for Thermowell Installation: Bare stem.

DUCT-THERMOMETER MOUNTING BRACKETS

Description: Flanged bracket with screw holes, for attachment to air duct and made to hold
thermometer stem.

THERMOWELLS
Thermowells:

Standard: ASME B40.200.

Description: Pressure-tight, socket-type fitting made for insertion into piping tee fitting.
Material for Use with Copper Tubing: CNR or CUNI.

Material for Use with Steel Piping: CRES or CSA.

Type: Stepped shank unless straight or tapered shank is indicated.

External Threads: NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads.

Internal Threads: 1/2, 3/4, and 1 inch, with ASME B1.1 screw threads.

Bore: Diameter required to match thermometer bulb or stem.

Insertion Length: Length required to match thermometer bulb or stem.

Lagging Extension: Include on thermowells for insulated piping and tubing.

Bushings: For converting size of thermowell's internal screw thread to size of
thermometer connection.

RBoo~NoOkwn e
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Heat-Transfer Medium: Mixture of graphite and glycerin.
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2.6

PRESSURE GAGES
Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:
1. Manufacturers: Subject to compliance with requirements, provide products by one of the

following available manufacturers offering products that may be incorporated into the
Work include, but are not limited to, the following:

a. Ernst Flow Industries
b. Trerice, H. O. Co.
C. AMETEK, Inc.; U.S. Gauge.
d. Weiss Instruments, Inc.
2. Standard: ASME B40.100.
3. Case: Liquid-filled or Open-front, pressure relief type(s); cast aluminum; 4-1/2-inch
nominal diameter.
4. Pressure-Element Assembly: Bourdon tube unless otherwise indicated.
5. Pressure Connection: Brass, with NPS 1/4, ASME B1.20.1 pipe threads and bottom-
outlet type unless back-outlet type is indicated.
6. Movement: Mechanical, with link to pressure element and connection to pointer.
7. Dial: Nonreflective aluminum with permanently etched scale markings graduated in psi.
8. Pointer: Dark-colored metal.
9. Window: Glass.
10. Ring: Metal.
11. Accuracy: Grade A, plus or minus 1 percent of middle half of scale range.
GAGE ATTACHMENTS

Snubbers: ASME B40.100, brass; with NPS 1/4, ASME B1.20.1 pipe threads and piston-type
surge-dampening device. Include extension for use on insulated piping.

Valves: Brass ball, Brass or stainless-steel needle], with NPS 1/4 or NPS 1/2, ASME B1.20.1
pipe threads.

TEST PLUGS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following available manufacturers offering products that may be incorporated into the Work
include, but are not limited to, the following:

1. Peterson Equipment Co., Inc.

2. Sisco Manufacturing Company, Inc.

3. Trerice, H. O. Co.

Description: Test-station fitting made for insertion into piping tee fitting.

Body: Brass or stainless steel with core inserts and gasketed and threaded cap. Include
extended stem on units to be installed in insulated piping.

Thread Size: NPS 1/4, ASME B1.20.1 pipe thread.

Minimum Pressure and Temperature Rating: 500 psig at 200 deg F.

METERS AND GAGES FOR HVAC PROJECT #3360 230519 - 3
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F.

Core Inserts: Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Install thermowells with socket extending into fluid one-third of pipe diameter and in vertical
position in piping tees.

B. Install thermowells of sizes required to match thermometer connectors. Include bushings if
required to match sizes.

C. Install thermowells with extension on insulated piping.

D. Fill thermowells with heat-transfer medium.

E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.

F. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; connect
cases with tubing and support tubing to prevent kinks. Use minimum tubing length.

G. Install duct-thermometer mounting brackets in walls of ducts. Attach to duct with screws.

H. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the
most readable position.

l. Install remote-mounted pressure gages on panel.

J. Install valve and snubber in piping for each pressure gage for fluids (except steam).

K. Install valve and syphon fitting in piping for each pressure gage for steam.

L. Install test plugs in piping tees.

M. Install flow indicators in piping systems in accessible positions for easy viewing.

N. Assemble and install connections, tubing, and accessories between flow-measuring elements
and flowmeters according to manufacturer's written instructions.

0. Install flowmeter elements in accessible positions in piping systems.

P. Install wafer-orifice flowmeter elements between pipe flanges.

Q. Install differential-pressure-type flowmeter elements, with at least minimum straight lengths of
pipe, upstream and downstream from element according to manufacturer's written instructions.

R. Install permanent indicators on walls or brackets in accessible and readable positions.

S. Install connection fittings in accessible locations for attachment to portable indicators.

T. Mount thermal-energy meters on wall if accessible; if not, provide brackets to support meters.

u. Install thermometers in the following locations:

METERS AND GAGES FOR HVAC PROJECT #3360 230519-4
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3.2

3.3

3.4

3.5

Inlet and outlet of each hydronic zone.

Inlet and outlet of each hydronic boiler.

Inlet and outlet of each hydronic coil in air-handling units.
Two inlets and two outlets of each hydronic heat exchanger.
Where indicated on drawings.

OrwNE

Install pressure gages in the following locations:

1. Suction and discharge of each secondary pump.
2. Where indicated on drawings.

THERMOMETER SCHEDULE

Thermometers at inlet and outlet of each hydronic zone shall be the following:

1. Compact-style, liquid-in-glass type.

Thermometers at inlet and outlet of each hydronic boiler shall be the following:

1. Compact-style, liquid-in-glass type.

Thermometers at inlet and outlet of each hydronic coil in air-handling units and built-up central
systems shall be one of the following:

1. Compact Industrial-style, liquid-in-glass type.

Thermometers at inlets and outlets of each hydronic heat exchanger shall be the following:

1. Compact Industrial-style, liquid-in-glass type.

THERMOMETER SCALE-RANGE SCHEDULE

Scale Range for Heating, Hot-Water Piping: 0 to 250 deg F.

PRESSURE-GAGE SCHEDULE

Pressure gages at suction and discharge of each pump shall be one of the following:
1. Liquid-filled Open-front, pressure-relief.

PRESSURE-GAGE SCALE-RANGE SCHEDULE

Scale Range for Heating, Hot-Water Piping: 0 to 100 psi.

END OF SECTION 230519
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SECTION 230523 — GENERAL DUTY VALVES FOR HVAC PIPING

PART 1 - GENERAL

11

1.2

1.3

1.4

RELATED DOCUMENTS

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

SUMMARY
This Section includes the following general-duty valves:

Ball valves.

Butterfly valves.
Check valves.

Gate valves.

Globe valves.
Chainwheel actuators.

ok wdkE

Related Sections include the following:

1. Section "Mechanical Identification" for valve tags and charts.

2. Section "Automatic Temperature Controls" for control valves and actuators.
3. Piping Sections for specialty valves applicable to those Sections only.
DEFINITIONS

The following are standard abbreviations for valves:

CWP: Cold working pressure.

EPDM: Ethylene-propylene-diene terpolymer rubber.
PTFE: Polytetrafluoroethylene plastic.

SWP: Steam working pressure.

TFE: Tetrafluoroethylene plastic.

SR

SUBMITTALS

Product Data: For each type of valve indicated. Include body, seating, and trim materials; valve
design; pressure and temperature classifications; end connections; arrangement; dimensions;
and required clearances. Include list indicating valve and its application. Include rated
capacities; shipping, installed, and operating weights; furnished specialties; and accessories.

GENERAL DUTY VALVES FOR HVAC PROJECT #3360 230523 -1
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15 QUALITY ASSURANCE
A. ASME Compliance: ASME B31.9 for building services piping valves.

B. ASME Compliance for Ferrous Valves: ASME B16.10 and ASME B16.34 for dimension and
design criteria.

C. NSF Compliance: NSF 61 for valve materials for potable-water service.

1.6 DELIVERY, STORAGE, AND HANDLING

A. Prepare valves for shipping as follows:

1. Protect internal parts against rust and corrosion.
2. Protect threads, flange faces, grooves, and weld ends.
3. Set gate and globe valves closed to prevent rattling.
4, Set ball valves open to minimize exposure of functional surfaces.
5. Set butterfly valves closed or slightly open.
6. Block check valves in either closed or open position.
B. Use the following precautions during storage:
1. Maintain valve end protection.
2. Store valves indoors and maintain at higher than ambient dew-point temperature. |If

outdoor storage is necessary, store valves off the ground in watertight enclosures.
C. Use sling to handle large valves; rig sling to avoid damage to exposed parts. Do not use
handwheels or stems as lifting or rigging points.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. In other Part 2 articles where subparagraph titles below introduce lists, the following
requirements apply for product selection:

1. Manufacturers: Subject to compliance with requirements, provide products by the
manufacturers specified.
2.2 VALVES, GENERAL
A. Refer to Part 3 "Valve Applications" Article for applications of valves.
B. Bronze Valves: NPS 2 and smaller with threaded ends, unless otherwise indicated.
C. Ferrous Valves: NPS 2-1/2 and larger with flanged ends, unless otherwise indicated.

D. Valve Pressure and Temperature Ratings: Not less than indicated and as required for system
pressures and temperatures.

E. Valve Sizes: Same as upstream pipe, unless otherwise indicated.

GENERAL DUTY VALVES FOR HVAC PROJECT #3360 230523 - 2
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B.

C.

Valve Actuators:

1. Chainwheel: For attachment to valves, of size and mounting height, as indicated in the
"Valve Installation" Article in Part 3.

2. Gear Drive: For quarter-turn valves NPS 8 and larger.

3. Handwheel: For valves other than quarter-turn types.

4 Lever Handle: For quarter-turn valves NPS 6 and smaller, except plug valves.

Extended Valve Stems: On insulated valves.

Valve Flanges: ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and
ASME B16.24 for bronze valves.

Valve Grooved Ends: AWWA C606.
1. Solder Joint: With sockets according to ASME B16.18.

a. Caution: Use solder with melting point below 840 deg F for angle, check, gate,
and globe valves; below 421 deg F for ball valves.

2. Threaded: With threads according to ASME B1.20.1.

Valve Bypass and Drain Connections: MSS SP-45.

COPPER-ALLOY BALL VALVES
Manufacturers:
1. Copper-Alloy Ball Valves:

Hammond Valve.

Milwaukee Valve.

NIBCO INC.

RuB, Inc (Dietrich Associates).
Stockham Valves & Fittings.

PO TO

Copper-Alloy Ball Valves, General: MSS SP-110.

Two-Piece, Copper-Alloy Ball Valves: Bronze body with full or regular-port, chrome-plated
bronze ball; PTFE or TFE seats; and 600-psig minimum CWP rating and blowout-proof stem.
FERROUS-ALLOY BALL VALVES

Manufacturers:

Hammond Valve.

Milwaukee Valve.

NIBCO INC.
Stockham Valves & Fittings

PONPE

Ferrous-Alloy Ball Valves, General: MSS SP-72, with flanged ends.

Ferrous-Alloy Ball Valves: Class 150 or Class 300, full or regular port.

GENERAL DUTY VALVES FOR HVAC PROJECT #3360 230523 - 3
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2.5 HIGH-PERFORMANCE BUTTERFLY VALVES
A. Class 150, Single-Flange, High-Performance Butterfly Valves:

1. Manufacturers:  Subject to compliance with requirements, available manufacturers
offering products that may be incorporated into the Work include the following:

ABZ Valve and Controls; a division of ABZ Manufacturing, Inc.
Bray Controls; a division of Bray International.

Cooper Cameron Valves; a division of Cooper Cameron Corp.
Crane Co.; Crane Valve Group; Jenkins Valves.

Crane Co.; Crane Valve Group; Stockham Division.

DeZurik Water Controls.

Hammond Valve.

Milwaukee Valve Company.

NIBCO INC.

Tyco Valves & Controls; a unit of Tyco Flow Control.

T Tse@mooooTp

2. Description:

Standard: MSS SP-68.

CWP Rating: 285 psig at 100 deg. F.

Body Design: Lug type; suitable for bidirectional dead-end service at rated
pressure without use of downstream flange.

Body Material: Carbon steel, cast iron, ductile steel, or stainless steel.

Seat: Reinforced PTFE or metal.

Stem: Stainless steel; offset from plane seat.

Disc: Carbon steel.

Service: Bidirectional.

oo p
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2.6 BRONZE CHECK VALVES

A. Manufacturers:

1. Bronze Check Valves:
a. Hammond Valve.
b. Milwaukee Valve.
c. NIBCO INC.
d. Stockham Valves & Fittings.

B. Bronze Check Valves, General: MSS SP-80.

C. Type 3, Class 125, 150, or 200 as required, Bronze, Swing Check Valves: Bronze body with
bronze disc and seat.

D. Type 4, Class 125, 200, or 200 as required, Bronze, Swing Check Valves: Bronze body with
nonmetallic disc and bronze seat.

2.7 GRAY-IRON SWING CHECK VALVES

A. Manufacturers:

GENERAL DUTY VALVES FOR HVAC PROJECT #3360 230523 -4
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2.8

2.9

1. Gray-Iron Swing Check Valves:

Hammond Valve.

NIBCO INC.

Milwaukee Valve.
Stockham Valves & Fittings.

apop

Gray-Iron Swing Check Valves, General: MSS SP-71.
Type |, Class 125 or 250 as required, gray-iron, swing check valves with metal seats.
Type Il, Class 125 or 250 as required, gray-iron, swing check valves with composition to metal
seats.
BRONZE GATE VALVES
Manufacturers:
1. Bronze Gate Valves:
a. Hammond Valve.
b. NIBCO INC.
c Milwaukee Valve.
d Stockham Valves & Fittings.
Bronze Gate Valves, General: MSS SP-80, with ferrous-alloy handwheel.
Type 2, Class 150, Bronze Gate Valves: Bronze body with rising stem and bronze solid wedge

and union-ring bonnet.

CAST-IRON GATE VALVES

Manufacturers:
1. Cast-Iron Gate Valves:
a. Hammond Valve.
b. NIBCO INC.
c. Milwaukee Valve.
d. Stockham Valves & Fittings.

Cast-lron Gate Valves, General: MSS SP-70, Type I.

Class 125, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves: Cast-iron body with bronze trim,
rising stem, and solid-wedge disc.

Class 125, OS&Y, All-lron, Cast-lron Gate Valves: Cast-iron body with cast-iron trim, rising
stem, and solid-wedge disc.

Class 250, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves: Cast-iron body with bronze trim,
rising stem, and solid-wedge disc.
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2.10

211

2.12

Class 250, OS&Y, All-Iron, Cast-lron Gate Valves: Cast-iron body with cast-iron trim, rising

stem, and solid-wedge disc.

BRONZE GLOBE VALVES

Manufacturers:
1. Bronze Globe Valves:
a. Hammond Valve.
b. NIBCO INC.
c. Milwaukee Valve
d. Stockham Valves & Fittings

Bronze Globe Valves, General: MSS SP-80, with ferrous-alloy handwheel.

Type 1, Class 125, 150, or 200 as required, Bronze Globe Valves: Bronze body with bronze

disc and union-ring bonnet.

Type 2, Class 125, 150, or 200 as required, Bronze Globe Valves: Bronze body with

nonmetallic, PTFE or TFE disc and union-ring bonnet.

Type 3, Class 125, 150, or 200 as required, Bronze Globe Valves: Bronze body with bronze

disc and renewable seat. Include union-ring bonnet.

CAST-IRON GLOBE VALVES

Manufacturers:
1. Cast-lron Globe Valves:
a. Hammond Valve.
b. NIBCO INC.
C. Milwaukee Valve.
d. Stockham Valves & Fittings.

Cast-lron Globe Valves, General: MSS SP-85.

Type I, Class 125 or 250 as required, Cast-lron Globe Valves:

seats.

CHAINWHEEL ACTUATORS
Manufacturers:

1. Babbitt Steam Specialty Co.
2. Roto Hammer Industries, Inc.

Gray-iron body with bronze

Description: Valve actuation assembly with sprocket rim, brackets, and chain.

1. Sprocket Rim with Chain Guides: Ductile iron or Cast iron or Aluminum or Bronze, of

type and size required for valve. Include zinc coating.
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2. Brackets: Type, number, size, and fasteners required to mount actuator on valve.

3. Chain: Hot-dip, galvanized steel of size required to fit sprocket rim.

PART 3 - EXECUTION

3.1

3.2

EXAMINATION

Examine piping system for compliance with requirements for installation tolerances and other
conditions affecting performance.

1. Proceed with installation only after unsatisfactory conditions have been corrected.
Examine valve interior for cleanliness, freedom from foreign matter, and corrosion. Remove
special packing materials, such as blocks, used to prevent disc movement during shipping and

handling.

Operate valves in positions from fully open to fully closed. Examine guides and seats made
accessible by such operations.

Examine threads on valve and mating pipe for form and cleanliness.
Examine mating flange faces for conditions that might cause leakage. Check bolting for proper
size, length, and material. Verify that gasket is of proper size, that its material composition is

suitable for service, and that it is free from defects and damage.

Do not attempt to repair defective valves; replace with new valves.

VALVE APPLICATIONS

Refer to piping Sections for specific valve applications. If valve applications are not indicated,
use the following:

1. Shutoff Service: Ball, butterfly, or gate valves.
2. Throttling Service: Ball, butterfly, or globe valves.
3. Pump Discharge: Check valves.

If valves with specified SWP classes or CWP ratings are not available, the same types of valves
with higher SWP class or CWP ratings may be substituted.

Domestic Water Piping: Use the following types of valves:

1. Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.

2. Ball Valves, NPS 2-1/2 and Larger: Class 150, ferrous alloy.

3. Swing Check Valves, NPS 2 and Smaller: Type 4, Class 125, bronze.

4, Swing Check Valves, NPS 2-1/2 and Larger: Type Il, Class 125, gray iron.

5. Gate Valves, NPS 2 and Smaller: Type 2, Class 125, bronze.

6. Gate Valves, NPS 2-1/2 and Larger: Type |, Class 125, OS&Y, bronze-mounted cast iron.

7. Globe Valves, NPS 2 and Smaller: Type 2, Class 125, bronze.

8. Globe Valves, NPS 2-1/2 and Larger: Type |, Class 125, bronze-mounted cast iron.
GENERAL DUTY VALVES FOR HVAC PROJECT #3360 230523 -7
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D. Heating Water Piping: Use the following types of valves:

1.
2.
3

ok
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Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.
Ball Valves, NPS 2-1/2 and Larger: Class 150, ferrous alloy.
Swing Check Valves, NPS 2 and Smaller: Type 4, Class 150, bronze.

Butterfly Valves, NPS 3 and Larger. See Part 2 of the specification for details.
Swing Check Valves, NPS 2-1/2 and Larger: Type Il, Class 125, gray iron.

Gate Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.

Gate Valves, NPS 2-1/2 and Larger: Type I, Class 125, OS&Y, bronze-mounted cast iron.
Globe Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.

Globe Valves, NPS 2-1/2 and Larger: Type I, Class 125, bronze-mounted cast iron.

E. Low-Pressure Steam Piping (15 psig maximum): Use the following types of valves:
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Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.

Ball Valves, NPS 2-1/2 and Larger: Class 150, ferrous alloy.

Swing Check Valves, NPS 2 and Smaller: Type 4, Class 150, bronze.

Swing Check Valves, NPS 2-1/2 and Larger: Type Il, Class 125, gray iron.

Gate Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.

Gate Valves, NPS 2-1/2 and Larger: Type I, Class 125, OS&Y, bronze-mounted cast iron.
Globe Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.

Globe Valves, NPS 2-1/2 and Larger: Type I, Class 125, bronze-mounted cast iron.

F. Low-Pressure Steam Condensate Piping: Use the following types of valves:
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Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.

Ball Valves, NPS 2-1/2 and Larger: Class 150, ferrous alloy.

Swing Check Valves, NPS 2 and Smaller: Type 4, Class 150, bronze.

Swing Check Valves, NPS 2-1/2 and Larger: Type Il, Class 125, gray iron.

Gate Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.

Gate Valves, NPS 2-1/2 and Larger: Type I, Class 125, OS&Y, bronze-mounted cast iron.
Globe Valves, NPS 2 and Smaller: Type 2, Class 125, bronze.

Globe Valves, NPS 2-1/2 and Larger: Type |, Class 125, bronze-mounted cast iron.

G. Select valves with the following end connections:

1.
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For Copper Tubing, NPS 2 and Smaller: Solder-joint or threaded ends, except provide
valves with threaded ends for condenser water, heating hot water, steam, and steam
condensate services.

For Copper Tubing, NPS 2-1/2 to NPS 4: Flanged ends.

For Copper Tubing, NPS 5 and Larger: Flanged ends.

For Steel Piping, NPS 2 and Smaller: Threaded ends.

For Steel Piping, NPS 2-1/2 to NPS 4: Flanged ends.

For Steel Piping, NPS 5 and Larger: Flanged ends.

3.3 VALVE INSTALLATION

A. Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

B. Install valves with unions or flanges at each piece of equipment arranged to allow service,
maintenance, and equipment removal without system shutdown.
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3.4

3.5

Locate valves for easy access and provide separate support where necessary.
Install valves in horizontal piping with stem at or above center of pipe.
Install valves in position to allow full stem movement.

Install chainwheel operators on valves NPS 4 and larger and more than 96 inches above floor.
Extend chains to 60 inches above finished floor elevation.

Install check valves for proper direction of flow and as follows:

1. Swing Check Valves: In horizontal position with hinge pin level.

JOINT CONSTRUCTION

Refer to Section "Basic Mechanical Materials and Methods" for basic piping joint construction.
Soldered Joints: Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy
solder; and ASTM B 828 procedure, unless otherwise indicated.

ADJUSTING

Adjust or replace valve packing after piping systems have been tested and put into service but

before final adjusting and balancing. Replace valves if persistent leaking occurs.

END OF SECTION 230523
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SECTION 230529 - HANGERS AND SUPPORTS FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

11

1.2

1.3

1.4

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Metal pipe hangers and supports.
Trapeze pipe hangers.
Thermal-hanger shield inserts.
Fastener systems.

Pipe stands.

Equipment supports.

oakwnE

Related Sections:

1. Division 05 Section "Metal Fabrications" for structural-steel shapes and plates for trapeze
hangers for pipe and equipment supports.

2. Division 23 Section "Expansion Fittings and Loops for HVAC Piping" for pipe guides and
anchors.

3. Division 23 Section "Vibration and Seismic Controls for HYAC Piping and Equipment" for
vibration isolation devices.

4, Division 23 Section(s) "Metal Ducts" and "Nonmetal Ducts" for duct hangers and
supports.
DEFINITIONS

MSS: Manufacturers Standardization Society of the Valve and Fittings Industry Inc.

PERFORMANCE REQUIREMENTS

Delegated Design: Design trapeze pipe hangers and equipment supports, including
comprehensive engineering analysis by a qualified professional engineer, using performance
requirements and design criteria indicated.

Structural Performance: Hangers and supports for HVAC piping and equipment shall withstand
the effects of gravity loads and stresses within limits and under conditions indicated according
to ASCE/SEI 7.

1. Design supports for multiple pipes, including pipe stands, capable of supporting
combined weight of supported systems, system contents, and test water.
2. Design equipment supports capable of supporting combined operating weight of

supported equipment and connected systems and components.
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15 SUBMITTALS
A. Product Data: For each type of product indicated.

B. Shop Drawings: Signed and sealed by a qualified professional engineer. Show fabrication and
installation details and include calculations for the following; include Product Data for
components:

Trapeze pipe hangers.
Metal framing systems.
Fiberglass strut systems.
Pipe stands.

Equipment supports.

kNP

C. Delegated-Design Submittal: For trapeze hangers indicated to comply with performance
requirements and design criteria, including analysis data signed and sealed by the qualified
professional engineer responsible for their preparation.

1. Detall fabrication and assembly of trapeze hangers.
2. Design Calculations: Calculate requirements for designing trapeze hangers.

D. Welding certificates.

1.6 QUALITY ASSURANCE

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

B. Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
Pressure Vessel Code.

PART 2 - PRODUCTS

2.1 METAL PIPE HANGERS AND SUPPORTS
A. Carbon-Steel Pipe Hangers and Supports:

Description: MSS SP-58, Types 1 through 58, factory-fabricated components.
Galvanized Metallic Coatings: Pregalvanized or hot dipped.

Nonmetallic Coatings: Plastic coating, jacket, or liner.

Padded Hangers: Hanger with fiberglass or other pipe insulation pad or cushion to
support bearing surface of piping.

PopE

B. Copper Pipe Hangers:

1. Description: MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated

components.
2. Hanger Rods: Continuous-thread rod, nuts, and washer made of copper-coated steel.
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2.2

2.3

2.4

25

TRAPEZE PIPE HANGERS

Description: MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from
structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-
bolts.

THERMAL-HANGER SHIELD INSERTS

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

Carpenter & Paterson, Inc.

Clement Support Services.

ERICO International Corporation.

National Pipe Hanger Corporation.

PHS Industries, Inc.

Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc.
Piping Technology & Products, Inc.

Rilco Manufacturing Co., Inc.

Value Engineered Products, Inc.
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Insulation-Insert Material for Hot Piping: ASTM C 552, Type Il cellular glass with 100-psig or
ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive strength.

For Trapeze or Clamped Systems: Insert and shield shall cover entire circumference of pipe.
For Clevis or Band Hangers: Insert and shield shall cover lower 180 degrees of pipe.

Insert Length: Extend 2 inches beyond sheet metal shield for piping operating below ambient
air temperature.

FASTENER SYSTEMS

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

Mechanical-Expansion Anchors: Insert-wedge-type, zinc-coated steel anchors, for use in
hardened Portland cement concrete; with pull-out, tension, and shear capacities appropriate for
supported loads and building materials where used.

PIPE STANDS

General Requirements for Pipe Stands: Shop- or field-fabricated assemblies made of
manufactured corrosion-resistant components to support roof-mounted piping.

Compact Pipe Stand: One-piece plastic unit with integral-rod roller, pipe clamps, or V-shaped
cradle to support pipe, for roof installation without membrane penetration.

Low-Type, Single-Pipe Stand: One-piece plastic base unit with plastic roller, for roof installation
without membrane penetration.
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D.

E.

F.

2.6

A.

2.7

A.

B.

High-Type, Single-Pipe Stand:

1. Description: Assembly of base, vertical and horizontal members, and pipe support, for

roof installation without membrane penetration.

Base: Plastic.

Vertical Members: Two or more cadmium-plated-steel or stainless-steel, continuous-

thread rods.

4, Horizontal Member: Cadmium-plated-steel or stainless-steel rod with plastic or stainless-
steel, roller-type pipe support.

2.
3.

High-Type, Multiple-Pipe Stand:

1. Description: Assembly of bases, vertical and horizontal members, and pipe supports, for
roof installation without membrane penetration.

Bases: One or more; plastic.

Vertical Members: Two or more protective-coated-steel channels.

Horizontal Member: Protective-coated-steel channel.

Pipe Supports: Galvanized-steel, clevis-type pipe hangers.
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Curb-Mounted-Type Pipe Stands: Shop- or field-fabricated pipe supports made from structural-
steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof
curb.

EQUIPMENT SUPPORTS
Description: Welded, shop- or field-fabricated equipment support made from structural carbon-
steel shapes.

MISCELLANEOUS MATERIALS

Structural Steel: ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and
galvanized.

Grout: ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and
nonmetallic grout; suitable for interior and exterior applications.

1. Properties: Nonstaining, noncorrosive, and nongaseous.
2. Design Mix: 5000-psi, 28-day compressive strength.

PART 3 - EXECUTION

3.1 HANGER AND SUPPORT INSTALLATION

A. Metal Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Install hangers,
supports, clamps, and attachments as required to properly support piping from the building
structure.

B. Metal Trapeze Pipe-Hanger Installation: Comply with MSS SP-69 and MSS SP-89. Arrange for
grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze
pipe hangers.
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1. Pipes of Various Sizes: Support together and space trapezes for smallest pipe size or
install intermediate supports for smaller diameter pipes as specified for individual pipe
hangers.

2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being
supported. Weld steel according to AWS D1.1/D1.1M.

C. Fiberglass Pipe-Hanger Installation: Comply with applicable portions of MSS SP-69 and
MSS SP-89. Install hangers and attachments as required to properly support piping from
building structure.

D. Metal Framing System Installation: Arrange for grouping of parallel runs of piping, and support
together on field-assembled metal framing systems.

E. Fiberglass Strut System Installation: Arrange for grouping of parallel runs of piping, and support
together on field-assembled fiberglass struts.

F. Thermal-Hanger Shield Installation: Install in pipe hanger or shield for insulated piping.
G. Fastener System Installation:

1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less
than 4 inches thick in concrete after concrete is placed and completely cured. Use
operators that are licensed by powder-actuated tool manufacturer. Install fasteners
according to powder-actuated tool manufacturer's operating manual.

2. Install mechanical-expansion anchors in concrete after concrete is placed and completely
cured. Install fasteners according to manufacturer's written instructions.

H. Pipe Stand Installation:

1. Pipe Stand Types except Curb-Mounted Type: Assemble components and mount on
smooth roof surface. Do not penetrate roof membrane.

2. Curb-Mounted-Type Pipe Stands: Assemble components or fabricate pipe stand and
mount on permanent, stationary roof curb. See Division 07 Section "Roof Accessories"
for curbs.

l. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts,
washers, and other accessories.

J. Equipment Support Installation: Fabricate from welded-structural-steel shapes.

K. Install hangers and supports to allow controlled thermal and seismic movement of piping
systems, to permit freedom of movement between pipe anchors, and to facilitate action of
expansion joints, expansion loops, expansion bends, and similar units.

L. Install lateral bracing with pipe hangers and supports to prevent swaying.

M. Install building attachments within concrete slabs or attach to structural steel. Install additional
attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and
larger and at changes in direction of piping. Install concrete inserts before concrete is placed;
fasten inserts to forms and install reinforcing bars through openings at top of inserts.

N. Load Distribution: Install hangers and supports so that piping live and dead loads and stresses
from movement will not be transmitted to connected equipment.
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3.2

Pipe Slopes: Install hangers and supports to provide indicated pipe slopes and to not exceed
maximum pipe deflections allowed by ASME B31.9 for building services piping.

Insulated Piping:

1. Attach clamps and spacers to piping.
a. Piping Operating above Ambient Air Temperature: Clamp may project through
insulation.
b. Piping Operating below Ambient Air Temperature: Use thermal-hanger shield
insert with clamp sized to match OD of insert.
C. Do not exceed pipe stress limits allowed by ASME B31.9 for building services
piping.
2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is

indicated. Fill interior voids with insulation that matches adjoining insulation.

a. Option: Thermal-hanger shield inserts may be used. Include steel weight-
distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

3. Shield Dimensions for Pipe: Not less than the following:

NPS 1/4 to NPS 3-1/2: 12 inches long and 0.048 inch thick.
NPS 4: 12 inches long and 0.06 inch thick.

NPS 5 and NPS 6: 18 inches long and 0.06 inch thick.
NPS 8 to NPS 14: 24 inches long and 0.075 inch thick.
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4. Pipes NPS 8 and Larger: Include reinforced calcium-silicate-insulation inserts of length
at least as long as protective shield.
5. Thermal-Hanger Shields: Install with insulation same thickness as piping insulation.

EQUIPMENT SUPPORTS

Fabricate structural-steel stands to suspend equipment from structure overhead or to support
equipment above floor.

Grouting: Place grout under supports for equipment and make bearing surface smooth.

Provide lateral bracing, to prevent swaying, for equipment supports.

METAL FABRICATIONS

Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment
supports.

Fit exposed connections together to form hairline joints. Field weld connections that cannot be
shop welded because of shipping size limitations.

Field Welding: Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding;
appearance and quality of welds; and methods used in correcting welding work; and with the
following:
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3.4

3.5

3.6

1. Use materials and methods that minimize distortion and develop strength and corrosion
resistance of base metals.

2. Obtain fusion without undercut or overlap.
3. Remove welding flux immediately.
4. Finish welds at exposed connections so no roughness shows after finishing and so

contours of welded surfaces match adjacent contours.

ADJUSTING

Hanger Adjustments: Adjust hangers to distribute loads equally on attachments and to achieve
indicated slope of pipe.

Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

PAINTING

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

1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.
Touchup: Cleaning and touchup painting of field welds, bolted connections, and abraded areas
of shop paint on miscellaneous metal are specified in Division 09 painting Sections. Section
"High-Performance Coatings."

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

HANGER AND SUPPORT SCHEDULE

Specific hanger and support requirements are in Sections specifying piping systems and
equipment.

Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in
piping system Sections.

Use hangers and supports with galvanized metallic coatings for piping and equipment that will
not have field-applied finish.

Use nonmetallic coatings on attachments for electrolytic protection where attachments are in
direct contact with copper tubing.

Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers and metal framing
systems and attachments for general service applications.

Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
Use padded hangers for piping that is subject to scratching.

Use thermal-hanger shield inserts for insulated piping and tubing.
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l. Horizontal-Piping Hangers and Supports: Unless otherwise indicated and except as specified in
piping system Sections, install the following types:

1. Adjustable, Steel Clevis Hangers (MSS Type 1): For suspension of noninsulated or
insulated, stationary pipes NPS 1/2 to NPS 30.

2. Yoke-Type Pipe Clamps (MSS Type 2): For suspension of up to 1050 deg F, pipes
NPS 4 to NPS 24, requiring up to 4 inches of insulation.

3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3): For suspension of pipes
NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation.

4. Steel Pipe Clamps (MSS Type 4): For suspension of cold and hot pipes NPS 1/2 to
NPS 24 if little or no insulation is required.

5. Pipe Hangers (MSS Type 5): For suspension of pipes NPS 1/2 to NPS 4, to allow off-
center closure for hanger installation before pipe erection.

6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6): For suspension of
noninsulated, stationary pipes NPS 3/4 to NPS 8.

7. Adjustable, Steel Band Hangers (MSS Type 7): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 8.

8. Adjustable Band Hangers (MSS Type 9): For suspension of noninsulated, stationary
pipes NPS 1/2 to NPS 8.

9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10): For suspension of noninsulated,
stationary pipes NPS 1/2 to NPS 8.

10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11): For suspension of
noninsulated, stationary pipes NPS 3/8 to NPS 8.

11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12): For suspension of
noninsulated, stationary pipes NPS 3/8 to NPS 3.

12. U-Bolts (MSS Type 24): For support of heavy pipes NPS 1/2 to NPS 30.

13. Clips (MSS Type 26): For support of insulated pipes not subject to expansion or
contraction.

14. Pipe Saddle Supports (MSS Type 36): For support of pipes NPS 4 to NPS 36, with steel-
pipe base stanchion support and cast-iron floor flange or carbon-steel plate.

15. Pipe Stanchion Saddles (MSS Type 37): For support of pipes NPS 4 to NPS 36, with
steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and
with U-bolt to retain pipe.

16. Single-Pipe Rolls (MSS Type 41): For suspension of pipes NPS 1 to NPS 30, from two
rods if longitudinal movement caused by expansion and contraction might occur.

17. Adjustable Roller Hangers (MSS Type 43): For suspension of pipes NPS 2-1/2 to
NPS 24, from single rod if horizontal movement caused by expansion and contraction
might occur.

18. Complete Pipe Rolls (MSS Type 44): For support of pipes NPS2 to NPS 42 if
longitudinal movement caused by expansion and contraction might occur but vertical
adjustment is not necessary.

19. Pipe Roll and Plate Units (MSS Type 45): For support of pipes NPS 2 to NPS 24 if small
horizontal movement caused by expansion and contraction might occur and vertical
adjustment is not necessary.

J. Vertical-Piping Clamps: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1. Extension Pipe or Riser Clamps (MSS Type 8): For support of pipe risers NPS 3/4 to
NPS 24.

2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42): For support of pipe risers NPS 3/4
to NPS 24 if longer ends are required for riser clamps.

K. Hanger-Rod Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

HANGERS AND SUPPORTS FOR HVAC PROJECT #3360 230529 - 8
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PonE

5.

Steel Turnbuckles (MSS Type 13): For adjustment up to 6 inches for heavy loads.

Steel Clevises (MSS Type 14): For 120 to 450 deg F piping installations.

Swivel Turnbuckles (MSS Type 15): For use with MSS Type 11, split pipe rings.
Malleable-lron Sockets (MSS Type 16): For attaching hanger rods to various types of
building attachments.

Steel Weldless Eye Nuts (MSS Type 17): For 120 to 450 deg F piping installations.

L. Building Attachments: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1.

2.

©ww®

10.

11.

12.

13.
14.
15.

Steel or Malleable Concrete Inserts (MSS Type 18): For upper attachment to suspend
pipe hangers from concrete ceiling.

Top-Beam C-Clamps (MSS Type 19): For use under roof installations with bar-joist
construction, to attach to top flange of structural shape.

Side-Beam or Channel Clamps (MSS Type 20): For attaching to bottom flange of beams,
channels, or angles.

Center-Beam Clamps (MSS Type 21): For attaching to center of bottom flange of beams.
Welded Beam Attachments (MSS Type 22): For attaching to bottom of beams if loads
are considerable and rod sizes are large.

C-Clamps (MSS Type 23): For structural shapes.

Top-Beam Clamps (MSS Type 25): For top of beams if hanger rod is required tangent to
flange edge.

Side-Beam Clamps (MSS Type 27): For bottom of steel I-beams.

Steel-Beam Clamps with Eye Nuts (MSS Type 28): For attaching to bottom of steel I-
beams for heavy loads.

Linked-Steel Clamps with Eye Nuts (MSS Type 29): For attaching to bottom of steel I-
beams for heavy loads, with link extensions.

Malleable-Beam Clamps with Extension Pieces (MSS Type 30): For attaching to
structural steel.

Welded-Steel Brackets: For support of pipes from below or for suspending from above
by using clip and rod. Use one of the following for indicated loads:

a. Light (MSS Type 31): 750 Ib.
b. Medium (MSS Type 32): 1500 Ib.
C. Heavy (MSS Type 33): 3000 Ib.

Side-Beam Brackets (MSS Type 34): For sides of steel or wooden beams.

Plate Lugs (MSS Type 57): For attaching to steel beams if flexibility at beam is required.
Horizontal Travelers (MSS Type 58): For supporting piping systems subject to linear
horizontal movement where headroom is limited.

M.  Saddles and Shields: Unless otherwise indicated and except as specified in piping system
Sections, install the following types:

1.

2.

3.

Steel-Pipe-Covering Protection Saddles (MSS Type 39): To fill interior voids with
insulation that matches adjoining insulation.

Protection Shields (MSS Type 40): Of length recommended in writing by manufacturer to
prevent crushing insulation.

Thermal-Hanger Shield Inserts: For supporting insulated pipe.

N. Spring Hangers and Supports: Unless otherwise indicated and except as specified in piping
system Sections, install the following types:

1. Restraint-Control Devices (MSS Type 47): Where indicated to control piping movement.
2. Spring Cushions (MSS Type 48): For light loads if vertical movement does not exceed 1-
1/4 inches.
HANGERS AND SUPPORTS FOR HVAC PROJECT #3360 230529 - 9
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3. Spring-Cushion Roll Hangers (MSS Type 49): For equipping Type 41, roll hanger with
springs.

4. Spring Sway Braces (MSS Type 50): To retard sway, shock, vibration, or thermal
expansion in piping systems.

5. Variable-Spring Hangers (MSS Type 51): Preset to indicated load and limit variability
factor to 25 percent to allow expansion and contraction of piping system from hanger.

6. Variable-Spring Base Supports (MSS Type 52): Preset to indicated load and limit
variability factor to 25 percent to allow expansion and contraction of piping system from
base support.

7. Variable-Spring Trapeze Hangers (MSS Type 53): Preset to indicated load and limit
variability factor to 25 percent to allow expansion and contraction of piping system from
trapeze support.

8. Constant Supports: For critical piping stress and if necessary to avoid transfer of stress
from one support to another support, critical terminal, or connected equipment. Include
auxiliary stops for erection, hydrostatic test, and load-adjustment capability. These
supports include the following types:

a Horizontal (MSS Type 54): Mounted horizontally.
b. Vertical (MSS Type 55): Mounted vertically.
Trapeze (MSS Type 56): Two vertical-type supports and one trapeze member.

o

0. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not
specified in piping system Sections.

P. Comply with MFMA-103 for metal framing system selections and applications that are not
specified in piping system Sections.

Q. Use powder-actuated fasteners or mechanical-expansion anchors instead of building
attachments where required in concrete construction.

END OF SECTION 230529
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SECTION 230553 - IDENTIFICATION FOR HVAC PIPING AND EQUIPMENT

PART 1 - GENERAL

11

A.

1.2

A.

1.3

w

1.4

A.

B.

C.

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Equipment labels.
Warning signs and labels.
Pipe labels.

Stencils.

Valve tags.

Warning tags.

ogkwnpE

SUBMITTALS
Product Data: For each type of product indicated.

Samples: For color, letter style, and graphic representation required for each identification
material and device.

Equipment Label Schedule: Include a listing of all equipment to be labeled with the proposed
content for each label.

Valve numbering scheme.

Valve Schedules: For each piping system to include in maintenance manuals.

COORDINATION

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

Coordinate installation of identifying devices with locations of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 - PRODUCTS

2.1 EQUIPMENT LABELS
A. Plastic Labels for Equipment:
IDENTIFICATION FOR HVAC PROJECT #3360 230553 -1
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2.2

2.3

=

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving,
1/8 inch thick, and having predrilled holes for attachment hardware.

2. Letter Color: White.

3. Background Color: Black.

4. Maximum Temperature: Able to withstand temperatures up to 160 deg F.

5. Minimum Label Size: Length and width vary for required label content, but not less than
2-1/2 by 3/4 inch.

6. Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24
inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering
for greater viewing distances. Include secondary lettering two-thirds to three-fourths the
size of principal lettering.

7. Fasteners: Stainless-steel rivets or self-tapping screws.

8. Adhesive: Contact-type permanent adhesive, compatible with label and with substrate.

Label Content: Include equipment's Drawing designation or unique equipment number,
Drawing numbers where equipment is indicated (plans, details, and schedules).

Equipment Label Schedule: For each item of equipment to be labeled, on 8-1/2-by-11-inch
bond paper. Tabulate equipment identification number and identify Drawing numbers where
equipment is indicated (plans, details, and schedules), plus the Specification Section number
and title where equipment is specified. Equipment schedule shall be included in operation and
maintenance data.

WARNING SIGNS AND LABELS

Material and Thickness: Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch
thick, and having predrilled holes for attachment hardwatre.

Letter Color: Red.
Background Color: Black.
Maximum Temperature: Able to withstand temperatures up to 160 deg F.

Minimum Label Size: Length and width vary for required label content, but not less than 2-1/2
by 3/4 inch.

Minimum Letter Size: 1/4 inch for name of units if viewing distance is less than 24 inches, 1/2
inch for viewing distances up to 72 inches, and proportionately larger lettering for greater
viewing distances. Include secondary lettering two-thirds to three-fourths the size of principal
lettering.

Fasteners: Stainless-steel rivets or self-tapping screws.

Label Content: Include caution and warning information, plus emergency notification
instructions.

PIPE LABELS

General Requirements for Manufactured Pipe Labels: Preprinted, color-coded, with lettering
indicating service, and showing flow direction.

IDENTIFICATION FOR HVAC PROJECT #3360 230553 - 2
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A.

B.

Pretensioned Pipe Labels: Precoiled, semirigid plastic formed to partially cover circumference
of pipe and to attach to pipe without fasteners or adhesive.

Self-Adhesive Pipe Labels: Printed plastic with contact-type, permanent-adhesive backing.

Pipe Label Contents: Include identification of piping service using same designations or
abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.

1. Flow-Direction Arrows: Integral with piping system service lettering to accommodate both
directions, or as separate unit on each pipe label to indicate flow direction.

2. Lettering Size: At least 1-1/2 inches high.

VALVE TAGS

Valve Tags: Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-
inch numbers.

1. Tag Material: Brass, 0.032-inch, Stainless steel, 0.025-inch minimum thickness, and
having predrilled or stamped holes for attachment hardware.
2. Fasteners: Brass wire-link or beaded chain; or S-hook.

Valve Schedules: For each piping system, on 8-1/2-by-11-inch bond paper. Tabulate valve
number, piping system, system abbreviation (as shown on valve tag), location of valve (room or
space), normal-operating position (open, closed, or modulating), and variations for identification.
Mark valves for emergency shutoff and similar special uses.

1. Valve-tag schedule shall be included in operation and maintenance data.

PART 3 - EXECUTION

3.1 PREPARATION
A. Clean piping and equipment surfaces of substances that could impair bond of identification
devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and
encapsulants.
3.2 EQUIPMENT LABEL INSTALLATION
A. Install or permanently fasten labels on each major item of mechanical equipment.
B. Locate equipment labels where accessible and visible.
3.3 PIPE LABEL INSTALLATION
A. Stenciled Pipe Label Option: Stenciled labels may be provided instead of manufactured pipe
labels, at Installer's option. Install stenciled pipe labels with painted, color-coded bands or
rectangles, complying with ASME A13.1 on each piping system.
1. Identification Paint: Use for contrasting background.
2. Stencil Paint: Use for pipe marking.
IDENTIFICATION FOR HVAC PROJECT #3360 230553 - 3
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B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces;
machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and
exterior exposed locations as follows:

1.

2.
3.

4.
5.

6.

Near each branch connection, excluding short takeoffs for fixtures and terminal units.

Where flow pattern is not obvious, mark each pipe at branch.

Near penetrations through walls, floors, ceilings, and inaccessible enclosures.
At access doors, manholes, and similar access points that permit view of concealed

piping.

Near major equipment items and other points of origination and termination.
Spaced at maximum intervals of 50 feet along each run. Reduce intervals to 25 feet in

areas of congested piping and equipment.

On piping above removable acoustical ceilings. Omit intermediately spaced labels.

C. Pipe Label Color Schedule:

1. Heating Water Piping (HWS & HWR):
a. Background Color: White.
b. Letter Color: Red.
2. Cold Water Make-Up Piping (CW):
a. Background Color: White.
b. Letter Color: Green.
3. Boiler Feed Piping (BF):
a. Background Color: Black.
b. Letter Color: White.
4. Pumped Low-Pressure Steam Condensate Piping (PC):
a. Background Color: Black.
b. Letter Color: White.
5. Low-Pressure Steam Piping (LPS):
a. Background Color: Black.
b. Letter Color: White.
6. Low-Pressure Steam Condensate Piping (LPC):
a. Background Color: Black.
b. Letter Color: Blue.
7. Gas Piping
a. Background Color: White.
b. Letter Color: Yellow.
IDENTIFICATION FOR HVAC PROJECT #3360

PIPING AND EQUIPMENT

230553 -4
JUNE 12, 2018



3.4 VALVE-TAG INSTALLATION

A. Install tags on valves and control devices in piping systems, except check valves; valves within
factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering
hose connections; and HVAC terminal devices and similar roughing-in connections of end-use
fixtures and units. List tagged valves in a valve schedule.

B. Valve-Tag Application Schedule: Tag valves according to size, shape, and color scheme and
with captions similar to those indicated in the following subparagraphs:

1. Valve-Tag Size and Shape:

Hot Water: 1-1/2 inches, square.

Cold Water Make-Up: 1-1/2 inches, square.

Gas: 1-1/2 inches square.

Low-Pressure Steam: 1-1/2 inches round.

Steam Condensate, Boiler Feed, & Pumped Condensate: 1-1/2 inches round.

cooow

2. Valve-Tag Color:

Hot Water: Natural.

Cold Water Make-Up: Natural.

Gas: Yellow.

Low-Pressure Steam: Natural.

Steam Condensate, Boiler Feed, & Pumped Condensate: Natural.

©oaoow

3. Letter Color:

a. Hot Water: Black.
b. Cold Water Make-Up: Black.
C. Gas: White.
d. Low-Pressure Steam: Black.
e. Steam Condensate, Boiler Feed, & Pumped Condensate: Black.
3.5 WARNING-TAG INSTALLATION
A. Write required message on, and attach warning tags to, equipment and other items where
required.
END OF SECTION 230553
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SECTION 230593 - TESTING, ADJUSTING, AND BALANCING FOR HVAC

PART 1 - GENERAL

1.1 RELATED DOCUMENTS
A. Drawings and general provisions of the Contract, including General and Supplementary
Conditions and Division 01 Specification Sections, apply to this Section.
1.2 SUMMARY
A. Section Includes:
1. Balancing Hydronic Piping Systems:
a. Variable-flow hydronic systems.
b. Primary-secondary hydronic systems.
2. Balancing Steam Piping Systems.
1.3 DEFINITIONS
A. AABC: Associated Air Balance Council.
B. NEBB: National Environmental Balancing Bureau.
C. TAB: Testing, adjusting, and balancing.
D. TABB: Testing, Adjusting, and Balancing Bureau.
E. TAB Specialist: An entity engaged to perform TAB Work.
14 SUBMITTALS
A. Qualification Data: 30 days of Contractor's Notice to Proceed, submit documentation that the
TAB contractor and this Project's TAB team members meet the qualifications specified in
"Quality Assurance" Article.
B. Contract Documents Examination Report: Within 30 days of Contractor's Notice to Proceed,
submit the Contract Documents review report as specified in Part 3.
C. Strategies and Procedures Plan: Within 60 days of Contractor's Notice to Proceed, submit TAB
strategies and step-by-step procedures as specified in "Preparation” Article.
D. Certified TAB reports.
E. Sample report forms.
F. Instrument calibration reports, to include the following:
TESTING, ADJUSTING, AND BALANC- PROJECT #3360 230593-1
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1.5

1.6

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

OrwnpE

QUALITY ASSURANCE
TAB Contractor Qualifications: Engage a TAB entity certified by AABC, NEBB or TABB.

1. TAB Field Supervisor: Employee of the TAB contractor and certified by AABC, NEBB or
TABB.

2. TAB Technician: Employee of the TAB contractor and who is certified by AABC, NEBB
or TABB as a TAB technician.

TAB Conference: Meet with Architect or Owner on approval of the TAB strategies and
procedures plan to develop a mutual understanding of the details. Require the participation of
the TAB field supervisor and technicians. Provide seven days' advance notice of scheduled
meeting time and location.

1. Agenda Items:

The Contract Documents examination report.

The TAB plan.

Coordination and cooperation of trades and subcontractors.
Coordination of documentation and communication flow.

coop

Certify TAB field data reports and perform the following:

1. Review field data reports to validate accuracy of data and to prepare certified TAB
reports.

2. Certify that the TAB team complied with the approved TAB plan and the procedures
specified and referenced in this Specification.

TAB Report Forms: Use standard TAB contractor's forms approved by Architect or
Commissioning Authority.

Instrumentation Type, Quantity, Accuracy, and Calibration: As described in ASHRAE 111,
Section 5, "Instrumentation."

PROJECT CONDITIONS

Full Owner Occupancy: Owner will occupy the site and existing building during entire TAB
period. Cooperate with Owner during TAB operations to minimize conflicts with Owner's
operations.

Partial Owner Occupancy: Owner may occupy completed areas of building before Substantial
Completion. Cooperate with Owner during TAB operations to minimize conflicts with Owner's
operations.
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1.7

A.

B.

COORDINATION

Notice: Provide seven days' advance notice for each test. Include scheduled test dates and
times.

Perform TAB after leakage and pressure tests on air and water distribution systems have been
satisfactorily completed.

PART 2 - PRODUCTS (Not Applicable)

PART 3 - EXECUTION

3.1

A.

3.2

A.

C.

TAB SPECIALISTS

Subject to compliance with requirements, available TAB contractors that may be engaged
include, but are not limited to, the following:

1. USC Environmental Inc. - James Stainer, President, Phone: (908) 722-3330.

EXAMINATION

Examine the Contract Documents to become familiar with Project requirements and to discover
conditions in systems' designs that may preclude proper TAB of systems and equipment.

Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer
wells, flow-control devices, balancing valves and fittings, and manual volume dampers. Verify
that locations of these balancing devices are accessible.

Examine the approved submittals for HYAC systems and equipment.

Examine design data including HVAC system descriptions, statements of design assumptions
for environmental conditions and systems' output, and statements of philosophies and
assumptions about HVAC system and equipment controls.

Examine ceiling plenums used for return, or relief air to verify that they meet the leakage class
of connected ducts as specified in Division 23 Section "Metal Ducts" and are properly separated
from adjacent areas. Verify that penetrations in plenum walls are sealed and fire-stopped if
required.

Examine equipment performance data including fan and pump curves.

1. Relate performance data to Project conditions and requirements, including system effects
that can create undesired or unpredicted conditions that cause reduced capacities in all
or part of a system.

2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when
installed under conditions different from the conditions used to rate equipment
performance. To calculate system effects for air systems, use tables and charts found in
AMCA 201, "Fans and Systems," or in SMACNA's "HVAC Systems - Duct Design."
Compare results with the design data and installed conditions.
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3.3

Examine system and equipment installations and verify that field quality-control testing,
cleaning, and adjusting specified in individual Sections have been performed.

Examine test reports specified in individual system and equipment Sections.

Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned
and tight, and equipment with functioning controls is ready for operation.

Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible
and their controls are connected and functioning.

Examine strainers. Verify that startup screens are replaced by permanent screens with
indicated perforations.

Examine three-way valves for proper installation for their intended function of diverting or mixing
fluid flows.

Examine heat-transfer coils for correct piping connections and for clean and straight fins.
Examine system pumps to ensure absence of entrained air in the suction piping.
Examine operating safety interlocks and controls on HVAC equipment.

Report deficiencies discovered before and during performance of TAB procedures. Observe
and record system reactions to changes in conditions. Record default set points if different from
indicated values.

PREPARATION
Prepare a TAB plan that includes strategies and step-by-step procedures.
Complete system-readiness checks and prepare reports. Verify the following:

Permanent electrical-power wiring is complete.

Hydronic systems are filled, clean, and free of air.

Automatic temperature-control systems are operational.

Equipment and duct access doors are securely closed.

Balance, smoke, and fire dampers are open.

Isolating and balancing valves are open and control valves are operational.

Ceilings are installed in critical areas where air-pattern adjustments are required and
access to balancing devices is provided.

Windows and doors can be closed so indicated conditions for system operations can be
met.

NookrwWNE
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Review all contract documents, existing conditions, and as-built conditions pertaining to the
HVAC systems.

Mechanical Contractor shall provide all equipment, material, parts, supplies, and labor to
balance all HVAC equipment to owner’s satisfaction.
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3.4

3.5

GENERAL PROCEDURES FOR TESTING AND BALANCING

Perform testing and balancing procedures on each system according to the procedures
contained in AABC's "National Standards for Total System Balance" or NEBB's "Procedural
Standards for Testing, Adjusting, and Balancing of Environmental Systems" and in this Section.

1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

Cut insulation, pipes, and equipment cabinets for installation of test probes to the minimum
extent necessary for TAB procedures.

1. After testing and balancing, patch probe holes in with same material and thickness as
used to construct ducts.
2. Install and join new insulation that matches removed materials. Restore insulation,

coverings, vapor barrier, and finish according to Division 23 Section "HVAC Insulation."

Mark equipment and balancing devices, including damper-control positions, valve position
indicators, fan-speed-control levers, and similar controls and devices, with paint or other
suitable, permanent identification material to show final settings.

Take and report testing and balancing measurements in inch-pound units.

GENERAL PROCEDURES FOR HYDRONIC SYSTEMS

Prepare test reports with pertinent design data, and number in sequence starting at pump to
end of system. Check the sum of branch-circuit flows against the approved pump flow rate.
Correct variations that exceed plus or minus 5 percent.

Prepare schematic diagrams of systems' "as-built" piping layouts.
Prepare hydronic systems for testing and balancing according to the following, in addition to the
general preparation procedures specified above:

Open all manual valves for maximum flow.

Check liquid level in expansion tank.

Check makeup water-station pressure gage for adequate pressure for highest vent.
Check flow-control valves for specified sequence of operation, and set at indicated flow.
Set differential-pressure control valves at the specified differential pressure. Do not set at
fully closed position when pump is positive-displacement type unless several terminal
valves are kept open.

Set system controls so automatic valves are wide open to heat exchangers.

Check pump-motor load. If motor is overloaded, throttle main flow-balancing device so
motor nameplate rating is not exceeded.

8. Check air vents for a forceful liquid flow exiting from vents when manually operated.

RN P
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3.6 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS
A. Measure water flow at pumps. Use the following procedures except for positive-displacement
pumps:
1. Verify impeller size by operating the pump with the discharge valve closed. Read
pressure differential across the pump. Convert pressure to head and correct for
TESTING, ADJUSTING, AND BALANC-  PROJECT #3360 230593 - 5
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differences in gage heights. Note the point on manufacturer's pump curve at zero flow
and verify that the pump has the intended impeller size.

a. If impeller sizes must be adjusted to achieve pump performance, obtain approval
from Owner and comply with requirements in Division 23 Section "Hydronic
Pumps."
2. Check system resistance. With all valves open, read pressure differential across the

pump and mark pump manufacturer's head-capacity curve. Adjust pump discharge valve
until indicated water flow is achieved.

a. Monitor motor performance during procedures and do not operate motors in
overload conditions.

3. Verify pump-motor brake horsepower. Calculate the intended brake horsepower for the
system based on pump manufacturer's performance data. Compare calculated brake
horsepower with nameplate data on the pump motor. Report conditions where actual
amperage exceeds motor nameplate amperage.

4. Report flow rates that are not within plus or minus 10 percent of design.

B. Measure flow at all automatic flow control valves to verify that valves are functioning as
designed.

C. Measure flow at all pressure-independent characterized control valves, with valves in fully open
position, to verify that valves are functioning as designed.

D. Set calibrated balancing valves, if installed, at calculated presettings.
E. Measure flow at all stations and adjust, where necessary, to obtain first balance.

1. System components that have Cv rating or an accurately cataloged flow-pressure-drop
relationship may be used as a flow-indicating device.

F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5
percent greater than indicated flow.

G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:

1. Determine the balancing station with the highest percentage over indicated flow.

2. Adjust each station in turn, beginning with the station with the highest percentage over
indicated flow and proceeding to the station with the lowest percentage over indicated
flow.

3. Record settings and mark balancing devices.

H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump
heads, and systems' pressures and temperatures including outdoor-air temperature.

l. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing.

J. Check settings and operation of each safety valve. Record settings.
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3.7

PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS

A. Balance systems with automatic two- and three-way control valves by setting systems at
maximum flow through heat-exchange terminals and proceed as specified above for hydronic
systems.

3.8 PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS
A. Balance the primary circuit flow first and then balance the secondary circuits.
3.9 PROCEDURES FOR STEAM SYSTEMS

A. Measure and record upstream and downstream pressure of each piece of equipment.

B. Measure and record upstream and downstream steam pressure of pressure-reducing valves.

C. Check settings and operation of automatic temperature-control valves, self-contained control
valves, and pressure-reducing valves. Record final settings.

D. Check settings and operation of each safety valve. Record settings.

E. Verify the operation of each steam trap.

3.10 PROCEDURES FOR MOTORS

A. Motors, 1/2 HP and Larger: Test at final balanced conditions and record the following data:

1. Manufacturer's name, model number, and serial number.
2. Motor horsepower rating.

3. Motor rpm.

4, Efficiency rating.

5. Nameplate and measured voltage, each phase.

6. Nameplate and measured amperage, each phase.

7. Starter thermal-protection-element rating.

B. Motors Driven by Variable-Frequency Controllers: Test for proper operation at speeds varying
from minimum to maximum. Test the manual bypass of the controller to prove proper operation.
Record observations including name of controller manufacturer, model number, serial number,
and nameplate data.

3.11 PROCEDURES FOR BOILERS

A. Steam Boilers: Measure and record entering-water temperature and flow and leaving-steam
pressure, temperature, and flow.

3.12 PROCEDURES FOR HEAT EXCHANGERS

A. Measure water flow through all circuits.

B. Adjust water flow to within specified tolerances.
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C. Measure inlet and outlet water temperatures.
D. Measure inlet steam pressure.
E. Check settings and operation of safety and relief valves. Record settings.
3.13 PROCEDURES FOR HEAT-TRANSFER COILS
A. Measure, adjust, and record the following data for each water coil:
1. Entering- and leaving-water temperature.
2. Water flow rate.
3. Water pressure drop.
4, Dry-bulb temperature of entering and leaving air.
5. Wet-bulb temperature of entering and leaving air for cooling coils.
6. Airflow.
7. Air pressure drop.
B. Measure, adjust, and record the following data for each electric heating coil:
1. Nameplate data.
2. Airflow.
3. Entering- and leaving-air temperature at full load.
4, Voltage and amperage input of each phase at full load and at each incremental stage.
5. Calculated kilowatt at full load.
6. Fuse or circuit-breaker rating for overload protection.
C. Measure, adjust, and record the following data for each steam coil:
1. Dry-bulb temperature of entering and leaving air.
2. Airflow.
3. Air pressure drop.
4. Inlet steam pressure.
D. Measure, adjust, and record the following data for each refrigerant coil:
1. Dry-bulb temperature of entering and leaving air.
2. Wet-bulb temperature of entering and leaving air.
3. Airflow.
4, Air pressure drop.
5. Refrigerant suction pressure and temperature.
3.14 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS
A. Perform a preconstruction inspection of existing equipment that is to remain and be reused.
1. Measure and record the operating speed, airflow, and static pressure of each fan.
2. Measure motor voltage and amperage. Compare the values to motor nameplate
information.
3. Check the refrigerant charge.
4, Check the condition of filters.
5. Check the condition of coils.
6. Check the operation of the drain pan and condensate-drain trap.
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7. Check bearings and other lubricated parts for proper lubrication.
8. Report on the operating condition of the equipment and the results of the measurements
taken. Report deficiencies.

B. Before performing testing and balancing of existing systems, inspect existing equipment that is
to remain and be reused to verify that existing equipment has been cleaned and refurbished.
Verify the following:

New filters are installed.

Coils are clean and fins combed.

Drain pans are clean.

Fans are clean.

Bearings and other parts are properly lubricated.

Deficiencies noted in the preconstruction report are corrected.

oakonpE

C. Perform testing and balancing of existing systems to the extent that existing systems are
affected by the renovation work.

1. Compare the indicated airflow of the renovated work to the measured fan airflows, and
determine the new fan speed and the face velocity of filters and coils.

2. Verify that the indicated airflows of the renovated work result in filter and coil face
velocities and fan speeds that are within the acceptable limits defined by equipment
manufacturer.

3. If calculations increase or decrease the air flow rates and water flow rates by more than 5

percent, make equipment adjustments to achieve the calculated rates. If increase or
decrease is 5 percent or less, equipment adjustments are not required.
4. Balance each air outlet.

3.15 TOLERANCES

A. Set HVAC system's air flow rates and water flow rates within the following tolerances:

1. Supply, Return, and Exhaust Fans and Equipment with Fans: Plus or minus 10 percent.
2. Air Outlets and Inlets: Plus or minus 10 percent.
3. Heating-Water Flow Rate: Plus or minus 10 percent.

3.16 REPORTING

A. Initial Construction-Phase Report: Based on examination of the Contract Documents as
specified in "Examination" Article, prepare a report on the adequacy of design for systems'
balancing devices. Recommend changes and additions to systems' balancing devices to
facilitate proper performance measuring and balancing. Recommend changes and additions to
HVAC systems and general construction to allow access for performance measuring and
balancing devices.

B. Status Reports: Prepare monthly progress reports to describe completed procedures,
procedures in progress, and scheduled procedures. Include a list of deficiencies and problems
found in systems being tested and balanced. Prepare a separate report for each system and
each building floor for systems serving multiple floors.

TESTING, ADJUSTING, AND BALANC- PROJECT #3360 230593 - 9
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3.17 FINAL REPORT

A. General: Prepare a certified written report; tabulate and divide the report into separate sections
for tested systems and balanced systems.

1. Include a certification sheet at the front of the report's binder, signed and sealed by the
certified testing and balancing engineer.
2. Include a list of instruments used for procedures, along with proof of calibration.
B. Final Report Contents: In addition to certified field-report data, include the following:
1. Pump curves.
2. Fan curves.
3. Manufacturers' test data.
4, Field test reports prepared by system and equipment installers.
5. Other information relative to equipment performance; do not include Shop Drawings and

product data.

C. General Report Data: In addition to form titles and entries, include the following data:

BoOo~NoOoO~ONE

12.
13.
14.
15.

Title page.

Name and address of the TAB contractor.

Project name.

Project location.

Architect's name and address.

Engineer's name and address.

Contractor's name and address.

Report date.

Signature of TAB supervisor who certifies the report.
Table of Contents with the total number of pages defined for each section of the report.
Number each page in the report.

Summary of contents including the following:

a. Indicated versus final performance.

b. Notable characteristics of systems.

C. Description of system operation sequence if it varies from the Contract
Documents.

Nomenclature sheets for each item of equipment.

Data for terminal units, including manufacturer's name, type, size, and fittings.

Notes to explain why certain final data in the body of reports vary from indicated values.
Test conditions for fans and pump performance forms including the following:

Settings for outdoor-, return-, and exhaust-air dampers.

Conditions of filters.

Cooling coil, wet- and dry-bulb conditions.

Face and bypass damper settings at coils.

Fan drive settings including settings and percentage of maximum pitch diameter.
Inlet vane settings for variable-air-volume systems.

Settings for supply-air, static-pressure controller.

Other system operating conditions that affect performance.

Se@moao o

D. System Diagrams: Include schematic layouts of air and hydronic distribution systems. Present
each system with single-line diagram and include the following:
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Quantities of outdoor, supply, return, and exhaust airflows.
Water and steam flow rates.

Duct, outlet, and inlet sizes.

Pipe and valve sizes and locations.

Terminal units.

Balancing stations.

Position of balancing devices.

E. Apparatus-Coil Test Reports:

1.

Coil Data:

T Tse@moaooTp

System identification.
Location.

Coil type.

Number of rows.

Fin spacing in fins per inch o.c.
Make and model number.
Face area in sq. ft.

Tube size in NPS.

Tube and fin materials.
Circuiting arrangement.

Test Data (Indicated and Actual Values):

OS3TATITSQ@T0o0 T

Air flow rate in cfm.

Average face velocity in fpm.

Air pressure drop in inches wg.

Outdoor-air, wet- and dry-bulb temperatures in deg F.
Return-air, wet- and dry-bulb temperatures in deg F.
Entering-air, wet- and dry-bulb temperatures in deg F.
Leaving-air, wet- and dry-bulb temperatures in deg F.
Water flow rate in gpm.

Water pressure differential in feet of head or psig.
Entering-water temperature in deg F.

Leaving-water temperature in deg F.

Refrigerant expansion valve and refrigerant types.
Refrigerant suction pressure in psig.

Refrigerant suction temperature in deg F.

Inlet steam pressure in psig.

F. Gas- and Oil-Fired Heat Apparatus Test Reports: In addition to manufacturer's factory startup
equipment reports, include the following:

1.

Unit Data:

T sameoooTe

System identification.
Location.

Make and type.

Model number and unit size.
Manufacturer's serial number.
Fuel type in input data.
Output capacity in Btu/h.
Ignition type.

Burner-control types.

Motor horsepower and rpm.
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k. Motor volts, phase, and hertz.

l. Motor full-load amperage and service factor.

m.  Sheave make, size in inches, and bore.

n. Center-to-center dimensions of sheave, and amount of adjustments in inches.

2. Test Data (Indicated and Actual Values):

Total air flow rate in cfm.

Entering-air temperature in deg F.
Leaving-air temperature in deg F.

Air temperature differential in deg F.
Entering-air static pressure in inches wg.
Leaving-air static pressure in inches wg.
Air static-pressure differential in inches wg.
Low-fire fuel input in Btu/h.

High-fire fuel input in Btu/h.

Manifold pressure in psig.
High-temperature-limit setting in deg F.
Operating set point in Btu/h.

Motor voltage at each connection.

Motor amperage for each phase.
Heating value of fuel in Btu/h.

°oS3TARTTSQ@ 00T

G. Fan Test Reports: For supply, return, and exhaust fans, include the following:
1. Fan Data:

System identification.

Location.

Make and type.

Model number and size.

Manufacturer's serial number.

Arrangement and class.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustments in inches.

Se@~ooo0oTy

2. Motor Data:

Motor make, and frame type and size.

Horsepower and rpm.

Volts, phase, and hertz.

Full-load amperage and service factor.

Sheave make, size in inches, and bore.

Center-to-center dimensions of sheave, and amount of adjustments in inches.
Number, make, and size of belts.

N

3. Test Data (Indicated and Actual Values):

a. Total airflow rate in cfm.
b. Total system static pressure in inches wg.
C. Fan rpm.
d. Discharge static pressure in inches wg.
e. Suction static pressure in inches wg.
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H. Pump Test Reports: Calculate impeller size by plotting the shutoff head on pump curves and
include the following:

1. Unit Data:

Unit identification.

Location.

Service.

Make and size.

Model number and serial number.

Water flow rate in gpm.

Water pressure differential in feet of head or psig.
Required net positive suction head in feet of head or psig.
Pump rpm.

Impeller diameter in inches.

Motor make and frame size.

Motor horsepower and rpm.

Voltage at each connection.

Amperage for each phase.

Full-load amperage and service factor.

Seal type.

TOoS3TATITS@TOoQ0Te

2. Test Data (Indicated and Actual Values):

Static head in feet of head or psig.

Pump shutoff pressure in feet of head or psig.
Actual impeller size in inches.

Full-open flow rate in gpm.

Full-open pressure in feet of head or psig.
Final discharge pressure in feet of head or psig.
Final suction pressure in feet of head or psig.
Final total pressure in feet of head or psig.
Final water flow rate in gpm.

Voltage at each connection.

Amperage for each phase.

AT T@moooTe

l. Instrument Calibration Reports:
1. Report Data:

Instrument type and make.
Serial number.
Application.

Dates of use.

Dates of calibration.

PoooTp

3.18 INSPECTIONS
A. Initial Inspection:

1. After testing and balancing are complete, operate each system and randomly check
measurements to verify that the system is operating according to the final test and
balance readings documented in the final report.

2. Check the following for each system:

TESTING, ADJUSTING, AND BALANC- PROJECT #3360 230593 - 13
ING FOR HVAC JUNE 12, 2018



a. Measure airflow of at least 10 percent of air outlets.

b. Measure water flow of at least 5 percent of terminals.
C. Measure room temperature at each thermostat/temperature sensor. Compare the
reading to the set point.
d. Verify that balancing devices are marked with final balance position.
e. Note deviations from the Contract Documents in the final report.
B. Final Inspection:

1. After initial inspection is complete and documentation by random checks verifies that
testing and balancing are complete and accurately documented in the final report,
request that a final inspection be made by Owner, Construction Manager, or
Commissioning Authority.

2. The TAB contractor's test and balance engineer shall conduct the inspection in the
presence of Owner or Construction Manager.

3. Owner or Construction Manager shall randomly select measurements, documented in the
final report, to be rechecked. Rechecking shall be limited to either 10 percent of the total
measurements recorded or the extent of measurements that can be accomplished in a
normal 8-hour business day.

4. If rechecks yield measurements that differ from the measurements documented in the
final report by more than the tolerances allowed, the measurements shall be noted as
"FAILED."

5. If the number of "FAILED" measurements is greater than 10 percent of the total

measurements checked during the final inspection, the testing and balancing shall be
considered incomplete and shall be rejected.

C. TAB Work will be considered defective if it does not pass final inspections. If TAB Work fails,
proceed as follows:

1.

Recheck all measurements and make adjustments. Revise the final report and balancing
device settings to include all changes; resubmit the final report and request a second final
inspection.

If the second final inspection also fails, Owner may contract the services of another TAB
contractor to complete TAB Work according to the Contract Documents and deduct the
cost of the services from the original TAB contractor's final payment.

D. Prepare test and inspection reports.

3.19 ADDITIONAL TESTS

A. Within

90 days of completing TAB, perform additional TAB to verify that balanced conditions are

being maintained throughout and to correct unusual conditions.

B. Seaso
winter

nal Periods: If initial TAB procedures were not performed during near-peak summer and
conditions, perform additional TAB during near-peak summer and winter conditions.

END OF SECTION 230593

TESTING, ADJUSTING, AND BALANC- PROJECT #3360 230593 - 14

ING FOR HVAC

JUNE 12, 2018



SECTION 230719 - HVAC PIPING INSULATION

PART 1 - GENERAL

11

1.2

1.3

1.4

RELATED DOCUMENTS

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

SUMMARY

Section includes insulating the following HVAC piping systems:

1. Hydronic piping, indoors including air separator and expansion tanks.
2. Low-pressure steam and condensate piping, indoors.
SUBMITTALS

Product Data: For each type of product indicated. Include thermal conductivity, water-vapor
permeance thickness, and jackets (both factory and field applied if any).

Shop Drawings: Include plans, elevations, sections, details, and attachments to other work.

1. Detall application of protective shields, saddles, and inserts at hangers for each type of
insulation and hanger.

2. Detall insulation application at pipe expansion joints for each type of insulation.

3. Detall insulation application at elbows, fittings, flanges, valves, and specialties for each

type of insulation.
4, Detall application of field-applied jackets.

Qualification Data: For qualified Installer.

Material Test Reports: From a qualified testing agency acceptable to authorities having
jurisdiction indicating, interpreting, and certifying test results for compliance of insulation
materials, sealers, attachments, cements, and jackets, with requirements indicated. Include
dates of tests and test methods employed.

Field quality-control reports.

QUALITY ASSURANCE

Installer Qualifications: Skilled mechanics who have successfully completed an apprenticeship
program or another craft training program certified by the Department of Labor, Bureau of
Apprenticeship and Training.

Surface-Burning Characteristics: For insulation and related materials, as determined by testing
identical products according to ASTM E 84, by a testing and inspecting agency acceptable to
authorities having jurisdiction. Factory label insulation and jacket materials and adhesive,
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A.

1.6

A.

B.

1.7

A.

B.

mastic, tapes, and cement material containers, with appropriate markings of applicable testing

agency.

1. Insulation Installed Indoors: Flame-spread index of 25 or less, and smoke-developed
index of 50 or less.

DELIVERY, STORAGE, AND HANDLING

Packaging: Insulation material containers shall be marked by manufacturer with appropriate
ASTM standard designation, type and grade, and maximum use temperature.

COORDINATION

Coordinate sizes and locations of supports, hangers, and insulation shields specified in
Division 23 Section "Hangers and Supports for HYAC Piping and Equipment.”

Coordinate clearance requirements with piping Installer for piping insulation application. Before
preparing piping Shop Drawings, establish and maintain clearance requirements for installation
of insulation and field-applied jackets and finishes and for space required for maintenance.

SCHEDULING
Schedule insulation application after pressure testing systems and, where required, after
installing and testing heat tracing. Insulation application may begin on segments that have

satisfactory test results.

Complete installation and concealment of plastic materials as rapidly as possible in each area of
construction.

PART 2 - PRODUCTS

2.1 INSULATION MATERIALS
A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation
Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground
Piping Insulation Schedule" articles for where insulating materials shall be applied.
B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
C. Products that come in contact with stainless steel shall have a leachable chloride content of less
than 50 ppm when tested according to ASTM C 871.
D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable
according to ASTM C 795.
E. Mineral-Fiber, Preformed Pipe Insulation:
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include the following:
a. Fibrex Insulations Inc.; Coreplus 1200.
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2.2

2.3

b. Johns Manville; Micro-Lok.
C. Knauf Insulation; 1000-Degree Pipe Insulation.
d. Manson Insulation Inc.; Alley-K.
e. Owens Coming; Fiberglas Pipe Insulation.
2. Type |, 850 deg F Materials: Mineral or glass fibers bonded with a thermosetting resin.

Comply with ASTM C 547, Type |, Grade A, with factory-applied ASJ. Factory-applied
jacket requirements are specified in "Factory-Applied Jackets" Article.

INSULATING CEMENTS
Mineral-Fiber Insulating Cement: Comply with ASTM C 195.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Ramco Insulation, Inc.; Super-Stik.

ADHESIVES

Materials shall be compatible with insulation materials, jackets, and substrates and for bonding
insulation to itself and to surfaces to be insulated unless otherwise indicated.

Mineral-Fiber Adhesive: Comply with MIL-A-3316C, Class 2, Grade A.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-127.

b. Eagle Bridges - Marathon Industries; 225.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-60/85-70.

d. Mon-Eco Industries, Inc.; 22-25.

2. For indoor applications, use adhesive that has a VOC content of 80 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

3. Use adhesive that complies with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers," including
2004 Addenda.

ASJ Adhesive, and FSK and PVDC Jacket Adhesive: Comply with MIL-A-3316C, Class 2,
Grade A for bonding insulation jacket lap seams and joints.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-82.
b. Eagle Bridges - Marathon Industries; 225.
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25

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 85-50.
d. Mon-Eco Industries, Inc.; 22-25.

2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

3. Use adhesive that complies with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers," including
2004 Addenda.

MASTICS

Materials shall be compatible with insulation materials, jackets, and substrates; comply with
MIL-PRF-19565C, Type Il

1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Vapor-Barrier Mastic: Water based; suitable for indoor use on below-ambient services.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include the following:

a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-80/30-90.
b. Vimasco Corporation; 749.

2. Water-Vapor Permeance: ASTM E 96/E 96M, Procedure B, 0.013 permat 43-mildry film
thickness.

3. Service Temperature Range: Minus 20 to plus 180 deg F

4, Solids Content: ASTM D 1644, 58 percent by volume and 70 percent by weight.

5. Color: White.

LAGGING ADHESIVES

Description: Comply with MIL-A-3316C, Class|, Grade A and shall be compatible with
insulation materials, jackets, and substrates.

1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less
when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

2. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-50 AHV2.
b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-36.
C. Vimasco Corporation; 713 and 714.
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2.7

3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-
resistant lagging cloths over pipe insulation.

4. Service Temperature Range: O to plus 180 deg F

5. Color: White.

SEALANTS

Joint Sealants:

1.

Joint Sealants for Cellular-Glass, Phenolic, and Polyisocyanurate Products: Subject to
compliance with requirements, available products that may be incorporated into the Work
include the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

b. Eagle Bridges - Marathon Industries; 405.

C. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; 30-45.

d. Mon-Eco Industries, Inc.; 44-05.

e. Pittsburgh Corning Corporation; Pittseal 444.

ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:

1.

akrwn
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Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller
Company; CP-76.

Materials shall be compatible with insulation materials, jackets, and substrates.
Fire- and water-resistant, flexible, elastomeric sealant.

Service Temperature Range: Minus 40 to plus 250 deg F

Color: White.

For indoor applications, use sealants that have a VOC content of 420 g/L or less when
calculated according to 40 CFR 59, Subpart D (EPA Method 24).

Use sealants that comply with the testing and product requirements of the California
Department of Health Services' "Standard Practice for the Testing of Volatile Organic
Emissions from Various Sources Using Small-Scale Environmental Chambers," including
2004 Addenda.

FACTORY-APPLIED JACKETS

Insulation system schedules indicate factory-applied jackets on various applications. When
factory-applied jackets are indicated, comply with the following:

1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing;
complying with ASTM C 1136, Type |.
2. ASJ-SSL: ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a
removable protective strip; complying with ASTM C 1136, Type I.
3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing;
complying with ASTM C 1136, Type II.
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FSP Jacket: Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing;
complying with ASTM C 1136, Type II.

PVDC Jacket for Indoor Applications: 4-mil-white PVYDC biaxially oriented barrier film
with a permeance at 0.02 perm when tested according to ASTM E 96/E 96M and with a
flame-spread index of 5 and a smoke-developed index of 20 when tested according to
ASTM E 84.

a. Products: Subject to compliance with requirements, available products that may
be incorporated into the Work include the following:

1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and
Saran 560 Vapor Retarder Film.
Vinyl Jacket: White vinyl with a permeance of 1.3 perms when tested according to
ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B.

FIELD-APPLIED JACKETS

Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.

FSK Jacket: Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.

PVC Jacket: High-impact-resistant, UV-resistant PVC complying with ASTM D 1784,
Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.
Thickness is indicated in field-applied jacket schedules.

1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include the following:

a. Johns Manville; Zeston.

b. P.1.C. Plastics, Inc.; FG Series.

C. Proto Corporation; LoSmoke.

d. Speedline Corporation; SmokeSafe.

2. Adhesive: As recommended by jacket material manufacturer.
3. Color: White.
4, Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.

a. Shapes: 45- and 90-degree, short- and long-radius elbows, tees, valves, flanges,
unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap
and supply covers for lavatories.

2.9 SECUREMENTS
Bands:
1. Products: Subject to compliance with requirements, available products that may be
incorporated into the Work include, but are not limited to, the following:

a. ITW Insulation Systems; Gerrard Strapping and Seals.

b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.
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2. Stainless Steel: ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015 inch thick, 1/2
inch3/4 inch wide with wing seal.

Staples: Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel.

PART 3 - EXECUTION

3.1

3.2

3.3

EXAMINATION

Examine substrates and conditions for compliance with requirements for installation tolerances
and other conditions affecting performance of insulation application.

1. Verify that systems to be insulated have been tested and are free of defects.
2. Verify that surfaces to be insulated are clean and dry.
3. Proceed with installation only after unsatisfactory conditions have been corrected.

PREPARATION

Surface Preparation: Clean and dry surfaces to receive insulation. Remove materials that will
adversely affect insulation application.

Surface Preparation: Clean and prepare surfaces to be insulated. Before insulating, apply a
corrosion coating to insulated surfaces as follows:

1. Stainless Steel: Coat 300 series stainless steel with an epoxy primer 5 mils thick and an
epoxy finish 5 mils thick if operating in a temperature range between 140 and 300 deg F
Consult coating manufacturer for appropriate coating materials and application methods
for operating temperature range.

2. Carbon Steel: Coat carbon steel operating at a service temperature between 32 and 300
deg F with an epoxy coating. Consult coating manufacturer for appropriate coating
materials and application methods for operating temperature range.

Coordinate insulation installation with the trade installing heat tracing. Comply with
requirements for heat tracing that apply to insulation.

Mix insulating cements with clean potable water; if insulating cements are to be in contact with
stainless-steel surfaces, use demineralized water.
GENERAL INSTALLATION REQUIREMENTS

Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces;
free of voids throughout the length of piping including fittings, valves, and specialties.

Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required
for each item of pipe system as specified in insulation system schedules.

Install accessories compatible with insulation materials and suitable for the service. Install
accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or
dry state.

Install insulation with longitudinal seams at top and bottom of horizontal runs.
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E. Install multiple layers of insulation with longitudinal and end seams staggered.
F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
G. Keep insulation materials dry during application and finishing.

H. Install insulation with tight longitudinal seams and end joints. Bond seams and joints with
adhesive recommended by insulation material manufacturer.

l. Install insulation with least number of joints practical.

J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers,
supports, anchors, and other projections with vapor-barrier mastic.

1. Install insulation continuously through hangers and around anchor attachments.

2. For insulation application where vapor barriers are indicated, extend insulation on anchor
legs from point of attachment to supported item to point of attachment to structure. Taper
and seal ends at attachment to structure with vapor-barrier mastic.

3. Install insert materials and install insulation to tightly join the insert. Seal insulation to
insulation inserts with adhesive or sealing compound recommended by insulation
material manufacturer.

4, Cover inserts with jacket material matching adjacent pipe insulation. Install shields over
jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet
and dry film thicknesses.

L. Install insulation with factory-applied jackets as follows:
1. Draw jacket tight and smooth.
2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation jacket.

Secure strips with adhesive and outward clinching staples along both edges of strip,
spaced 4 inches o.c.

3. Overlap jacket longitudinal seams at least 1-1/2 inches Install insulation with longitudinal
seams at bottom of pipe. Clean and dry surface to receive self-sealing lap. Staple laps
with outward clinching staples along edge at 2 inches o.c.

a. For below-ambient services, apply vapor-barrier mastic over staples.

4. Cover joints and seams with tape, according to insulation material manufacturer's written
instructions, to maintain vapor seal.

5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and

at ends adjacent to pipe flanges and fittings.

M.  Cutinsulation in a manner to avoid compressing insulation more than 75 percent of its nominal
thickness.

N. Finish installation with systems at operating conditions. Repair joint separations and cracking
due to thermal movement.

0. Repair damaged insulation facings by applying same facing material over damaged areas.
Extend patches at least 4 inches beyond damaged areas. Adhere, staple, and seal patches
similar to butt joints.

P. For above-ambient services, do not install insulation to the following:
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Vibration-control devices.

Testing agency labels and stamps.
Nameplates and data plates.
Manholes.

Handholes.

Cleanouts.

3.4 PENETRATIONS

A. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):
Install insulation continuously through walls and partitions.

B. Insulation Installation at Fire-Rated Wall and Partition Penetrations: Install insulation
continuously through penetrations of fire-rated walls and patrtitions.

3.5 GENERAL PIPE INSULATION INSTALLATION

A. Requirements in this article generally apply to all insulation materials except where more
specific requirements are specified in various pipe insulation material installation articles.

B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:

1.

2.

Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with
continuous thermal and vapor-retarder integrity unless otherwise indicated.

Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same
material and density as adjacent pipe insulation. Each piece shall be butted tightly
against adjoining piece and bonded with adhesive. Fill joints, seams, voids, and irregular
surfaces with insulating cement finished to a smooth, hard, and uniform contour that is
uniform with adjoining pipe insulation.

Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same
material and thickness as used for adjacent pipe. Cut sectional pipe insulation to fit. Butt
each section closely to the next and hold in place with tie wire. Bond pieces with
adhesive.

Insulate valves using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. For valves, insulate up to and including the bonnets,
valve stuffing-box studs, bolts, and nuts. Fill joints, seams, and irregular surfaces with
insulating cement.

Insulate strainers using preformed fitting insulation or sectional pipe insulation of same
material, density, and thickness as used for adjacent pipe. Overlap adjoining pipe
insulation by not less than two times the thickness of pipe insulation, or one pipe
diameter, whichever is thicker. Fill joints, seams, and irregular surfaces with insulating
cement. Insulate strainers so strainer basket flange or plug can be easily removed and
replaced without damaging the insulation and jacket. Provide a removable reusable
insulation cover. For below-ambient services, provide a design that maintains vapor
barrier.

Insulate flanges and unions using a section of oversized preformed pipe insulation.
Overlap adjoining pipe insulation by not less than two times the thickness of pipe
insulation, or one pipe diameter, whichever is thicker.

Cover segmented insulated surfaces with a layer of finishing cement and coat with a
mastic. Install vapor-barrier mastic for below-ambient services and a breather mastic for
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above-ambient services. Reinforce the mastic with fabric-reinforcing mesh. Trowel the
mastic to a smooth and well-shaped contour.

8. For services not specified to receive a field-applied jacket, install fitted PVC cover over
elbows, tees, strainers, valves, flanges, and unions. Terminate ends with PVC end caps.
Tape PVC covers to adjoining insulation facing using PVC tape.
9. Stencil or label the outside insulation jacket of each union with the word "union.” Match
size and color of pipe labels.
C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps,

test connections, flow meters, sensors, switches, and transmitters on insulated pipes. Shape
insulation at these connections by tapering it to and around the connection with insulating
cement and finish with finishing cement, mastic, and flashing sealant.

D. Install removable insulation covers at locations indicated. Installation shall conform to the
following:
1. Make removable flange and union insulation from sectional pipe insulation of same

thickness as that on adjoining pipe. Install same insulation jacket as adjoining pipe
insulation.

When flange and union covers are made from sectional pipe insulation, extend insulation
from flanges or union long at least two times the insulation thickness over adjacent pipe
insulation on each side of flange or union. Secure flange cover in place with stainless-
steel or aluminum bands. Select band material compatible with insulation and jacket.
Construct removable valve insulation covers in same manner as for flanges, except
divide the two-part section on the vertical center line of valve body.

When covers are made from block insulation, make two halves, each consisting of
mitered blocks wired to stainless-steel fabric. Secure this wire frame, with its attached
insulation, to flanges with tie wire. Extend insulation at least 2 inches over adjacent pipe
insulation on each side of valve. Fill space between flange or union cover and pipe
insulation with insulating cement. Finish cover assembly with insulating cement applied
in two coats. After first coat is dry, apply and trowel second coat to a smooth finish.
Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed
surfaces with a metal jacket.

3.6 INSTALLATION OF MINERAL-FIBER INSULATION

A. Insulation Installation on Straight Pipes and Tubes:

1.

2.

Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten
bands without deforming insulation materials.

Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions
with vapor-barrier mastic and joint sealant.

For insulation with factory-applied jackets on above-ambient surfaces, secure laps with
outward-clinched staples at 6 inches o.c.

For insulation with factory-applied jackets on below-ambient surfaces, do not staple
longitudinal tabs. Instead, secure tabs with additional adhesive as recommended by
insulation material manufacturer and seal with vapor-barrier mastic and flashing sealant.

B. Insulation Installation on Pipe Flanges:

1.
2.

Install preformed pipe insulation to outer diameter of pipe flange.
Make width of insulation section same as overall width of flange and bolts, plus twice the
thickness of pipe insulation.
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3.8

3. Fill voids between inner circumference of flange insulation and outer circumference of
adjacent straight pipe segments with mineral-fiber blanket insulation.

4. Install jacket material with manufacturer's recommended adhesive, overlap seams at
least 1 inch and seal joints with flashing sealant.

Insulation Installation on Pipe Fittings and Elbows:

1. Install preformed sections of same material as straight segments of pipe insulation when
available.
2. When preformed insulation elbows and fittings are not available, install mitered sections

of pipe insulation, to a thickness equal to adjoining pipe insulation. Secure insulation
materials with wire or bands.

Insulation Installation on Valves and Pipe Specialties:

1. Install preformed sections of same material as straight segments of pipe insulation when
available.

2. When preformed sections are not available, install mitered sections of pipe insulation to
valve body.

3. Arrange insulation to permit access to packing and to allow valve operation without
disturbing insulation.

4. Install insulation to flanges as specified for flange insulation application.

PIPING INSULATION SCHEDULE, GENERAL

Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for
each piping system and pipe size range. If more than one material is listed for a piping system,
selection from materials listed is Contractor's option.

Items Not Insulated: Unless otherwise indicated, do not install insulation on the following:

1. Drainage piping located in crawl spaces.
2. Underground piping.
3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.

INDOOR PIPING INSULATION SCHEDULE
Cold Water Make-Up, Condensate and Equipment Drain Water below 60 Deg F
1. All Pipe Sizes: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick.
Heating-Hot-Water Supply and Return, 200 Deg F and Below:
1. NPS 1-1/4 and Smaller Pipe Size: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe, Type I: 1.5 inches thick.
2. NPS 4 and Larger Pipe Size: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe, Type I: 2 inches thick.

Low-Pressure Steam and Condensate, 250 Deg F and Below (15 psig maximum):
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1. NPS 3 and Smaller Pipe Size: Insulation shall be the following:
a. Mineral-Fiber, Preformed Pipe, Type | 2.5 inches thick.

2. NPS 4 and Larger Pipe Size: Insulation shall be the following:

a. Mineral-Fiber, Preformed Pipe, Type I: 3 inches thick.

END OF SECTION 230719
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SECTION 230923 HVAC INSTRUMENTATION & CONTROLS
PART 1 - GENERAL
11 DESCRIPTION OF WORK

A. Provide all labor, materials, equipment and services necessary for a complete Automatic
Temperature Control system(ATC) comprised of various types of BTL-listed BACnet-
communicating Direct Digital Control (DDC) controllers (referred to as “ATC Controllers™), BTL-
listed BACnet-communicating Operator Interface software, conventional electric/electronic
controls, and equipment-mounted controls, as indicated. The system shall be fully functional
and include all software and hardware for all specified capabilities.

B. Summary of Project Scope:

1. This project includes two steam boilers and associated boiler feedwater system with
complete control system.

2. All existing related controls devices, enclosures, tubing, etc. shall be removed including
pneumatic actuators/valves which shall be upgraded to electronic.

3. Provide all necessary software and programming for complete BACnet capable control
system for future connection to district wide network.

C. All controls required by this project shall be integrated into a single system and coordinated by
the Contractor as follows. (“Contractor” is defined here as that responsible for this project in its
entirety.)

1. The Contractor is responsible for providing all controls described in the construction
documents regardless of where within the documents these controls are described.

2. Each supplier of a controls product is responsible for the installation, configuration,
programming, start-up and testing of that product unless otherwise stated.

3. The Contractor shall coordinate the resolution of any incompatibility issues between the
ATC products provided under this section and those provided elsewhere in this
specification.

4. The Contractor is responsible for all material and labor to interconnect control products
provided by multiple suppliers regardless of where these products are described within the
contract documents.

5. The Contractor is responsible for providing sufficient space and power for the ATC
components.

6. The Contractor is responsible for resolving any conflicts that arise in control of the same
equipment by both the ATC and fire alarm systems.

1.2 RELATED WORK
A. Installation of the following items supplied under this section are specified for installation under

other Division 23 sections: valves, water flow switches, flow sensors, thermowells, and
pressure taps.
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B. Equipment or systems specified under other Division 23 and/or 26 sections are part of or
integrated with the ATC, or installed under this section. These include, but are not limited to air
handling unit, chiller monitoring, boiler system enable/disable, boiler feed pump system &
heating hot water pumps.

C. Power: See the Division 26 drawings for the location of 120 VAC power, if any, provided for the
BAS. Any power in addition to that shown shall be provided under this section, shall be from an
emergency power source, if available, and shall comply with the requirements of Division 26.

D. IP communications will be owner-provided in the future.

E. Test and Balance: Provide assistance to the efforts specified in Test and Balance specification.
This assistance shall include on-site instruction, the provision of software and any special
hardware (e.g., cables, signal converters) to allow for proper equipment interface to ATC per
specified control sequance, and instruction on access to all setpoints or parameters that need to
be adjusted for balancing.

F. Thermostats: Install/wire all thermostats provided with equipment specified in other Division 23
sections at the locations shown.

1.3 QUALITY ASSURANCE
A. All materials and equipment shall be new unless otherwise specified.

B. Materials and equipment shall be the manufacturer's latest standard design that complies with
the specification requirements.

C. Codes and Standards:

1. All electrical installation work shall comply with the latest version of the National Electrical
Code.

2. Provide electrical products which have been tested, listed and labeled by UL and comply
with NEMA standards.

3. UL916 — Energy Management Equipment

4. ASHRAE BACnet Standard 135, 2004 revision or later
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1.4

DEFINITIONS/ABBREVIATIONS

Advanced Application Controller — A fully programmable controller which is BTL-listed as a B-
AAC device and which communicates via BACnet MS/TP to an associated Network Controller
(NC). In the Honeywell ComfortPoint Open system these controllers are used for terminal unit
(including VAV boxes) and small AHU/RTU control.

Application Specific Controller — A low-level MS/TP controller typically not custom-
programmable and BTL-listed as a B-ASC device. The Honeywell ComfortPoint Open system
does not use these devices due to their limited capabilities (i.e., they do not support scheduling,
alarming, etc.).

BACnet — “Building Automation Control Network”, the data communications technology defined
by ASHRAE standard 135

BACnet/IP - The use of the Ethernet and IP data/network link protocols for the transport of
BACnet messages.

B-BC, B-AAC, B-ASC and B-AWS — Abbreviations for BACnet Building Controller, BACnet
Advanced Application Controller, BACnet Application Specific Controller. BACnet Advanced
Operator Workstation Software. Used by the BACnet standard and BTL to define the various
device and software profiles, and BACnet functionality to be provided by different classes of
DDC Devices (for support of interoperability).

BBMD — BACnet/IP Broadcast Management Device. The method used by BACnet for handling
broadcast messages over IP (which does not support broadcasting). The approach involves the
use of one BACnet/IP device per IP segment to maintain a Broadcast Distribution Table (BDT)
listing all other BACnet devices on that network segment. This allows a multi-cast message
sent over IP (to each BBMD) to be in turn broadcasted to all other devices on each BACnet/IP
segment.

BTL — BACnet Testing Laboratory. Provides BACnet conformance testing (e.g., to confirm that
a B-BC device meets the minimum requirements for the Building Controller profile as defined in
the BACnet standard). If the device passes BTL testing it is said to be “BTL-listed” as, say, a
“B-BC device”. Also note that devices tested by an ISO accredited laboratory may also issue a
certificate, and be referred to as “BTL-certified” device.

COV (Change of Value) — An optional BACnet service that allows data to be communicated only
when it has changed state and/or has changed its value by a pre-defined threshold. This
service substantially reduces the use of communications bandwidth by BACnet in lieu of using
the standard “Read” services (which must be polled at regular intervals to ensure that changes
in values are seen by the system).

EIA-485 — The standard which dictates the physical attributes (i.e., Layer 1 of the OSI model) of
a multi-drop topology used as the basis for many low-speed (i.e., ~100 kbps or less)
communications protocols (i.e., BACnet MS/TP, Modbus-485, and most proprietary BAS
protocols).

Gateway — Software used to translate one applications protocol data (i.e., BACnet) to another
(e.g., Modbus or LonTalk). This software can be installed as a “driver” in a BAS controller (i.e.,
for Modbus) or provided by a separate gateway device (i.e., for LonTalk) so that the BAS can
connect to “Third Party” devices).
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LonTalk - The communications protocol defined by ANSI/CEA 709.1. Additionally, “LonMark-
certified” devices are LonTalk devices that meet additional applications and interoperability
guidelines specific to the HVAC market.

Mobile Device — A smartphone, tablet, etc. that uses a mobile operating system (i.e., Android,
Apple iOS, Blackberry, Windows Mobile, etc.) that supports internet communications and web-
browsing.

Modbus - A master/slave protocol (i.e., all data must be “read”) that can be used over serial
(EIA-232), EIA-485 (i.e. Modbus-RTU or 485), and IP (i.e., Modbus-TCP) connections. It was
developed by the Modicon Corporation and is managed by the Modbus Organization, but has
not been codified as a standard.

MS/TP - An EIA-485 data link technology unique to and defined by BACnet for the transport of
BACnet messages.

NC - Network Controller, the highest-level controller in the BAS architecture, with B-BC listing,
BACnet/IP communications, and routing to/from MS/TP controller sub-networks.

Operator Interface — Refers to any BAS functionality that allows a user to monitor, control,
debug and/or modify the system (including Thin Client support via the Web Server and Service
Software).

PICS — Protocol Implementation Conformance Statement. A BACnet form that must be
completed for BTL-listing in which the device’'s BACnet device profile (e.g., B-BC), required
feature choices (e.g., BACnet/IP vs. MS/TP), and optional features (e.g., COV) are to be
documented.

Service Software - A suite of optional Operator Interface software modules/functions used
mainly by the contractor during installation or service, such as system configuration, setup,
programming, graphics development, etc.

Thick Client — A PC that must have Operator Interface software installed on it to perform
operator interface functions.

Thin Client - A PC that accesses Operator Interface functions via a Web Browser.
Third-Party Controls - Any controls integral to and/or provided with system/equipment (e.g.,
“factory-provided” controls mounted on chillers and/or boiler equipment) that are to be

integrated digitally (e.g., via BACnet or Modbus) to the BAS.

Web Server — A BAS component (Operator Interface software or Network Controller) which
provides access via a Thin Client.

SUBMITTALS
Product Data and Shop Drawing Submittals:
1. Manufacturer's Product Data:
a. For each furnished control device submit catalog data including manufacturer’s
name, product name and specific model number, options included, product image,

proof of BTL-listing, dimensions, functional description and operating
characteristics, protocol conformance information, and electrical requirements (AC
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vs. DC, voltage and current draw, or VA). Data sheets shall be keyed to the shop
drawings’ bill of material lists.

b. Provide a schedule for control valves indicating service, size, arrangement (2, or
3-way), application (water, steam, on/off/ modulation), failsafe, actuator model, use
of actuator end switches, flows, flow coefficient, and pressure drops for each
system.

2. Shop Drawings shall be generated in AutoCAD and include:

a. System architecture diagram showing the communications wiring topology, model
# or designation of each communicating device (e.g., Equipment or ATC controller,
etc.) including the HVAC or other system/equipment controlled, location and
designation of each enclosure containing one or more communicating devices, and
connections to third party controls.

b. Floor plans showing enclosure locations, field devices not mounted in enclosures
or on equipment (e.g., space temperature), control devices (e.g., Actuators) and
controller locations.

C. Schematic diagram of each controlled system/equipment showing point
devices/interfaces with a point naming scheme matching that used on the
associated control enclosure wiring diagram. Provide a bill of material for all of the
devices shown with nomenclature keyed to the catalog data.

d. Enclosure layout and wiring diagram showing the ATC Controllers,
gateways/interfaces to third-party controls, enclosure-mounted field devices,
internal wiring and wiring to field devices (with wiring tags matching those used on
the schematic diagrams), a point list with expanded point description information,
communications wiring connections, and power supply. All enclosure devices shall
be labeled and keyed to a bill of materials.

e. Sequence of operation modified and expanded from that provided in this
specification to include control details specific to the mechanical and controls
equipment provided.

f. List of all data communicated via digital communications interfaces to third-party
controls (e.g., a Boiler control panel).

1) Prior to completion of the submittals coordinate with the Third Party
equipment suppliers to review their documentation and verify that the data
(i.e., BACnet objects and properties, Modbus registers, etc.) required to
complete the system is available.

2) Prior to completion of the submittals meet with the Owner or Owner’s
representative to review the data lists available for communication to/from
the Third Party controls. Based on the Owner’s input modify the list of data
to be communicated from that specified. It is the Contractor’'s responsibility
to schedule this meeting with the Owner.

g. Wiring details not shown on any of the above drawings.

3. Provide for approval a description of all system acceptance tests along with the
forms/checklists that shall be used in the testing.
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4, Provide six (6) copies of the submittals.
B. Record (As-Built) Document Submittals

1. Drawings: As-built versions of the shop drawings along with CD/DVD copies of the
AutoCAD files.

2. Operation and Maintenance Manuals shall include the following:
a. As-Built versions of the Manufacturer's Product Data.
b. Maintenance information for all devices.
C. An operator’'s manual which will include detailed instructions for all operations of
the ATC.
d. A programmer’s manual which will include all information necessary to perform

programming functions.

e. Complete project-specific sequence programming, system databases, parameter
listings, etc. for the equipment controlled under this phase of the work (backed up
onto CD/DVD'’s).

f. A copy of the warranty.

g. Operating and maintenance cautions and instructions.

h. Log-in requirements, information, and/or /instructions (including any hardware
key(s) or software licensing documentation) to allow Owner access (for both
viewing and modification) to all system set-up databases, custom programming,
Service Software, etc. at the highest user level provided by the manufacturer.

i. Recommended spare parts list.

j- All original issue documentation and software DVD’s/CD’s (if applicable) for third
party hardware and software.

3. Completed ATC test forms/checklists.
4, Provide six (6) copies of the submittals.
PART 2 — PRODUCTS
21 SUBSTITUTIONS
A. Any products specified by manufacturer and model # shall be provided as specified with no
substitution allowed unless the product is no longer available. If so, consult with the Engineer

prior to submittal to determine a mutually acceptable substitute. Substitutions that are
submitted without this prior approval will be rejected.

2.2 ACCEPTABLE MANUFACTURERS AND CONTRACTORS

A. The following manufacturers (restricted to the product line listed, if any) and contractors (if
listed) are acceptable:
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2.4

1. Honeywell International, Inc., installed and project managed by a Honeywell Corporate
Branch office

a. Contact: Mark McLeod (973-884-4100, markm@ame-inc.com)

b. Heat Timer corporation

2. “Alternates may be submitted with prior approval according to the contract document’s
requirements concerning substitutions. No alternates will be accepted without prior
written approval.

All ATC controllers shall be by one of the above manufacturers, except when the controls are
specified under another section (i.e., referenced as “controls provided with the unit,” "factory-
mounted controls,” or "unit manufacturer provided controls," etc. within this section). “ATC
Components” includes ATC Controllers; and Operator Interface Software. Manufacturers of
valves, actuators, sensors, and other field devices shall be as specified in the remainder of this
section.

ADVANCED APPLICATION CONTROLLER

An Advanced Application Controller is a BTL-listed BACnet B-AAC device with non-volatile
memory for operating system software; read/write memory for custom programming; and
communications support for Operator Interface and the Controller Network. Allowable products
are Honeywell ComfortPoint Open: CPO-DIO Digital /0O Controller, CPO-VAV2A and CP-VAV
Unitary Controller, CP-SPC Small Point Controller, or equivalents.

Advanced Application Controller Network — Provide 76.8Kbps minimum BACnet MS/TP
communications.

Point Termination — Advanced Application Controllers shall provide direct point termination
through integral point connections.

APPLICATION SPECIFIC CONTROLLER

An Application Specific Controller is a BTL-listed BACnet B-ASC device dedicated for use with
specific equipment and applications. It shall be provided with non-volatile memory for operating
system software; read/write memory for all other purposes; factory-provided control software;
and communications support for Operator Interface, and the Controller Network.

1. Application Specific Controllers shall not be used for systems/equipment that require
custom application programming to meet the Sequence of Operation (i.e., if an
Application Specific Controller is used the factory-provided control software/program
must be able to perform the Sequence of Operation without “upper level” control from
another BAS Controller).

2. Application Specific Controllers shall only be used for terminal/zone equipment such as
fan coil units, and heat pumps (i.e., when the factory-provided control software meets the
Sequence of Operation); or where explicitly allowed by the Sequence of Operation.

ASC's for pressure independent applications shall have an integral differential pressure sensor
for air flow measurement and an optionally integral damper actuator.

Each ASC shall have a 76.8Kbps minimum BACnet MS/TP Controller Network connection (as
an MS/TP Master).
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Each ASC shall be provided with integral point termination.
SENSOR/TRANSMITTERS

Temperature Sensors: Thermistor or RTD with a minimum accuracy of +/- 0.5 degrees F
throughout the specified temperature range.

1. Duct: Utilize a capillary type (20' min.) averaging sensor for all mixing box
applications, and supply ducts with a cross sectional area in excess of 20 square
feet; 0 to 100° F range.

2. Outside Air: -30°F to 120°F range.

3. Pipe: 20 to 220 degrees F. Immersion style with thermowells: Series 300 stainless steel
for steam lines; stainless steel or brass for water lines.

4. Space: Surface mounted ventilated enclosure with set point adjustment, unoccupied
mode override button, and temperature indication. Space sensors used for terminal unit
control shall have an integral port that is connected to the corresponding controller's
operator interface port. 50 to 90 degrees F. range.

Flow Elements/Transducers:

Differential Pressure Sensors: Differential pressure sensors (air or water) shall be
temperature compensated with an accuracy of +/- 1% of range and
repeatability/hysteresis of 0.5% of range.

1. Air - Sensor shall be able to withstand a maximum port pressure of 10psig.

2. Water — Wetted parts shall be stainless steel. Sensor shall be able to withstand a
maximum port pressure of 250psig; and a maximum differential pressure of 150psi or
300% of the rated range, whichever is greater.

Humidity: Solid state polymer design, +/- 3% accuracy over a 5% to 95% range, linear output to
match Al signal requirements, and without provision or requirement for field calibration.

VALVES

Control Valves: Provide factory fabricated globe or characterized ball valves of pressure class
for the scheduled service. Size modulating valves for a pressure drop of 3 to 5 PSI for water
service and 80% of the supply pressure for steam service, unless otherwise noted. Two-
position valves shall be line size.

1. Water Service Valves: Equal percentage characteristics with rangeability of 50 to 1, and
maximum full flow pressure drop of 5 psig.

2. Single Seated Valves: Cage type trim, providing seating and guiding surfaces for plug on
"top and bottom" guided plugs.

3. Double Seated Valves: Balanced plug type, with cage type trim providing seating and
guiding surfaces on "top and bottom" guided plugs.

4., Valve Trim and Stems: Polished stainless steel.
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2.13

5. Packing: Spring-loaded Teflon, self-adjusting.

6. Valves - 1/2" through 2": Valves shall be constructed with a cast brass body and
screwed ends. For 1-1/2" and 2" special duty; valves may be selected by the control
manufacturer to have either bronze or cast iron bodies with screwed or flanged ends.

7. Valves - 2-1/2" and above: Valves shall be constructed with a cast iron body and have
flanged connections.

8. Two-Position Application — Line size. Solenoid actuated valves may be used.
9. Acceptable Products — Honeywell or equivalent.

ACTUATORS

Electronic

1. Design for direct mounting on the device and attachment to the driving shaft (damper
actuator only); adjustable angle of rotation or range of actuation; and built in overload
protection. Size each motor for 150% of the application requirement and with sufficient
reserve power to provide smooth action.

2. Modulating actuators shall use a 0-10 VDC or 4-20 mADC signal input to match controller
AO signal output, and 24VAC power. Three-wire, bi-directional motor actuators
controlled by BO point pairs are acceptable on terminal VAV boxes, terminal
heating/reheat coils, and fan coil units only.

3. Two-position actuators shall be 120VAC, two-wire, spring-return. Spring actuation return
actuation time shall be less than 30 seconds.

4, Damper Actuators - 95° rotation maximum, with built-in adjustable mechanical
stop to limit rotation to that of the damper and/or to meet TAB requirements.

5. End Switches — Provide actuator with integral, adjustable-position indication end switches
(one for each fully actuated position) when the actuated device is specified with an end
switch Bl point(s).

Provide valve actuators capable of close-off against a pressure greater than the respective
pump system shut-off head.

Failsafe: Provide spring-return failsafe (or battery/capacitor actuated failsafe on butterfly valves
over 4”) to the following position upon loss of power or control signal:

Acceptable Products — Honeywell or equivalent.
SWITCHES AND AUXILIARY CONTROL DEVICES

Control relays: Plug-in type with dust cover and LED "energized" indicator. Contact rating,
configuration, and coil voltage suitable for the application.

Low-Temperature Detection Switches (Freezestats): Provide DPDT low-temperature
protection thermostats of manual-reset type, with sensing elements of the proper
length, but in no case less than 20'-0" in length. Provide thermostat designed to
operate in response to coldest 1'-0" length of sensing element, regardless of
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temperature at other parts of element. Support element properly to cover entire duct
width. Provide separate thermostats for each 25 sq. ft. of coil face area or fraction
thereof. The set point shall be 42° F unless otherwise specified on the plans or
sequence of operations.

C. Current Sensing Switches: Used for all motor status Bl points unless otherwise noted. Self-
powered, solid-state with adjustable trip current. The switch shall be selected to match the
current of the application and input requirements of the BAS.

D. Differential Pressure Switches: Used only for duct pressure safety cut-offs unless otherwise
noted. Adjustable trip pressure with range suitable for the application.

E. On-Off Thermostats: Provide thermostats of bi-metal actuated open contact, bellows
actuated enclosed shap-switch type, or equivalent solid-state type with electrical rating
to meet the application. Provide with surface mounted, ventilated enclosure.
PART 3 - EXECUTION
3.1 INSTALLATION
A. Install ATC components and materials in accordance with manufacturer's instructions. Where
the drawings conflict with these instructions, the Contractor shall submit a written request for
clarification.

B. Contractor shall coordinate installation with all other trades to avoid field condition conflicts.

C. Electrical products and execution shall comply with requirements of applicable Division 26
sections of these specifications.

D. Control Wiring and Communications Cabling:

1. Install control wiring in EMT in exposed or concealed, inaccessible locations. UL plenum
rated cable is acceptable for concealed, accessible locations.

a. Field devices provided with pig-tail wiring without any integral means of flexible
metal raceway attachment shall be enclosed with a suitable means to allow for
flexible metal raceway attachment.

2. Install parallel to building lines, supported from structural members. Raceway or plenum
wiring supported from or anchored to piping, duct supports (raceway only), the ceiling
suspension system (raceway only), or other electrical conduits is not acceptable.

3. Flexible metal raceway, not in excess of three feet in length, shall be used for termination
of raceway on vibrating equipment. The flexible metal raceway shall be supported at
each end.

4, Shielded wiring shall be used where recommended by the manufacturer and installed

according to the manufacturer’s installations.

5. All communications wiring shall be installed as continuous lengths with no splices
between termination points.

E. Enclosures:
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3.

All ATC components, including controllers, sensors and other devices, shall be installed
within enclosures.

Enclosure locations shall be coordinated with other trades and shown in the submittals
for approval.

Enclosures for all devices except space sensors shall be NEMA rated for the location.

F. Field Devices

1.

Locations shown on the drawings shall be used. Other locations shall be shown on the
submittals for approval.

Space thermostats and sensors shall be mounted 4’-0” AFF unless otherwise noted.

Outdoor temperature sensors shall be located on a north exposure, in a shaded location,
and installed in a sunshield.

Differential Air Pressure Sensors:

a. Pipe the outdoor reference of a space static pressure sensor to a Dwyer A-306 (or
equivalent) located 10’ minimum above the highest point of the building.

b. Pipe the high pressure port of a space static pressure sensor to a Kele RPS (or
equivalent) at the location shown.

C. Pipe the high pressure port of a duct space static pressure sensor to a Dwyer A-
301 or 302 (or equivalent) at a location 75% the distance from the first VAV box to
the most remote box.

Differential Water Pressure Sensors for Variable Volume Pumping: Pipe across the
control valve, balancing valve and coil on the unit hydraulically furthest from the pumping
system.

Freezestats shall be located so that the reset button and SetPoint adjustment are
accessible using no more than a 6’ ladder. For equipment mounted above this height the
freezestat shall not be mounted on the equipment so that this height limit is met (e.g., on
an adjacent wall).

G. Third-Party Controls — “Third-Party” controls are supplied or provided under other sections of
this specification. The following installation requirements apply to these controls:

1.

General Communications Requirement — For BACnet communications listed above,
alarms and/or data will be automatically transmitted via BACnet Alarm and Event
services, if supported by the Third Party Controls. If not, the ATC shall use polling (e.g.,
regular ReadProperty service calls for BACnet) to request the alarms on a frequency
determined based on consultation with the Owner, and request any data used by the
ATC for control on a frequency appropriate for the control application.

H. Safeties

1.

All safety devices (smoke detectors, freezestats, duct high/low pressure switches, etc.)
shall be hard-wired directly to the controlled equipment (i.e., the safety sequence shall
not be implemented through a “software interlock”).
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2. Duct smoke detectors for air handling equipment shutdown shall be provided by others.
However, final wiring from the associated fire alarm system control module to the
controlled equipment shall be by this section’s Contractor.

I Identification

1. All ATC components, including controllers, sensors and other devices, shall be identified
with nameplate designations to match the shop drawings.

2. Components mounted within enclosures shall be identified with adhesive backed
metalized polyester film labels with designations printed by a laser printer or other
indelible method.

3. Enclosures and other devices mounted in the field shall be identified with engraved
plastic laminate labels affixed with rivets.

4. Wiring shall be identified at each point of termination using a printed tag to match that
shown on the drawings and affixed using a heat shrink sleeve.

3.2 SYSTEM TESTING AND ACCEPTANCE

A. All ATC acceptance testing shall be performed in the presence of the Owner or Owner-
designated representative. The system shall not be considered substantially complete until the
testing is complete and approved. The contractor shall perform all calibration, start-up and
testing procedures necessary to assure the completion of the system acceptance testing prior to
commencement of the system acceptance tests.

B. Point Tests - Perform the following tests for each point:

1.

Analog Input - Compare sensor reading to that of a calibrated portable measurement
device.

2. Binary Input — Manually actuate the monitored equipment and compare actual state with
that read by the system.

3. Analog Output — Through software, set the output to three or more values across the full
range of actuation and compare with position of controlled device (or output signal for
controlled device positions that cannot be visually observed).

4, Binary Output — Through software, actuate the output and compare the control command
with the actual operation of the controlled device.

5. Data (from digital communications with “Third-Party Controls”) — Perform the above tests,
though the comparison (except for data representing binary outputs) shall be between
that provided at the Third-party controller display and the BAS. Perform the above
“Binary Output” test for data that represents digital outputs.

C. System Tests — Perform the following tests for all sequences of operation:

1. Develop trend data in graphical form showing the properly damped step response of
each DDC loop.

2. Simulate varying input values to verify reset schedules, and temperature lockouts.
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3.3

3.4

3. Manually initiate system start-ups to verify interlocks and sequencing.

4. Simulate safety device and fire alarm system contact actuation to verify emergency,
alarm, and life safety sequences.

5. Simulate day/night changeover to observe occupied, unoccupied, optimum start, and
warm-up modes.

6. Simulate seasonal changeovers to observe proper operation of heating and cooling
modes.

WARRANTY

Provide all labor, material and equipment necessary for operation of the ATC according to the
design for a period of one year after substantial completion of the project. All warranty or final
completion service shall be scheduled with the Owner to minimize disruptions to facility
operations.

Emergency Service: Owner will initiate service calls when the ATC is not functioning properly.
Contractor personnel shall be available to provide emergency warranty service. The Owner
shall be provided with a telephone number where service representative can be reached at all
times. Within 24 hours after receiving a request for service the problem shall be remotely
resolved (i.e. via remote communications with the ATC) or service personnel shall be at the site.
The Contractor shall fully restore the ATC to proper operating condition within two (2) days.

TRAINING

The Contractor shall provide instruction to designated personnel in the adjustment, operation
and maintenance of the specific ATC components and ATC installed. All training shall be held
during normal work hours of 8:00 a.m. to 5:00 p.m. weekdays as scheduled in advance with the
Owner.

Provide 8 hours of on-site BAS demonstration, training and/or assistance for a period of one
year from final completion of the project. Demonstration and training topics to include:

1. Explanation of drawings, and operations and maintenance manuals.
2. Walk-through of the job to locate control components.
3. Overview of the Sequences of Operation.

4, ATC architecture.

5. Operator interface functions including as listed in the above off-site training curriculum.
6. Explanation of adjustment, calibration and replacement procedures.
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3.5

SOFTWARE SETUP, CONFIGURATION AND PROGRAMMING

All data base entry, software configuration, initialization of trends and alarms, and custom
application programming to meet this specification shall be provided.

All setpoints, PID tuning parameters, control deadbands, operating differentials, reset
schedules, etc. shall be adjustable by an operator without need for accessing/modifying custom
control programming code.

The following control software shall be provided in addition to that described in the Sequence of
Operation (where applicable):

1. PID Control: Each control loop shall be controlled by a PID (proportional-integral-
derivative) algorithm. The loop shall be tuned using the P and | gains as a minimum.

2. Reset: Unless otherwise noted, any SetPoint required to be reset shall use a cascaded
PID loop or an “every x minutes increment/decrement by y” algorithm. Contractor to tune
these reset loops to provide stable control.

3. Anti-Short Cycling: All BO points shall be protected from short cycling. This feature shall
allow minimum on-time and off-time to be selected. Unless otherwise noted, all motors
shall be limited to four starts per hour (one per hour for a chiller, six for cooling tower
fans).

4, Optimum Start: All boilers that do not operate continuously shall be optimally started at
the latest possible time to meet the occupied conditions at the time of occupancy. Utilize
all space temperature inputs associated with the air handler, along with the outside air
temperature. The algorithm shall include tuning parameters for adjusting the influence of
space and outside air temperature on the start time.

a. Warm-up Mode — An optimally started Boilers shall operate in the warm-up mode
until occupancy.

5. Night Setback — When not in the occupied or warm-up modes an Boilers shall cycle on to
maintain a night setback temperature of 60°F (adj.)

6. Alarm Communications: The ATC's alarm/event communications features shall be set up
to automatically initiate IP-based alarm/event communications (i.e., to pagers, mobile
phones, email, alarm printers, etc.) for selected alarms/events. Consult with the Owner
to determine what communications method(s) is required, the communications devices
involved, and what alarm conditions/priority/time-of-day shall initiate these
communications.

Point names, schedules, and space temperature set points shall be chosen to meet the
approval of the owner (even if specified herein).

Set up trend logs (including trended points/data, frequency and number of samples) and
alarmed points (including alarm limits; alarm messages; the alarm message destination email,
phone, printer, etc. addresses; and the alarm message transmission formats to be used) to
meet the approval of the Owner (consult with the Owner).

1. As a minimum the system shall automatically set up the following trends (or these trends
shall be set up manually if this automatic function is not available):
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a. 5 points per unitary equipment device
b. 10 points per AHU
C. 5 points per boiler, chiller, VFD

2. The trends shall be set to an interval of 1 sampler per minute adjustable on a per point
basis down to a 5 second interval.

F. Pipe static pressure set points for variable pumping systems shall be initially selected based on
the scheduled pressure drop(s) of the coils at which the static pressure sensor(s) is installed.
Final selection shall be based on coordination with the TAB contractor to provide design water
flows.
3.6 SEQUENCE OF OPERATION / POINT LIST

A. General:

1. Refer to both the “Sequence of Operations” specification & “Steam and Hot Water
Control Diagram” for the Points List on the design drawings for additional information.

END OF SECTION 230923
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SECTION 230993 - SEQUENCE OF OPERATIONS FOR HVAC CONTROLS

PART 1 GENERAL

11 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This contractor shall coordinate control functions, such as scheduling and supervisory-level
global control, points list, and control sequences needed for this installation as listed below.
Contractor shall provide written documentation to archive the system operation as accepted
by the owner.

B. Related Sections include the following:

1.

Division 23 Equipment Sections for control equipment & devices & for submittal
requirements.

13 DEFINITIONS & ABBREVIATIONS

A. Definitions

1.
2.

3.

10.

Analog: A continuously variable system or value not having discrete levels.

Binary: A two-state system where an ON condition is represented by one discrete
signal level & an OFF condition is represented by a second discrete signal level.
Floating: A timed spanned signal using a binary input/output to operate a variable
positioned actuator.

Automatic Temperature Control System (ATC): The total integrated system of fully
operational & functional elements, including equipment, software, programming, &
associated materials, to be provided by this Division ATC Contractor & to be
interfaced to the associated work of other related trades.

ATC Contractor: This Contractor shall be the primary manufacturer, installer,
commissioner & ongoing service provider for the ATC work.

Control Sequence: An ATC programmed arrangement of software algorithms, logical
computation, target values & limits as required to attain the defined operational control
objectives.

Direct Digital Control (DDC): The digital algorithms & pre-defined arrangements
included in the ATC software to provide direct closed-loop control for the designated
equipment & controlled variables. Inclusive of Proportional, Derivative & Integral
control algorithms together with target values, limits, logical functions, arithmetic
functions, constant values, timing considerations & the like.

ATC Network: The total digital on-line real-time interconnected configuration of ATC
digital processing units, panels, sub-panels, controllers, devices & associated
elements individually known as network nodes. May exist as one or more fully
interfaced & integrated sub-networks, LAN, WAN or the like.

Node: A digitally programmable entity existing on the ATC network.

ATC Integration &/or Fully Integrate: The complete functional & operational
interconnection & interfacing of all ATC work elements & nodes in compliance with all
applicable codes, standards & ordinances so as to provide a single coherent ATC as
required by this Division utilizing a single software user interface for monitoring,
scheduling, alarming & control.

SEQUENCE OF OPERATIONS PROJECT#3360 230993 -1
FOR HVAC CONTROLS JUNE 12, 2018



11.

12.

13.

14.

15.

16.

17.

18.

Provide: The term Provide & its derivatives when used in this Division shall mean to
furnish, install in place, connect, calibrate, test, commission, warrant, document &
supply the associated required services ready for operation.

Furnish: The term Furnish & its derivatives when used in this Division shall mean
supply to the designated third party trade contractor for installation. The ATC
contractor (ATC) shall: calibrate, test, commission, warrant & document furnished
items by the ATC.

Wiring: The term Wiring & its derivatives when used in this Division shall mean
provide the ATC wiring & terminations.

Install: The term Install & its derivatives when used in this Division shall mean receive
at the jobsite & install.

Protocol: The term protocol & its derivatives when used in this Division shall mean a
defined set of rules & standards governing the on-line exchange of data between ATC
network nodes.

Software: The term software & its derivatives when used in this Division shall mean all
of programmed digital processor software, preprogrammed firmware & project specific
digital process programming & database entries & definitions as generally understood
in the ATC industry for real-time, on-line, integrated ATC configurations.

The use of words in the singular in these Division documents shall not be considered
as limiting when other indications in these documents denote that more than one such
item is being referenced.

Headings, paragraph numbers, titles, shading, bolding, underscores, clouds & other
symbolic interpretation aids included in the Division documents are for general
information only & are to assist in the reading & interpretation of these Documents.

14 COORDINATED SEQUENCES & ATC DIAGRAMS
A. Project ATC Diagrams

1.

2.

The Sequences of Operations detailed below are predicated on the specific Project
ATC diagrams.

Reference the ATC Diagrams for the Unit configuration, ATC control devices, point
types & locations for each device.

15 ATC/BAS CONTRACTOR'S RESPONSIBILITIES:
A. The ATC contractor (ATC) shall:

1.

2.

3.

4,

Provide, field install & wire all necessary software & hardware, wiring, & equipment in
compliance with this specification.

Provide programming, graphical user interface design, startup services by competent
technicians that regularly employed by the ATC contractor with full responsibility for
proper operation of the control system including debugging & proper calibration of
each component in the entire system.

Provide all external ATC control dampers & their actuators that are not scheduled to
be ‘Furnished by Others’ (F.B.O.) i.e. by the HVAC Equipment Manufacturer (UM).
Provide power supply wiring to all external BACnet DDC control panels, actuators
(valves, dampers, etc.), including low voltage transformers.

B. Control Sequence Descriptions:

1.

The control sequences below describe all necessary equipment operation including
those operations that are provided by the HVAC Equipment Unit manufacturers (UM)
& those as part of the Automatic Temperature Controls system (ATC).

1.6 MECHANICAL CONTRACTORS (MC) RESPONSIBILITIES:

A. The Mechanical contractor (MC) shall provide coordination between the HVAC Equipment
Unit Manufacturers (UM) & the ATC contractor (ATC) to provide a fully coordinated &
operational Automatic Temperature Controls system.

B. Refer to this & the specific equipment specifications & schedules for devices provided,
installed & wired by the HVAC equipment Unit manufacturers (UM) & those by the ATC
contactor (ATC).
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1.7

1.8

1.9

1.10

1.11

C.

Provide installation of piped and sheet metal ATC components as required for the operation
of the ATC system.

HVAC EQUIPMENT UNIT MANUFACTURERS (UM) RESPONSIBILITIES

A.

The HVAC Equipment Unit Manufacturer (UM) shall provide the equipment to meet the
sequence requirements of this specification & schedules sections; provide factory
installation & wiring of the ATC provided controls, when specified to be factory installed.

EXISTING ATC SYSTEM DEMOLITION (AS REQUIRED)

A.

B.

C.

The Building Owner shall inform the Mechanical & ATC Contractors of any equipment,
which is to be removed, that shall remain the property of the Owner.

The Mechanical contractor (MC) shall remove air compressors, control valves, dampers &
thermowells.

The ATC contractor (ATC) shall remove controls devices, which shall not remain as part of
the Automatic Temperature Controls system, all associated abandoned wiring & conduit.

ATC GENERAL

A.

The automatic temperature control (ATC) system shall be a network of stand-alone,
programmable or direct digital control (DDC) panels for automatic unattended operation of
the new HVAC equipment (boilers, pumps, etc.).

The ATC system shall be installed by competent mechanics regularly employed by the
control system manufacturer or an approved authorized agent with full responsibility for
proper operation of the control system including debugging and proper calibration of each
component in the entire system.

The control sequences below describe all necessary equipment operation including those
operations that are provided by the HVAC equipment manufacturers and those as part of
the central control system. Refer to individual equipment specifications for devices provided
by the HVAC equipment manufacturers. It is the responsibility of the mechanical contractor
to provide a fully coordinated and operational control system.

All' wiring including control wiring shall be installed in appropriately sized E.M.T. Installation
of all electrical devices and wiring shall follow wiring methods specified on the electrical
contract drawings and specifications.

BOILERS - GENERAL

A.

The ATC system shall provide boiler enable/disable, boiler status, and boiler common
alarm. The boiler manufacturer shall provide an Underwriters listed and Factory Mutual
Approved boiler control system.

STEAM BOILERS - LEAD/LAG START - UNISON MODULATION OR UNISON HIGH-LOW-
FIRE

A.

B.

Enable and control the new steam boilers with the ATC system by sensing outdoor air
temperature (to regulate indoor ambient temperature), run time, and steam pressure.

For steam boilers, the boiler manufacturer shall provide a control system to lead and lag
start of two boilers. Note: The ATC system will only enable/disable the boilers. The system
shall start, stop, and control the firing rate of both boilers. Under condition of light load, only
one boiler will operate and will operate or modulate between low and high fire as the load
demands. If there is a sudden load swing, creating a condition under which one boiler
cannot handle the load, and there is a further drop in the hot water supply temperature, the
lag boiler will be brought on line. Both boilers will share the load equally or
operate/modulate in unison between minimum and maximum output to satisfy demand
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C.

D.

requirements. When system demand decreases, both boilers shall reduce their firing rate, in
unison, to minimum.

The lag boiler shall shut off and the lead boiler shall operate between minimum and
maximum until demand is satisfied, and then shut off.

Existing Heat Timer control shall be updated to interlock with new Steam plant but not
limited both new boilers.

1.12 STEAM SYSTEM’S CONDENSATE RETURN BOILER FEED PUMP SYSTEMS

A.

B.

The boiler feed system shall have the controls to serve both steam boilers. Each new steam
boiler shall have low water cut-off & pump controller as well as an associated control valve.
The boiler feed system is a packaged unit that automatically maintains the proper boiler
water level, stores excess condensate without waste, and automatically makes-up feed
water lost through process operations or loss in the steam system. It includes centrifugal
pumps and a receiver.

The boiler feed pumps shall be operated automatically by level controls mounted on the
boilers.

The piping arrangement provides two boiler feed pumps for any number of boilers (two),
whereby each pump is sized to handle total requirements of the boilers. Electric control
valves are required on each boiler feed line. Each boiler level control actuates its respective
electric valve while simultaneously starting the lead pump. A transfer switch is furnished for
manual control of the standby pump. Full automatic control can be accomplished as an
option.

Make-up water: Either a reverse acting float switch actuating a solenoid valve or a
McDonnell-Miller assembly flanged directly to the receiver shall be provided. The make-up
assembly senses the water level in the receiver, makes up water as required to insure a
minimum storage of feed water.

1.13 BOILER EMERGENCY SHUTDOWN SWITCHES

A.

The Division 26 Electrical Contractor shall provide, field install & wire the Emergency Boiler
Shutdown Door Switches & all necessary devices, switches, relays, contactors. The
Emergency Boiler Shutdown Switches shall be mounted at each entrance to the Mechanical
Equipment Room. The normally closed switch, when placed in the Off / Shutdown position
shall open & remove all power to the individual boilers.

1.14 BOILER FIELD MOUNTED SAFETIES & CONTROLS

A. The Boiler manufacturer shall provide all necessary devices, switches, relays, contactors for
this sequence. The ATC contractor shall provide field wiring of these devices listed below.
B. Steam Boiler - High Pressure Limit Stat
1. When the High Pressure Stat senses a Boiler Steam Pressure above setpoint, the
boiler shall turn off.
2. When the Boiler Steam Pressure drops below the stat’s hysteresis band, the boiler
shall be allowed to operate.
C. Steam Boiler - High Pressure Shutdown Stat
1.  When the High Limit Shutdown Stat senses a Boiler Steam Pressure above setpoint,
the boiler shall turn off.
2. When the Boiler Steam pressure drops below the stat's hysteresis band, & is
manually reset, the boiler shall be allowed to operate.
D. Steam Boiler — Pump Control and Low Water Shutdown
1. When the device senses a make-up water level condition, the boiler feed unit shall be
enabled and the boiler solenoid valve shall open.
2. When the device senses a low level condition, the boiler shall turn off, & is manually
rest.
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1.15 SAFETY CONTROLS & MOTOR STARTERS
A. All safety devices shall be wired so they stop the motor with the hand-off-auto switch in the
hand as well as the auto position. This will normally mean breaking the common wire from
the hand-off-auto switch to the starter’s holding coil through the safety devices.

PART2  PRODUCTS (Not Applicable)

PART 3 EXECUTION (Not Applicable)

END OF SECTION 230993
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SECTION 231123 - FACILITY NATURAL-GAS PIPING

PART 1 - GENERAL

11

1.2

1.3

1.4

1.5

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Pipes, tubes, and fittings.

Piping specialties.

Piping and tubing joining materials.
Valves.

Pressure regulators.

koD E

DEFINITIONS

Finished Spaces: Spaces other than mechanical and electrical equipment rooms, furred
spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings,
unexcavated spaces, crawlspaces, and tunnels.

Exposed, Interior Installations: Exposed to view indoors. Examples include finished occupied
spaces and mechanical equipment rooms.

Exposed, Exterior Installations: Exposed to view outdoors or subject to outdoor ambient
temperatures and weather conditions. Examples include rooftop locations.

PERFORMANCE REQUIREMENTS

Minimum Operating-Pressure Ratings:

1. Piping and Valves: 100 psig minimum unless otherwise indicated.
2. Service Regulators: 65 psig minimum unless otherwise indicated.

Natural-Gas System Pressure within Buildings: More than 0.5 psig but not more than 2 psig.
Natural-Gas System Pressures within Buildings: Two pressure ranges. Primary pressure is
more than 0.5 psig but not more than 2 psig, and is reduced to secondary pressure of 0.5 psig
or less.

SUBMITTALS

Product Data: For each type of the following:

1. Piping specialties.
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1.6

1.7

2. Corrugated, stainless-steel tubing with associated components.

3. Valves. Include pressure rating, capacity, settings, and electrical connection data of
selected models.
4. Pressure regulators. Indicate pressure ratings and capacities.

5. Dielectric fittings.

Shop Drawings: For facility natural-gas piping layout. Include plans, piping layout and
elevations, sections, and details for fabrication of pipe anchors, hangers, supports for multiple
pipes, alignment guides, expansion joints and loops, and attachments of the same to building
structure. Detail location of anchors, alignment guides, and expansion joints and loops.

1. Shop Drawing Scale: 1/4 inch per foot.

Delegated-Design Submittal: For natural-gas piping and equipment indicated to comply with
performance requirements and design criteria, including analysis data signed and sealed by the
gualified professional engineer responsible for their preparation.

1. Detail fabrication and assembly of seismic restraints.
2. Design Calculations: Calculate requirements for selecting seismic restraints.

Coordination Drawings: Plans and details, drawn to scale, on which natural-gas piping is shown
and coordinated with other installations, using input from installers of the items involved.

Site Survey: Plans, drawn to scale, on which natural-gas piping is shown and coordinated with
other services and utilities.

Qualification Data: For qualified professional engineer.

Welding certificates.

Field quality-control reports.

Operation and Maintenance Data: For motorized gas valves pressure regulators and service
meters to include in emergency, operation, and maintenance manuals.

QUALITY ASSURANCE

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

Pipe Welding Qualifications: Qualify procedures and operators according to ASME Boiler and
Pressure Vessel Code.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,
by a qualified testing agency, and marked for intended location and application.
DELIVERY, STORAGE, AND HANDLING

Handling Flammable Liquids: Remove and dispose of liquids from existing natural-gas piping
according to requirements of authorities having jurisdiction.
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1.8

1.9

A.

B.

A.

B.

Deliver pipes and tubes with factory-applied end caps. Maintain end caps through shipping,
storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and
moisture.

Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging
coating, and protect from direct sunlight.

Protect stored PE pipes and valves from direct sunlight.

PROJECT CONDITIONS

Perform site survey, research public utility records, and verify existing utility locations. Contact
utility-locating service for area where Project is located.

Interruption of Existing Natural-Gas Service: Do not interrupt natural-gas service to facilities
occupied by Owner or others unless permitted under the following conditions and then only after
arranging to provide purging and startup of natural-gas supply according to requirements
indicated:

1. Notify Construction Manager Owner no fewer than five days in advance of proposed
interruption of natural-gas service.
2. Do not proceed with interruption of natural-gas service without Construction Manager's

Owner's written permission.

COORDINATION
Coordinate sizes and locations of concrete bases with actual equipment provided.
Coordinate requirements for access panels and doors for valves installed concealed behind

finished surfaces. Comply with requirements in Division 08 Section "Access Doors and
Frames."

PART 2 - PRODUCTS

2.1 PIPES, TUBES, AND FITTINGS
A. Steel Pipe: ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.
1. Malleable-lron Threaded Fittings: ASME B16.3, Class 150, standard pattern.
2. Wrought-Steel Welding Fittings: ASTM A 234/A 234M for butt welding and socket
welding.
3. Unions: ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint,
and threaded ends.
4, Forged-Steel Flanges and Flanged Fittings: ASME B16.5, minimum Class 150, including
bolts, nuts, and gaskets of the following material group, end connections, and facings:
a. Material Group: 1.1.
b. End Connections: Threaded or butt welding to match pipe.
C. Lapped Face: Not permitted underground.
d. Gasket Materials: ASME B16.20, metallic, flat, asbestos free, aluminum o-rings,
and spiral-wound metal gaskets.
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e. Bolts and Nuts: ASME B18.2.1, carbon steel aboveground and stainless steel
underground.

5. Protective Coating for Underground Piping: Factory-applied, three-layer coating of
epoxy, adhesive, and PE.

a. Joint Cover Kits: Epoxy paint, adhesive, and heat-shrink PE sleeves.
6. Mechanical Couplings:
a. Manufacturers: Subject to compliance with requirements, available manufacturers

offering products that may be incorporated into the Work include, but are not
limited to, the following:

1) Dresser Piping Specialties; Division of Dresser, Inc.
2) Smith-Blair, Inc.

Stainless-steel flanges and tube with epoxy finish.

Buna-nitrile seals.

Stainless-steel bolts, washers, and nuts.

Coupling shall be capable of joining PE pipe to PE pipe, steel pipe to PE pipe, or
steel pipe to steel pipe.

Steel body couplings installed underground on plastic pipe shall be factory
equipped with anode.

©cooo
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B. PE Pipe: ASTM D 2513, SDR 11.

1. PE Fittings: ASTM D 2683, socket-fusion type or ASTM D 3261, butt-fusion type with
dimensions matching PE pipe.

2. PE Transition Fittings:  Factory-fabricated fittings with PE pipe complying with
ASTM D 2513, SDR 11; and steel pipe complying with ASTM A 53/A 53M, black steel,
Schedule 40, Type E or S, Grade B.

3. Anodeless Service-Line Risers: Factory fabricated and leak tested.
a. Underground Portion: PE pipe complying with ASTM D 2513, SDR 11 inlet.
b. Casing: Steel pipe complying with ASTM A 53/A 53M, Schedule 40, black steel,
Type E or S, Grade B, with corrosion-protective coating covering.
c. Aboveground Portion: PE transition fitting.
d. Outlet shall be threaded or flanged or suitable for welded connection.
e. Tracer wire connection.
f. Ultraviolet shield.
g. Stake supports with factory finish to match steel pipe casing or carrier pipe.
4. Transition Service-Line Risers: Factory fabricated and leak tested.

a. Underground Portion: PE pipe complying with ASTM D 2513, SDR 11 inlet
connected to steel pipe complying with ASTM A 53/A 53M, Schedule 40, Type E or
S, Grade B, with corrosion-protective coating for aboveground outlet.

b. Outlet shall be threaded or flanged or suitable for welded connection.

C. Bridging sleeve over mechanical coupling.

d. Factory-connected anode.

e. Tracer wire connection.

f. Ultraviolet shield.

g. Stake supports with factory finish to match steel pipe casing or carrier pipe.
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5. Plastic Mechanical Couplings, NPS 1-1/2 and Smaller: Capable of joining PE pipe to PE
pipe.

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

1) Lyall, R. W. & Company, Inc.
2) Mueller Co.; Gas Products Div.
3) Perfection Corporation; a subsidiary of American Meter Company.

PE body with molded-in, stainless-steel support ring.
Buna-nitrile seals.

Acetal collets.

Electro-zinc-plated steel stiffener.

Pooco

6. Plastic Mechanical Couplings, NPS 2 and Larger: Capable of joining PE pipe to PE pipe,
steel pipe to PE pipe, or steel pipe to steel pipe.

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

1) Lyall, R. W. & Company, Inc.
2) Mueller Co.; Gas Products Div.
3) Perfection Corporation; a subsidiary of American Meter Company.

b Fiber-reinforced plastic body.

c PE body tube.

d. Buna-nitrile seals.

e Acetal collets.

f. Stainless-steel bolts, nuts, and washers.

7. Steel Mechanical Couplings: Capable of joining plain-end PE pipe to PE pipe, steel pipe
to PE pipe, or steel pipe to steel pipe.

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

1) Dresser Piping Specialties; Division of Dresser, Inc.
2) Smith-Blair, Inc.

Steel flanges and tube with epoxy finish.

Buna-nitrile seals.

Stainless-steel bolts, washers, and nuts.

Factory-installed anode for steel-body couplings installed underground.

cooo

C. Drawn-Temper Copper Tube: Comply with ASTM B 88, Type L.

1. Copper Fittings: ASME B16.22, wrought copper, and streamlined pattern.
2. Bronze Flanges and Flanged Fittings: ASME B16.24, Class 150.

a. Gasket Material: ASME B16.20, metallic, flat, asbestos free, aluminum o-rings,
and spiral-wound metal gaskets.
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2.2

2.3

2.4

b. Bolts and Nuts: ASME B18.2.1, carbon steel or stainless steel.

3. Protective Coating for Underground Tubing: Factory-applied, extruded PE a minimum of
0.022 inch thick.

Annealed-Temper Copper Tube: Comply with ASTM B 88, Type L.
1. Copper Fittings: ASME B16.22, wrought copper, and streamlined pattern.
2. Flare Fittings: Comply with ASME B16.26 and SAE J513.

a. Copper fittings with long nuts.

b. Metal-to-metal compression seal without gasket.

C. Dryseal threads complying with ASME B1.20.3.

3. Protective Coating for Underground Tubing: Factory-applied, extruded PE a minimum of
0.022 inch thick.

Tin-Lined Copper Tube: ASTM B 280, seamless, annealed, with interior tin-plated lining.
1. Flare Fittings: Comply with ASME B16.26 and SAE J513.
a. Copper fittings with long nuts.
b. Metal-to-metal compression seal without gasket.
C. Dryseal threads complying with ASME B1.20.3.
PIPING SPECIALTIES
Weatherproof Vent Cap: Cast- or malleable-iron increaser fitting with corrosion-resistant wire
screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-
end connection.
JOINING MATERIALS

Joint Compound and Tape: Suitable for natural gas.

Welding Filler Metals: Comply with AWS D10.12/D10.12M for welding materials appropriate for
wall thickness and chemical analysis of steel pipe being welded.

Brazing Filler Metals: Alloy with melting point greater than 1000 deg F complying with
AWS A5.8/A5.8M. Brazing alloys containing more than 0.05 percent phosphorus are prohibited.
MANUAL GAS SHUTOFF VALVES

See "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas
Shutoff Valve Schedule" Articles for where each valve type is applied in various services.

General Requirements for Metallic Valves, NPS 2 and Smaller: Comply with ASME B16.33.
1. CWP Rating: 125 psig.

2. Threaded Ends: Comply with ASME B1.20.1.
3. Dryseal Threads on Flare Ends: Comply with ASME B1.20.3.
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4. Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas
Shutoff Valve Schedule” and "Aboveground Manual Gas Shutoff Valve Schedule"
Articles.

5. Listing: Listed and labeled by an NRTL acceptable to authorities having jurisdiction for
valves 1 inch and smaller.

6. Service Mark: Valves 1-1/4 inches to NPS 2 shall have initials "WOG" permanently
marked on valve body.

C. General Requirements for Metallic Valves, NPS 2-1/2 and Larger. Comply with ASME B16.38.

1. CWP Rating: 125 psig.

2. Flanged Ends: Comply with ASME B16.5 for steel flanges.

3 Tamperproof Feature: Locking feature for valves indicated in "Underground Manual Gas
Shutoff Valve Schedule” and "Aboveground Manual Gas Shutoff Valve Schedule"
Articles.

4. Service Mark: Initials "WOG" shall be permanently marked on valve body.

D. One-Piece, Bronze Ball Valve with Bronze Trim: MSS SP-110.

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

a. BrassCraft Manufacturing Company; a Masco company.

b. Conbraco Industries, Inc.; Apollo Div.

c. Lyall, R. W. & Company, Inc.

d. McDonald, A. Y. Mfg. Co.

e. Perfection Corporation; a subsidiary of American Meter Company.

2. Body: Bronze, complying with ASTM B 584.

3. Ball: Chrome-plated brass.

4. Stem: Bronze; blowout proof.

5. Seats: Reinforced TFE; blowout proof.

6. Packing: Separate packnut with adjustable-stem packing threaded ends.

7. Ends: Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff
Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule” Articles.

8. CWP Rating: 600 psig.

9. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to

authorities having jurisdiction.
10. Service: Suitable for natural-gas service with "WOG" indicated on valve body.

E. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim: MSS SP-110.

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

a. BrassCraft Manufacturing Company; a Masco company.

b. Conbraco Industries, Inc.; Apollo Div.

C. Lyall, R. W. & Company, Inc.

d. McDonald, A. Y. Mfg. Co.

e. Perfection Corporation; a subsidiary of American Meter Company.

2. Body: Bronze, complying with ASTM B 584.
3. Ball: Chrome-plated bronze.
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Stem: Bronze; blowout proof.

Seats: Reinforced TFE; blowout proof.

Packing: Threaded-body packnut design with adjustable-stem packing.

Ends: Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff
Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule” Articles.

CWP Rating: 600 psig.

Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

Service: Suitable for natural-gas service with "WOG" indicated on valve body.

F. Bronze Plug Valves: MSS SP-78.

1.

8.

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

a. Lee Brass Company.
b. McDonald, A. Y. Mfg. Co.

Body: Bronze, complying with ASTM B 584.

Plug: Bronze.

Ends: Threaded, socket, or flanged as indicated in "Underground Manual Gas Shutoff
Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
Operator: Square head or lug type with tamperproof feature where indicated.

Pressure Class: 125 psig.

Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.

Service: Suitable for natural-gas service with "WOG" indicated on valve body.

G. Cast-Iron, Lubricated Plug Valves: MSS SP-78.

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

a. Flowserve.

b. Homestead Valve; a division of Olson Technologies, Inc.
C. McDonald, A. Y. Mfg. Co.

d. Milliken Valve Company.

e. Mueller Co.; Gas Products Div.

f. R&M Energy Systems, A Unit of Robbins & Myers, Inc.

2. Body: Cast iron, complying with ASTM A 126, Class B.

3. Plug: Bronze or nickel-plated cast iron.

4, Seat: Coated with thermoplastic.

5. Stem Seal: Compatible with natural gas.

6. Ends: Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve
Schedule” and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.

7. Operator: Square head or lug type with tamperproof feature where indicated.

8. Pressure Class: 125 psig.

9. Listing: Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to
authorities having jurisdiction.
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MOTORIZED GAS VALVES

Automatic Gas Valves: Comply with ANSI Z21.21.

1.

ONO O R W

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

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

ASCO Power Technologies, LP; Division of Emerson.
Dungs, Karl, Inc.

Eaton Corporation; Controls Div.

Eclipse Combustion, Inc.

Honeywell International Inc.

Johnson Controls.

~0oo0 T

Body: Brass or aluminum.

Seats and Disc: Nitrile rubber.

Springs and Valve Trim: Stainless steel.

Normally closed.

Visual position indicator.

Electrical operator for actuation by appliance automatic shutoff device.

Electrically Operated Valves: Comply with UL 429.

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

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

ASCO Power Technologies, LP; Division of Emerson.

Dungs, Karl, Inc.

Eclipse Combustion, Inc.

Goyen Valve Corp.; Tyco Environmental Systems.

Magnatrol Valve Corporation.

Parker Hannifin Corporation; Climate & Industrial Controls Group; Skinner Valve
Div.

g. Watts Regulator Co.; Division of Watts Water Technologies, Inc.

~0o0oTp

Pilot operated.

Body: Brass or aluminum.

Seats and Disc: Nitrile rubber.

Springs and Valve Trim: Stainless steel.

120-V ac, 60 Hz, Class B, continuous-duty molded coil, and replaceable.
NEMA ICS 6, Type 4, coil enclosure.

Normally closed.

Visual position indicator.

2.6 PRESSURE REGULATORS
A. General Requirements:
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Single stage and suitable for natural gas.

Steel jacket and corrosion-resistant components.

Elevation compensator.

End Connections: Threaded for regulators NPS 2 and smaller; flanged for regulators
NPS 2-1/2 and larger.

B. Service Pressure Regulators: Comply with ANSI Z221.80.

1.

o0k w
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10.

11.
12.

13.

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

Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

Actaris.

American Meter Company.

Fisher Control Valves and Regulators; Division of Emerson Process Management.
Invensys.

Richards Industries; Jordan Valve Div.

Maxitral Corp.

~0oo0 T

Body and Diaphragm Case: Cast iron or die-cast aluminum.

Springs: Zinc-plated steel; interchangeable.

Diaphragm Plate: Zinc-plated steel.

Seat Disc: Nitrile rubber resistant to gas impurities, abrasion, and deformation at the
valve port.

Orifice: Aluminum; interchangeable.

Seal Plug: Ultraviolet-stabilized, mineral-filled nylon.

Single-port, self-contained regulator with orifice no larger than required at maximum
pressure inlet, and no pressure sensing piping external to the regulator.

Pressure regulator shall maintain discharge pressure setting downstream, and not
exceed 150 percent of design discharge pressure at shutoff.

Overpressure Protection Device: Factory mounted on pressure regulator.

Atmospheric Vent: Factory- or field-installed, stainless-steel screen in opening if not
connected to vent piping.

Maximum Inlet Pressure: 100 psig.

C. Line Pressure Regulators: Comply with ANSI Z21.80.

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

2. Basis-of-Design Product: Subject to compliance with requirements, provide product
indicated on Drawings or comparable product by one of the following:

a. Actaris.
b. American Meter Company.
C. Eclipse Combustion, Inc.
d. Fisher Control Valves and Regulators; Division of Emerson Process Management.
e. Invensys.
f. Maxitrol Company.
g. Richards Industries; Jordan Valve Div.
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3. Body and Diaphragm Case: Cast iron or die-cast aluminum.

4. Springs: Zinc-plated steel; interchangeable.

5. Diaphragm Plate: Zinc-plated steel.

6. Seat Disc: Nitrile rubber resistant to gas impurities, abrasion, and deformation at the
valve port.

7. Orifice: Aluminum; interchangeable.

8. Seal Plug: Ultraviolet-stabilized, mineral-filled nylon.

9. Single-port, self-contained regulator with orifice no larger than required at maximum
pressure inlet, and no pressure sensing piping external to the regulator.

10. Pressure regulator shall maintain discharge pressure setting downstream, and not
exceed 150 percent of design discharge pressure at shutoff.

11. Overpressure Protection Device: Factory mounted on pressure regulator.

12. Atmospheric Vent: Factory- or field-installed, stainless-steel screen in opening if not
connected to vent piping.

13. Maximum Inlet Pressure: 2 psig.

2.7 DIELECTRIC FITTINGS

A. General Requirements: Assembly of copper alloy and ferrous materials with separating
nonconductive insulating material. Include end connections compatible with pipes to be joined.

B. Dielectric Unions:

1.

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

Capitol Manufacturing Company.

Central Plastics Company.

Hart Industries International, Inc.

Jomar International Ltd.

Matco-Norca, Inc.

McDonald, A. Y. Mfg. Co.

Watts Regulator Co.; a division of Watts Water Technologies, Inc.
Wilkins; a Zurn company.

Se@moap o

Description:
a. Standard: ASSE 1079.

b. Pressure Rating: 125 psig minimum at 200 deg F.
C. End Connections: Solder-joint copper alloy and threaded ferrous.

C. Dielectric Flanges:

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

a. Capitol Manufacturing Company.
b. Central Plastics Company.
C. Matco-Norca, Inc.
d. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
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A.

e. Wilkins; a Zurn company.
2. Description:

a. Standard: ASSE 1079.
b. Factory-fabricated, bolted, companion-flange assembly.

C. Pressure Rating: 125 psig minimum at 200 deg F.

LABELING AND IDENTIFYING

Detectable Warning Tape: Acid- and alkali-resistant, PE film warning tape manufactured for
marking and identifying underground utilities, a minimum of 6 inches wide and 4 mils thick,
continuously inscribed with a description of utility, with metallic core encased in a protective
jacket for corrosion protection, detectable by metal detector when tape is buried up to 30 inches
deep; colored yellow.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine roughing-in for natural-gas piping system to verify actual locations of piping
connections before equipment installation.

B. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 PREPARATION

A. Close equipment shutoff valves before turning off natural gas to premises or piping section.

B. Inspect natural-gas piping according to NFPA 54 the International Fuel Gas Code to determine
that natural-gas utilization devices are turned off in piping section affected.

C. Comply with NFPA 54 the International Fuel Gas Code requirements for prevention of
accidental ignition.

3.3 INDOOR PIPING INSTALLATION

A. Comply with NFPA 54 the International Fuel Gas Code for installation and purging of natural-
gas piping.

B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Indicated locations and arrangements are used to size pipe and calculate friction loss,
expansion, and other design considerations. Install piping as indicated unless deviations to
layout are approved on Coordination Drawings.

C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during
progress of construction, to allow for mechanical installations.
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D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms
and service areas.

E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated
otherwise.

F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

G. Locate valves for easy access.

H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.
l. Install piping free of sags and bends.

J. Install fittings for changes in direction and branch connections.

K. Verify final equipment locations for roughing-in.

L. Comply with requirements in Sections specifying gas-fired appliances and equipment for
roughing-in requirements.

M. Drips and Sediment Traps: Install drips at points where condensate may collect, including
service-meter outlets. Locate where accessible to permit cleaning and emptying. Do not install
where condensate is subject to freezing.

1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.
Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and
same size as connected pipe. Install with space below bottom of drip to remove plug or
cap.

N. Extend relief vent connections for service regulators, line regulators, and overpressure
protection devices to outdoors and terminate with weatherproof vent cap.

0. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or
floors, and in floor channels unless indicated to be exposed to view.

P. Concealed Location Installations: Except as specified below, install concealed natural-gas
piping and piping installed under the building in containment conduit constructed of steel pipe
with welded joints as described in Part2. Install a vent pipe from containment conduit to
outdoors and terminate with weatherproof vent cap.

1. Above Accessible Ceilings: Natural-gas piping, fittings, valves, and regulators may be
installed in accessible spaces without containment conduit.

2. In Floors: Install natural-gas piping with welded or brazed joints and protective coating in
cast-in-place concrete floors. Cover piping to be cast in concrete slabs with minimum of
1-1/2 inches of concrete. Piping may not be in physical contact with other metallic
structures such as reinforcing rods or electrically neutral conductors. Do not embed
piping in concrete slabs containing quick-set additives or cinder aggregate.

3. In Floor Channels: Install natural-gas piping in floor channels. Channels must have
cover and be open to space above cover for ventilation.
4. In Walls or Partitions: Protect tubing installed inside partitions or hollow walls from

physical damage using steel striker barriers at rigid supports.
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a. Exception: Tubing passing through partitions or walls does not require striker
barriers.

5. Prohibited Locations:

a. Do not install natural-gas piping in or through circulating air ducts, clothes or trash
chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator
shafts.

b. Do not install natural-gas piping in solid walls or partitions.

Q. Use eccentric reducer fittings to make reductions in pipe sizes. Install fittings with level side
down.

R. Connect branch piping from top or side of horizontal piping.

S. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each
piece of equipment. Unions are not required at flanged connections.

T. Do not use natural-gas piping as grounding electrode.

u. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated
valve.

V. Install pressure gage downstream from each line regulator. Pressure gages are specified in
Division 23 Section "Meters and Gages for HVAC Piping."

W. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
for sleeves specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping."

X. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Division 23 Section "Sleeves and Sleeve Seals for
HVAC Piping."

Y. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Division 23 Section "Escutcheons for HVAC Piping."

Z. Install service meters downstream from pressure regulators.

AA. Install metal bollards to protect meter assemblies. Comply with requirements in Division 05
Section "Metal Fabrications" for pipe bollards.

3.4 OUTDOOR PIPING INSTALLATION

A. Comply with NFPA 54 and the International Fuel Gas Code for installation and purging of
natural-gas piping.

B. Install underground, natural-gas piping buried at least 36 inches below finished grade.

1. If natural-gas piping is installed less than 36 inches below finished grade, install it in
containment conduit.

C. Install underground, PE, natural-gas piping according to ASTM D 2774.

D. Install fittings for changes in direction and branch connections.
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3.5

3.6

Install pressure gage downstream from each service regulator. Pressure gages are specified in
Division 23 Section "Meters and Gages for HVAC Piping."

VALVE INSTALLATION

Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel
tubing, aluminum, or copper connector.

Install underground valves with valve boxes.

Install regulators and overpressure protection devices with maintenance access space
adequate for servicing and testing.

PIPING JOINT CONSTRUCTION
Ream ends of pipes and tubes and remove burrs.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Threaded Joints:

Thread pipe with tapered pipe threads complying with ASME B1.20.1.

Cut threads full and clean using sharp dies.

Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.

Apply appropriate tape or thread compound to external pipe threads unless dryseal
threading is specified.

Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or
damaged. Do not use pipe sections that have cracked or open welds.

PonpE
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Welded Joints:

1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and
welding operators.

2. Bevel plain ends of steel pipe.

3. Patch factory-applied protective coating as recommended by manufacturer at field welds
and where damage to coating occurs during construction.

Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube"
Chapter.

Flanged Joints: Install gasket material, size, type, and thickness appropriate for natural-gas
service. Install gasket concentrically positioned.

Flared Joints: Cut tubing with roll cutting tool. Flare tube end with tool to result in flare
dimensions complying with SAE J513. Tighten finger tight, then use wrench. Do not
overtighten.

PE Piping Heat-Fusion Joints: Clean and dry joining surfaces by wiping with clean cloth or
paper towels. Join according to ASTM D 2657.

1. Plain-End Pipe and Fittings: Use butt fusion.
2. Plain-End Pipe and Socket Fittings: Use socket fusion.
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3.7

HANGER AND SUPPORT INSTALLATION

A. Install seismic restraints on piping. Comply with requirements for seismic-restraint devices
specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and
Equipment.”

B. Comply with requirements for pipe hangers and supports specified in Division 23 Section
"Hangers and Supports for HYAC Piping and Equipment.”

C. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod
sizes:

1. NPS 1 and Smaller: Maximum span, 96 inches; minimum rod size, 3/8 inch.
2. NPS 1-1/4: Maximum span, 108 inches; minimum rod size, 3/8 inch.
3. NPS 1-1/2 and NPS 2: Maximum span, 108 inches; minimum rod size, 3/8 inch.
4. NPS 2-1/2 to NPS 3-1/2: Maximum span, 10 feet; minimum rod size, 1/2 inch.
5. NPS 4 and Larger: Maximum span, 10 feet; minimum rod size, 5/8 inch.

3.8 CONNECTIONS

A. Connect to utility's gas main according to utility's procedures and requirements.

B. Install natural-gas piping electrically continuous, and bonded to gas appliance equipment
grounding conductor of the circuit powering the appliance according to NFPA 70.

C. Install piping adjacent to appliances to allow service and maintenance of appliances.

D. Connect piping to appliances using manual gas shutoff valves and unions. Install valve within
72 inches of each gas-fired appliance and equipment. Install union between valve and
appliances or equipment.

E. Sediment Traps: Install tee fitting with capped nipple in bottom to form drip, as close as
practical to inlet of each appliance.

3.9 LABELING AND IDENTIFYING

A. Comply with requirements in Division 23 Section "ldentification for HVAC Piping and
Equipment" for piping and valve identification.

B. Install detectable warning tape directly above gas piping, 12 inches below finished grade,
except 6 inches below subgrade under pavements and slabs.

3.10 PAINTING

A. Comply with requirements in Division 09 painting Sections for painting interior and exterior
natural-gas piping.

B. Paint exposed, exterior metal piping, valves, service regulators, service meters and meter bars,
earthquake valves, and piping specialties, except components, with factory-applied paint or
protective coating.

1. Alkyd System: MPI EXT 5.1D.
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a. Prime Coat: Alkyd anticorrosive metal primer.

b. Intermediate Coat: Exterior alkyd enamel matching topcoat.
C. Topcoat: Exterior alkyd enamel semigloss.
d. Color: Yellow.

C. Paint exposed, interior metal piping, valves, service regulators, service meters and meter bars,
earthquake valves, and piping specialties, except components, with factory-applied paint or
protective coating.

D. Damage and Touchup: Repair marred and damaged factory-applied finishes with materials and
by procedures to match original factory finish.

3.11 FIELD QUALITY CONTROL
A. Perform tests and inspections.
B. Tests and Inspections:
1. Test, inspect, and purge natural gas according to NFPA 54 the International Fuel Gas
Code and authorities having jurisdiction.
C. Natural-gas piping will be considered defective if it does not pass tests and inspections.
D. Prepare test and inspection reports.
3.12 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain earthquake valves.

B. Aboveground natural-gas piping shall be one of the following:

1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.
3.13 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES LESS THAN 0.5 PSIG

A. Aboveground, branch piping NPS 1 and smaller shall be the following:
1. Steel pipe with malleable-iron fittings and threaded joints.

B. Aboveground, distribution piping shall be one of the following:
1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.

C. Underground, below building, piping shall be one of the following:
1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.
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3.14

3.15

3.16

Containment Conduit: Steel pipe with wrought-steel fittings and welded joints. Coat pipe and
fittings with protective coating for steel piping.

Containment Conduit Vent Piping: Steel pipe with malleable-iron fittings and threaded or
wrought-steel fittings with welded joints. Coat underground pipe and fittings with protective
coating for steel piping.

INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES MORE THAN 0.5 PSIG AND LESS
THAN 5 PSIG

Aboveground, branch piping NPS 1 and smaller shall be one of the following:

1. Steel pipe with malleable-iron fittings and threaded joints.
Aboveground, distribution piping shall be the following:

1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with steel welding fittings and welded joints.
OUTDOOR PIPING SCHEDULE

Underground natural-gas piping shall be the following:

1. PE pipe and fittings joined by heat fusion, or mechanical couplings; service-line risers
with tracer wire terminated in an accessible location.

Aboveground natural-gas piping shall be one of the following:

1. Steel pipe with malleable-iron fittings and threaded joints.
2. Steel pipe with wrought-steel fittings and welded joints.

Containment Conduit: Steel pipe with wrought-steel fittings and welded joints. Coat pipe and
fittings with protective coating for steel piping.

ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE

Valves for pipe sizes NPS 2 and smaller at service meter shall be one of the following:
1. One-piece, bronze ball valve with bronze trim.

2. Two-piece, full-port, bronze ball valves with bronze trim.

3. Bronze plug valve.

Valves for pipe sizes NPS 2-1/2 and larger at service meter shall be one of the following:
1. Two-piece, full-port, bronze ball valves with bronze trim.

2. Bronze plug valve.

3. Cast-iron, nonlubricated plug valve.

Distribution piping valves for pipe sizes NPS 2 and smaller shall be one of the following:

1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.
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3. Bronze plug valve.

D. Distribution piping valves for pipe sizes NPS 2-1/2 and larger shall be one of the following:

1. Two-piece, full-port, bronze ball valves with bronze trim.
2. Bronze plug valve.
3. Cast-iron, lubricated plug valve.

E. Valves in branch piping for single appliance shall be one of the following:

1. One-piece, bronze ball valve with bronze trim.
2. Two-piece, full-port, bronze ball valves with bronze trim.
3. Bronze plug valve.

END OF SECTION 231123
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SECTION 232213 — STEAM/CONDENSATE PIPING & SPECIALTIES

PART 1 - GENERAL

11

A.

1.2

1.3

1.4

15

RELATED DOCUMENTS

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

SUMMARY
This Section includes the following for LP steam and condensate piping:

Pipe and fittings.

Strainers.

Safety valves.

Pressure-reducing valves.

Steam traps.

Thermostatic air vents and vacuum breakers.
Blowdown tank.

Nogak~owNhE

DEFINITIONS
LP Systems: Low-pressure piping operating at 15 psig or less as required by ASME B31.9.

PERFORMANCE REQUIREMENTS

Components and installation shall be capable of withstanding the following minimum working
pressures and temperatures:

1. LP Steam Piping: 15 psig.

Condensate Piping: 15 psig at 250 deg F.

Makeup-Water Piping: 80 psig at 150 deg F.

Blowdown-Drain Piping: Equal to pressure of the piping system to which it is attached.
Air-Vent and Vacuum-Breaker Piping: Equal to pressure of the piping system to which it
is attached.

Safety-Valve-Inlet and -Outlet Piping: Equal to pressure of the piping system to which it
is attached.
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SUBMITTALS
Product Data: For each type of the following:

1. Pressure-reducing and safety valve.
2. Steam trap.
3. Air vent and vacuum breaker.

Shop Drawings: Detail, 1/4 inch equals 1-foot scale, fabrication of pipe anchors, hangers, pipe,
multiple pipes, alignment guides, and expansion joints and loops and their attachment to the
building structure. Detail locations of anchors, alignment guides, and expansion joints and
loops.

Quialification Data: For Installer.

Welding certificates.

Field quality-control test reports.
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F. Operation and Maintenance Data: For valves, safety valves, pressure-reducing valves, steam
traps, air vents, vacuum breakers, and meters to include in emergency, operation, and
maintenance manuals.

1.6 QUALITY ASSURANCE

A. Installer Qualifications:

1. Fiberglass Pipe and Fitting Installers: Installers of RTRF and RTRP shall be certified by

the manufacturer of pipes and fittings as having been trained and qualified to join
fiberglass piping with manufacturer-recommended adhesive.

B. Steel Support Welding: Qualify processes and operators according to AWS D1.1, "Structural
Welding Code - Steel."
C. Pipe Welding: Qualify processes and operators according to the following:

1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
2. Certify that each welder has passed AWS qualification tests for welding processes
involved and that certification is current.

D. ASME Compliance: Comply with ASME B31.9, "Building Services Piping" for materials,
products, and installation. Safety valves and pressure vessels shall bear the appropriate ASME
label.

PART 2 - PRODUCTS

2.1 COPPER TUBE AND FITTINGS
A. Drawn-Temper Copper Tubing: ASTM B 88, Type L.
B. Wrought-Copper Fittings and Unions: ASME B16.22.

2.2 STEEL PIPE AND FITTINGS
A. Steel Pipe: ASTM A 53/A 53M, black steel, plain ends, Type, Grade, and Schedule as indicated
in Part 3 piping applications articles.
B. Cast-lron Threaded Fittings: ASME B16.4; Classes 125 as indicated in Part3 piping
applications articles.

C. Malleable-lron Threaded Fittings: ASME B16.3; Classes 150 as indicated in Part 3 piping
applications articles.

D. Malleable-lIron Unions: ASME B16.39; Classes 150 as indicated in Part 3 piping applications
articles.

E. Cast-lron Threaded Flanges and Flanged Fittings: ASME B16.1, Classes 125 as indicated in
Part 3 piping applications articles; raised ground face, and bolt holes spot faced.

F. Wrought-Steel Fittings: ASTM A 234/A 234M, wall thickness to match adjoining pipe.

G.  Wrought-Steel Flanges and Flanged Fittings: ASME B16.5, including bolts, nuts, and gaskets
of the following material group, end connections, and facings:
1. Material Group: 1.1.

2. End Connections: Butt welding.
3. Facings: Raised face.
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2.3

24

Steel Pipe Nipples: ASTM A 733, made of ASTM A 53/A 53M, black steel of same Type,
Grade, and Schedule as pipe in which installed.

Stainless-Steel Bellows, Flexible Connectors:

1. Body: Stainless-steel bellows with woven, flexible, bronze, wire-reinforced, protective
jacket.

End Connections: Threaded or flanged to match equipment connected.

Performance: Capable of 3/4-inch misalignment.

CWP Rating: 150-psig.

Maximum Operating Temperature: 250 deg F.

arwbd

JOINING MATERIALS

Pipe-Flange Gasket Materials: Suitable for chemical and thermal conditions of piping system
contents.

1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless
thickness or specific material is indicated.
a. Full-Face Type: For flat-face, Class 125, cast-iron and cast-bronze flanges.
b. Narrow-Face Type: For raised-face, Class 250, cast-iron and steel flanges.

Flange Bolts and Nuts: ASME B18.2.1, carbon steel, unless otherwise indicated.

Solder Filler Metals: ASTM B 32, lead-free alloys. Include water-flushable flux according to
ASTM B 813.

Brazing Filler Metals: AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper
with copper; or BAg-1, silver alloy for joining copper with bronze or steel.

Welding Filler Metals: Comply with AWS D10.12 for welding materials appropriate for wall
thickness and chemical analysis of steel pipe being welded.

Welding Materials: Comply with Section Il, Part C, of ASME Boiler and Pressure Vessel Code
for welding materials appropriate for wall thickness and for chemical analysis of pipe being
welded.

DIELECTRIC FITTINGS

Description: Combination fitting of copper alloy and ferrous materials with threaded, solder-
joint, plain, or weld-neck end connections that match piping system materials.

Insulating Material: Suitable for system fluid, pressure, and temperature.

Dielectric Unions:

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

a. Capitol Manufacturing Company.
b. Central Plastics Company.

C. Hart Industries, International Inc.
d. Watts Water Technologies, Inc.
e. Zurn Plumbing Products Group.

2. Factory-fabricated union assembly, for 150-psig minimum working pressure at 180 deg F.

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

a. Capitol Manufacturing Company.
b. Central Plastics Company.
C. Watts Water Technologies, Inc.

Factory-fabricated companion-flange assembly, for 150-psig minimum working pressure
as required to suit system pressures.

E. Dielectric-Flange Kits:

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

a. Advance Products & Systems, Inc.
b. Calpico, Inc.

C. Central Plastics Company.

d. Pipeline Seal and Insulator, Inc.

2. Companion-flange assembly for field assembly. Include flanges, full-face- or ring-type
neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers,
and steel backing washers.

3. Separate companion flanges and steel bolts and nuts shall have 150-psig minimum
working pressure as required to suit system pressures.

2.5 VALVES

A. Gate, Globe, Check, Ball, and Butterfly Valves: Comply with requirements specified in
Division 23 Section "General-Duty Valves for HYAC Piping."

B. Stop-Check Valves:

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

a Crane Co.

b. Jenkins Valves; a Crane Company.
c Lunkenheimer Valves.

d. A.Y. McDonald Mfg. Co.

Body and Bonnet: Malleable iron.

End Connections: Flanged.

Disc: Cylindrical with removable liner and machined seat.

Stem: Brass alloy.

Operator: Outside screw and yoke with cast-iron handwheel.

Packing: Polytetrafluoroethylene-impregnated packing with two-piece packing gland
assembly.

Pressure Class: 150.

2.6 STRAINERS

A. Y-Pattern Strainers:

1. Body: ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.
STEAM/CONDENSATE PIPING & PROJECT #3360 232213-4
SPECIALTIES JUNE 12, 2018



2. End Connections: Threaded ends for strainers NPS 2 and smaller; flanged ends for
strainers NPS 2-1/2 and larger.

3. Strainer Screen: Stainless-steel, 20 mesh strainer, and perforated stainless-steel basket
with 50 percent free area.

4. Tapped blowoff plug.

5. CWP Rating: 150-psig working steam pressure.

B. Basket Strainers:

1. Body: ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.

2. End Connections: Threaded ends for strainers NPS 2 and smaller; flanged ends for
strainers NPS 2-1/2 and larger.

3. Strainer Screen: Stainless-steel, 20 mesh strainer, and perforated stainless-steel basket
with 50 percent free area.

4, CWP Rating: 150-psig working steam pressure.

2.7 SAFETY VALVES

A. Bronze or Brass Safety Valves:

1.

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

a. Armstrong International, Inc.

b. Kunkle Valve; a Tyco International Ltd. Company.
C. Spirax Sarco, Inc.

d. Watts Water Technologies, Inc.

Disc Material: Forged copper alloy.

End Connections: Threaded inlet and outlet.

Spring: Fully enclosed steel spring with adjustable pressure range and positive shutoff,
factory set and sealed.

Pressure Class: 150.

Drip-Pan Elbow: Cast iron and having threaded inlet and outlet with threads complying
with ASME B1.20.1.

Size and Capacity: As required for equipment according to ASME Boiler and Pressure
Vessel Code.

B. Cast-Iron Safety Valves:

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

a. Armstrong International, Inc.

b. Kunkle Valve; a Tyco International Ltd. Company.
C. Spirax Sarco, Inc.

d. Watts Water Technologies, Inc.

2. Disc Material: Forged copper alloy with bronze nozzle.

3. End Connections: Raised-face flanged inlet and threaded or flanged outlet connections.

4. Spring: Fully enclosed cadmium-plated steel spring with adjustable pressure range and
positive shutoff, factory set and sealed.

5. Pressure Class: 150.

6. Drip-Pan Elbow: Cast iron and having threaded inlet, outlet, and drain, with threads
complying with ASME B1.20.1.
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2.8

7. Exhaust Head: Cast iron and having threaded inlet and drain, with threads complying
with ASME B1.20.1.

8. Size and Capacity: As required for equipment according to ASME Boiler and Pressure
Vessel Code.

PRESSURE-REDUCING VALVES

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

Armstrong International, Inc.

Hoffman Specialty; Division of ITT Industries.
Leslie Controls, Inc.

Spence Engineering Company, Inc.

Spirax Sarco, Inc.

uokroONE

Size, Capacity, and Pressure Rating: Factory set for inlet and outlet pressures indicated.

Description:  Pilot-actuated, diaphragm type, with adjustable pressure range and positive
shutoff.

Body: Castiron.

End Connections: Threaded connections for valves NPS 2 and smaller and flanged
connections for valves NPS 2-1/2 and larger.

Trim: Hardened stainless steel.

Head and Seat: Replaceable, main head stem guide fitted with flushing and pressure-arresting
device cover over pilot diaphragm.

Gaskets: Non-asbestos materials.

Capacities and Characteristics:

1. See plan notes
2.9 STEAM TRAPS
A. Float and Thermostatic Traps:

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

a. Armstrong International, Inc.

b. Barnes & Jones, Inc.

C. Dunham-Bush, Inc.

d. Hoffman Specialty; Division of ITT Industries.
e. Spirax Sarco, Inc.

f. Sterling.

g. Mepco

2. Body and Bolted Cap: ASTM A 126, cast iron.

3. End Connections: Threaded.

4, Float Mechanism: Replaceable, stainless steel.

5. Head and Seat: Hardened stainless steel.

6. Trap Type: Balanced pressure.

7. Thermostatic Bellows: Stainless steel or monel.

8. Thermostatic air vent capable of withstanding 45 deg F of superheat and resisting water
hammer without sustaining damage.
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2.10

9.

10.

Vacuum Breaker: Thermostatic with phosphor bronze bellows, and stainless steel cage,
valve, and seat.
Maximum Operating Pressure: 125 psig.

THERMOSTATIC AIR VENTS AND VACUUM BREAKERS

Thermostatic Air Vents:

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

Armstrong International, Inc.

Barnes & Jones, Inc.

Dunham-Bush, Inc.

Hoffman Specialty; Division of ITT Industries.
Spirax Sarco, Inc.

Sterling.

g. Mepco
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Body: Cast iron, bronze or stainless steel.

End Connections: Threaded.

Float, Valve, and Seat: Stainless steel.

Thermostatic Element: Phosphor bronze bellows in a stainless-steel cage.
Pressure Rating: 125 psig.

Maximum Temperature Rating: 350 deg F.

Vacuum Breakers:

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

Armstrong International, Inc.

Dunham-Bush, Inc.

Hoffman Specialty; Division of ITT Industries.
Johnson Corporation (The).

Spirax Sarco, Inc.

Mepco
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Body: Castiron, bronze, or stainless steel.

End Connections: Threaded.

Sealing Ball, Retainer, Spring, and Screen: Stainless steel.
O-ring Seal: EPR.

Pressure Rating: 125 psig.

Maximum Temperature Rating: 350 deg F.

BLOWDOWN TANKS

1.

Manufacturers:

CleverBrooks
Cemline.
Shipco.

Penn Separator.
Bryan Steam.

PoooTp
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2. Furnish and install according to drawings and manufacturer’s instructions the quantity of
blowdown tank as shown on the drawings. Each unit shall consist of (1) ASME code
stamped steel receiver, with automatic after section and inlet, vent and drain tappings as
indicated below.

3. The blowdown tank shall be manufactured of steel ASME code stamped and include
manhole. The receiver shall be elevated with stand and equipped with: stainless steel
wear plate, tangential inlet tapping, water outlet which extends 6” off the bottom of tank
and an automatic aftercooler section with automatic discharge temperature regulating
valve, gate valve, wye strainer and thermometer. The receiver tank size shall be as
shown on the drawings.

4, The unit shall be factory tested as a complete unit. The pump manufacturer shall furnish
complete elementary connection and piping diagrams.

PART 3 - EXECUTION

3.1

3.2

3.3

LP STEAM PIPING APPLICATIONS

LP Steam Piping, NPS 2 and Smaller: Schedule 40, Type S, Grade B, steel pipe; Class 125
cast-iron fittings; and threaded joints.

LP Steam Piping, NPS 2-1/2 through NPS 8: Schedule 40, Type E, Grade B, steel pipe;
Class 150 wrought-steel fittings, flanges, and flange fittings; and welded and flanged joints.

Condensate piping above grade, NPS % through 2 and smaller, shall be either of the following:

1. Schedule 40, Type S, Grade B, steel pipe; Class 125 cast-iron fittings; and threaded
joints.
2. RTRP and RTRF with adhesive or flanged joints.

Condensate piping above grade, NPS 2-1/2 through 8 shall be either of the following:

1. Schedule 40, Type E, Grade B, steel pipe; Class 150 wrought-steel fittings, flanges, and
flange fittings; and welded and flanged joints.
2. RTRP and RTRF with adhesive or flanged joints.

VALVE APPLICATIONS

Install shutoff duty valves at branch connections to steam supply mains, at steam supply
connections to equipment, and at the outlet of steam traps.

Install safety valves on pressure-reducing stations and elsewhere as required by ASME Boiler
and Pressure Vessel Code. Install safety-valve discharge piping, without valves, to nearest
floor drain or as indicated on Drawings. Comply with ASME Boiler and Pressure Vessel Code:
Section VIII, Division 1, for installation requirements.

PIPING INSTALLATION

Drawing plans, schematics, and diagrams indicate general location and arrangement of piping
systems. Use indicated piping locations and arrangements if such were used to size pipe and
calculate friction loss, expansion, and other design considerations. Install piping as indicated
unless deviations to layout are approved on Coordination Drawings.
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B. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms
and service areas.

C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right
angles or parallel to building walls. Diagonal runs are prohibited unless specifically indicated
otherwise.

D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.

E. Install piping to permit valve servicing.

F. Install piping free of sags and bends.

G. Install fittings for changes in direction and branch connections.

H. Install piping to allow application of insulation.

l. Select system components with pressure rating equal to or greater than system operating
pressure.

J. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing
of valves.

K. Install drains, consisting of a tee fitting, NPS 3/4 full port-ball valve, and short NPS 3/4 threaded
nipple with cap, at low points in piping system mains and elsewhere as required for system

drainage.

L. Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of
steam flow.

M. Install condensate return piping at a minimum uniform grade of 0.4 percent downward in

direction of condensate flow.

N. Reduce pipe sizes using eccentric reducer fitting installed with level side down.
Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping."

P. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of
equipment, and elsewhere as indicated.

Q. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere
as indicated.

R. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere
as indicated. Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers
NPS 2 and larger. Match size of strainer blowoff connection for strainers smaller than NPS 2.

S. Install expansion loops, expansion joints, anchors, and pipe alignment guides as specified in

Division 23 Section "Expansion Fittings and Loops for HVAC Piping."
T. Identify piping as specified in Division 23 Section "ldentification for HVAC Piping and

Equipment.”
u. Install drip legs at low points and natural drainage points such as ends of mains, bottoms of
risers, and ahead of pressure regulators, and control valves.
1. On straight runs with no natural drainage points, install drip legs at intervals not
exceeding 300 feet.
2. Size drip legs same size as main. In steam mains NPS 6 and larger, drip leg size can be

reduced, but to no less than NPS 4.

V. Install sleeves for piping penetrations of walls, ceilings, and floors. Comply with requirements
for sleeves specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping."

STEAM/CONDENSATE PIPING & PROJECT #3360 232213 -9
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W. Install sleeve seals for piping penetrations of concrete walls and slabs. Comply with
requirements for sleeve seals specified in Division 23 Section "Sleeves and Sleeve Seals for
HVAC Piping.”
X. Install escutcheons for piping penetrations of walls, ceilings, and floors. Comply with
requirements for escutcheons specified in Division 23 Section "Escutcheons for HYAC Piping."
3.4 STEAM-TRAP INSTALLATION
Install steam traps in accessible locations as close as possible to connected equipment.
B. Install full-port ball valve, strainer, and union upstream from trap; install union, check valve, and
full-port ball valve downstream from trap unless otherwise indicated.
3.5 PRESSURE-REDUCING VALVE INSTALLATION
A. Install pressure-reducing valves in accessible location for maintenance and inspection.
B. Install bypass piping around pressure-reducing valves, with globe valve equal in size to area of
pressure-reducing valve seat ring, unless otherwise indicated.
C. Install gate valves on both sides of pressure-reducing valves.
D. Install unions or flanges on both sides of pressure-reducing valves having threaded- or flanged-
end connections respectively.
E. Install pressure gages on low-pressure side of pressure-reducing valves after the bypass
connection according to Division 23 Section "Meters and Gages for HYAC Piping."
F. Install strainers upstream for pressure-reducing valve.
G. Install safety valve downstream from pressure-reducing valve station.
3.6 STEAM OR CONDENSATE METER INSTALLATION
A. Install meters with lengths of straight pipe upstream and downstream according to steam meter
manufacturer's instructions.
B. Provide data acquisition wiring. Refer to Division 23 Section "Instrumentation and Control for
HVAC."
3.7 SAFETY VALVE INSTALLATION
A. Install safety valves according to ASME B31.9, "Building Services Piping." and ASME B31.9,
"Building Services Piping."
B. Pipe safety-valve discharge without valves to atmosphere outside the building.
Install drip-pan elbow fitting adjacent to safety valve and pipe drain connection to nearest floor
drain.
D. Install exhaust head with drain to waste, on vents equal to or larger than NPS 2-1/2.
3.8 HANGERS AND SUPPORTS
A. Install hangers and supports according to Division 23 Section "Hangers and Supports for HVAC
Piping and Equipment." Comply with requirements below for maximum spacing.
B. Seismic restraints are specified in Division 23 Section "Vibration and Seismic Controls for
HVAC Piping and Equipment.”
C. Install the following pipe attachments:
STEAM/CONDENSATE PIPING & PROJECT #3360 232213 -10

SPECIALTIES JUNE 12, 2018



3.9

1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.

2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or
longer.

3. Pipe Roller: MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer,
supported on a trapeze.

4. Spring hangers to support vertical runs.

Install hangers with the following maximum spacing and minimum rod sizes:

NPS 3/4: Maximum span, 9 feet; minimum rod size, 1/4 inch.
NPS 1. Maximum span, 9 feet; minimum rod size, 1/4 inch.
NPS 1-1/2: Maximum span, 12 feet; minimum rod size, 3/8 inch.
NPS 2: Maximum span, 13 feet; minimum rod size, 3/8 inch.
NPS 2-1/2: Maximum span, 14 feet; minimum rod size, 3/8 inch.
NPS 3: Maximum span, 15 feet; minimum rod size, 3/8 inch.
NPS 4: Maximum span, 17 feet; minimum rod size, 1/2 inch.
NPS 6: Maximum span, 21 feet; minimum rod size, 1/2 inch.
NPS 8: Maximum span, 24 feet; minimum rod size, 5/8 inch.

woNOO~WNE

Install hangers for drawn-temper copper piping with the following maximum spacing and
minimum rod sizes:

NPS 1/2: Maximum span, 4 feet; minimum rod size, 1/4 inch.
NPS 3/4: Maximum span, 5 feet; minimum rod size, 1/4 inch.
NPS 1: Maximum span, 6 feet; minimum rod size, 1/4 inch.
NPS 1-1/2: Maximum span, 8 feet; minimum rod size, 3/8 inch.
NPS 2: Maximum span, 8 feet; minimum rod size, 3/8 inch.

ogbrwnE

Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

PIPE JOINT CONSTRUCTION

Join pipe and fittings according to the following requirements and Division 23 Sections
specifying piping systems.

Ream ends of pipes and tubes and remove burrs. Bevel plain ends of steel pipe.

Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before
assembly.

Soldered Joints: Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube
ends. Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using
lead-free solder alloy complying with ASTM B 32.

Brazed Joints: Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube"
chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.

Threaded Joints: Thread pipe with tapered pipe threads according to ASME B1.20.1. Cut
threads full and clean using sharp dies. Ream threaded pipe ends to remove burrs and restore
full ID. Join pipe fittings and valves as follows:

1. Apply appropriate tape or thread compound to external pipe threads unless dry seal
threading is specified.

2. Damaged Threads: Do not use pipe or pipe fittings with threads that are corroded or
damaged. Do not use pipe sections that have cracked or open welds.

Welded Joints: Construct joints according to AWS D10.12, using qualified processes and
welding operators according to Part 1 "Quality Assurance” Article.

Flanged Joints: Select appropriate gasket material, size, type, and thickness for service
application. Install gasket concentrically positioned. Use suitable lubricants on bolt threads.
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3.10

TERMINAL EQUIPMENT CONNECTIONS

A. Size for supply and return piping connections shall be the same as or larger than equipment
connections.

B. Install traps and control valves in accessible locations close to connected equipment.

C. Install bypass piping with globe valve around control valve. If parallel control valves are
installed, only one bypass is required.

Install vacuum breakers downstream from control valve, close to coil inlet connection.

E. Install a drip leg at coil outlet.
3.11 FIELD QUALITY CONTROL
A. Prepare steam and condensate piping according to ASME B31.9, "Building Services Piping,"
and as follows:

1. Leave joints, including welds, uninsulated and exposed for examination during test.

2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test
pressure. If temporary restraints are impractical, isolate expansion joints from testing.

3. Flush system with clean water. Clean strainers.

4. Isolate equipment from piping. If a valve is used to isolate equipment, its closure shall be
capable of sealing against test pressure without damage to valve. Install blinds in
flanged joints to isolate equipment.

B. Perform the following tests on steam and condensate piping:

1. Use ambient temperature water as a testing medium unless there is risk of damage due
to freezing. Another liquid that is safe for workers and compatible with piping may be
used.

2. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the
working pressure. Test pressure shall not exceed maximum pressure for any vessel,
pump, valve, or other component in system under test. Verify that stress due to pressure
at bottom of vertical runs does not exceed 90 percent of specified minimum vyield
strength.

3. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping,
joints, and connections for leakage. Eliminate leaks by tightening, repairing, or replacing
components, and repeat hydrostatic test until there are no leaks.

C. Prepare written report of testing.
END OF SECTION 232213
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SECTION 232500 - HVAC WATER TREATMENT

PART 1 - GENERAL

11 RELATED DOCUMENTS

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

1.2 SUMMARY

A. This Section includes water-treatment systems for the following:

1. Closed circulating water system related to HVAC.
2. Heating, steam and condensate piping.
B. Related Sections include the following:
1. Section "Water Softeners" for water treatment in hydronic and steam and condensate
piping.
1.3 CHEMICAL FEED SYSTEM DESCRIPTION

A. Closed-Loop System: One bypass feeder on each system with isolating and drain valves
downstream from circulating pumps, unless otherwise indicated.

1.

Introduce chemical treatment through bypass feeder when required or indicated by test.

B. Closed-Loop, Heating Steam and Condensate Piping: Lead-lag switch controls the sequence of
boilers and introduces the chemical to the boiler through a bypass feeder.

1. Chemical feed pump introduces sequestering agent and base from solution tank into
each boiler or condensate tank or feedwater line close to each boiler, with minimum of
one pump per boiler. Use agitator as required.

2. Pump oxygen scavenger feed from solution tank into deaerator storage tank or feedwater
tank or feedwater line as far as possible from boiler. Use agitator as required.

3. Feed carbon dioxide, neutralizing amine from solution tank directly into boiler or steam
header or condensate tank or feedwater line close to boiler, or flming amine into steam
header. Use agitator as required.

4, Activate chemical solution pump when feedwater pumps are running.

5. Activate chemical solution pump from meter on makeup water line only when one boiler
is used.

6. Continuously run pump for feeding chemical when multiple boilers are used.

7. Liquid-level switch, in each solution tank, deactivates chemical solution pump and signals
alarm.

HVAC WATER TREATMENT PROJECT #3360 232500-1
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1.4

1.5

8. Conductivity controller samples boiler water on timed cycle and operates solenoid
blowdown valve.

PERFORMANCE REQUIREMENTS

Maintain water quality for HVAC systems that controls corrosion and build-up of scale and
biological growth for maximum efficiency of installed equipment without posing a hazard to
operating personnel or the environment.

Base chemical treatment performance requirements on quality of water available at Project site,
HVAC system equipment material characteristics and functional performance characteristics,
operating personnel capabilities, and requirements and guidelines of authorities having
jurisdiction.

1. Closed System: Maintain system essentially free of scale, corrosion, and fouling to
sustain the following water characteristics:

a. pH: 810 9.

2. Steam and Condensate Piping System: Maintain system essentially free of scale,
corrosion, total suspended solids, and fouling to sustain the following water
characteristics:

a. pH: 810 9.

SUBMITTALS

Product Data: Include rated capacities; water-pressure drops; shipping, installed, and operating
weights; and furnished products listed below:

Control equipment and devices.
Test equipment.
Filters.

1. Chemical feeders.

2. Chemicals.

3. Pumps.

4, Chemical solution tanks.
5. Agitators.

6.

7.

8.

Shop Drawings: Detail equipment assemblies indicating dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

1. Wiring Diagrams: Detail power and control wiring and differentiate between
manufacturer-installed and field-installed wiring.

Water Analysis: Submit a copy of the water analysis to illustrate water quality available at
Project site.

Field Test Reports: Indicate and interpret test results for compliance with performance
requirements.
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E. Maintenance Data: For pumps, agitators, filters, system controls, and accessories to include in
maintenance manuals specified in Division 1.
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1.6

A.

B.

1.7

A.

B.

1.8

A.

QUALITY ASSURANCE

Installer Qualifications: An experienced installer who is an authorized representative of the
chemical treatment manufacturer for both installation and maintenance of chemical treatment
equipment required for this Project.

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

MAINTENANCE

Scope of Service: Provide chemicals and service program for maintaining optimum conditions
in the circulating water for inhibiting corrosion, scale, and organic growths in the following:

1. Heating steam and condensate piping.
2. Condenser water piping.
3. Equipment.

Services and chemicals shall be provided for a period of one year from date of Substantial
Completion, including the following:

Initial water analysis and recommendations.

Startup assistance.

Periodic field service and consultation.

Customer report charts and log sheets.

Laboratory technical assistance.

Analyses and reports of all chemical items concerning safety and compliance with
government regulations.

ogakwnpE

EXTRA MATERIALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

1. Chemicals: Furnish quantity equal to 50% percent of amount initially installed.

PART 2 - PRODUCTS

21

A.

MANUFACTURERS

Manufacturers: Subject to compliance with requirements, provide products by one of the
following or as specified on drawing:

1. HVAC Water-Treatment Products:

a. Aqua-Chem, Inc.; Cleaver-Brooks Div.
b. Neptune Chemical Pump Company, Inc.
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C. Trane Boland Services; Water Treatment.

2.2 BYPASS FILTER FEEDER
A. Manufacturer & Model: Neptune FTF-5HP with 5-micron filter and leg set or approved equal.
B. Provide bypass filter feeder(s) with a capacity of 5-gallons for each:
1. Hot water heating system.
2. Chilled water system.
3. Closed circulating water system related to HVAC.

C. The feeder shell shall be constructed of 10-gauge steel minimum for 5-gallon and larger units.
Tank heads shall be minimum 9-gauge steel for 5-gallon units. The bypass feeder shall be rated
at 300 psi and to 200 degrees F.

D. The tank shall have a wide mouth, 3-1/2” opening so that chemical addition can be performed
without the need of a funnel. The bypass feeder shall have a continuous threaded closure
requiring 2-1/2 turns to close and seal. Closures using partial threads or lugs shall not be
considered. Closures rated less than 300 psi shall not be considered equal.

E. The cap shall be constructed of cast iron with an epoxy-coated underside to prevent corrosion
and shall use a square ring gasket seal. The ring gasket shall not be glued or restrained from
movement. Closures using “0” rings or gaskets, which are glued or restrained from free
movement by snap rings, shall not be considered equal.

F. Required Accessories:

1. Legs — The bypass feeder shall be provided with legs to elevate the feeder off the floor.
The legs shall have holes to allow mounting by anchor bolts.
2. Filter (provide one of the two filter accessories):
a. Bag Filter — The bypass feeder shall be provided with a 5-micron filter bag fully
supported by a stainless-steel filter basket for simultaneous side stream filtering.
b. Cartridge Filter — The bypass feeder shall be provided with a 5-micron cartridge
filter for simultaneous side stream filtering.
2.3 CHEMICAL FEEDING EQUIPMENT

A. Drip Feeders: Plastic reservoir with capillary tubing probe, weight, charging syringe, and clip.

B. Positive-Displacement Diaphragm Pump (for normal operating pressures): Simplex, self-
priming, rated for intended chemical with 25 percent safety factor for design pressure and
temperature.

1. Adjustable flow rate.

2. Thermoplastic construction.

3 Fully enclosed, continuous-duty, 120-V, 60-Hz, single-phase motor. As specified on
drawing.

4, Built-in relief valve.

C. Chemical Solution Tanks: Chemical-resistant reservoirs fabricated from high-density opaque
polyethylene with graduated markings.
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2.4

1. Molded fiberglass cover with recess for mounting pump, agitator, and liquid-level switch.
2. Capacity: as specified on drawing.

Agitator: Direct drive, 1750 rpm, mounted on tank with angle adjustment.

1. Fully enclosed, continuous-duty, 120-V, 60-Hz, single-phase motor.as specified on
drawing.
2. Stainless-steel clamp and motor mount, with stainless-steel shaft and propeller.

Liquid-Level Switch: Polypropylene housing, integrally mounted PVC air trap, receptacles for
connection to metering pump, and low-level alarm.

Packaged Conductivity Controller:  Solid-state circuitry, 5 percent accuracy, linear dial
adjustment, built-in calibration switch, on-off switch and light, control-function light, output to
control circuit, and recorder.

Cold-Water Meter: Positive-displacement type with sealed, tamperproof magnetic drive;
impulse contact register; single-pole, double-throw, dry-contact switch.

1. Rotating-disc (for small units) or Turbine (for larger units) type with bronze or cast-iron
body rated for 125 psig.

2. Magnetic-drive or mechanical-impulse contactor matched to signal receiver.

3. At least six-digit totalizers.

4. 120-V ac.

Solenoid Valves: Forged-brass body, globe pattern, and general-purpose solenoid enclosure
with 120-V, continuous-duty coil.

Electronic Timers: 150-second and 5-minute ranges, with infinite adjustment over full range, and
mounted in cabinet with hand-off-auto switches and status lights.

Chemical Tubing: Schedule 40, PVC with solvent-cement joints; or polypropylene tubing with
heat fusion.

Plastic Ball Valves: Rigid PVC or CPVC body, integral union ends, and polytetrafluoroethylene
seats and seals.

Plastic-Body Strainer: Rigid PVC or CPVC with cleanable stainless-steel strainer element.

CHEMICAL TREATMENT TEST EQUIPMENT

Test Kit: Manufacturer recommended equipment and chemicals, in a carrying case, for testing
pH, total dissolved solids, dissolved oxygen, biocount, chloride, and total alkalinity and for
calcium hardness field tests.

Corrosion Test Coupon Assembly: Constructed of corrosion material, complete with piping,
valves, and mild steel and copper coupons. Locate copper coupon downstream from mild steel
coupon in the test coupon assembly.

1. Two-station rack for closed-loop systems.
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2.5

A.

CHEMICALS

Furnish chemicals recommended by water-treatment system manufacturer that are compatible
with piping system components and connected equipment.

System Cleaner: Liquid alkaline compound with emulsifying agents and detergents to remove
grease and petroleum products.

Biocide: Chlorine release agents or microbiocides.

Closed-Loop, Water Piping Chemicals: Sequestering agent to reduce deposits and adjust pH,
corrosion inhibitors, and conductivity enhancers.

Heating Steam and Condensate Piping Chemicals: Sequestering agent to reduce hardness and
prevent feedline congestion and to provide alkalinity, oxygen scavenger, carbon-dioxide
neutralizer, and filming amines.

Open-Loop, Condenser Water Piping Chemicals: Sequestering agent to inhibit scaling, acid to
reduce alkalinity and pH, corrosion inhibitor, and biocide.

Open-Loop Piping Chemicals Serving Humidifiers, Air Washers, Evaporative Condensers,
Small Cooling Towers, and Liquid Coolers: Sequestering agent to inhibit scaling, corrosion
inhibitor, and biocide nonoxidizing.

PART 3 - EXECUTION

3.1 WATER ANALYSIS
A. Perform an analysis of supply water to determine the type and quantities of chemical treatment
needed to maintain the water quality as specified in "Performance Requirements" Article.
3.2 INSTALLATION
A. Install treatment equipment level and plumb.
B. Add cleaning chemicals as recommended by manufacturer.
3.3 CONNECTIONS
A. Piping installation requirements are specified in other mechanical Sections. Drawings indicate
general arrangement of piping, fittings, and specialties.
B. Install piping adjacent to equipment to allow service and maintenance.
C. Con_firm applicable electrical requirements in Electrical Sections for connecting electrical
equipment.
D. Ground equipment.
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3.4

3.5

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

FIELD QUALITY CONTROL

Engage a factory-authorized service representative to perform startup service.

1. Inspect field-assembled components and equipment installation, including piping and
electrical connections. Report results in writing.
2. Inspect piping and equipment to determine that systems and equipment have been

cleaned, flushed, and filled with water, and are fully operational before introducing
chemicals for water-treatment system.

3. Place HVAC water-treatment system into operation and calibrate controls during the
preliminary phase of HVAC systems' startup procedures.

Test chemical feed piping as follows:

1. Do not enclose, cover, or put piping into operation until it is tested and satisfactory test
results are achieved.

2. Test for leaks and defects. If testing is performed in segments, submit separate report for
each test, complete with diagram of portion of piping tested.

3. Leave uncovered and unconcealed new, altered, extended, and replaced water piping

until it has been tested and approved. Expose work that has been covered or concealed
before it has been tested and approved.

4, Cap and subject piping to static water pressure of 50 psig above operating pressure,
without exceeding pressure rating of piping system materials. Isolate test source and
allow test pressure to stand for four hours. Leaks and loss in test pressure constitute

defects.

5. Repair leaks and defects with new materials and retest piping until satisfactory results are
obtained.

6. Prepare test reports, including required corrective action.

ADJUSTING

Sample boiler water at one-week intervals after boiler startup for a period of five weeks, and
prepare certified test report for each required water performance characteristic. Where
applicable, comply with ASTM D 3370 and the following standards:

Silica: ASTM D 859.

Steam System: ASTM D 1066.
Acidity and Alkalinity: ASTM D 1067.
Iron: ASTM D 1068.

Water Hardness: ASTM D 1126.

uokroONE

Occupancy Adjustments: Within 12 months of Substantial Completion, perform two separate
water analyses to prove that automatic chemical feed systems are maintaining water quality
within performance requirements specified in this Section. Perform analyses at least 60 days
apart. Submit written reports of water analysis.
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3.6 DEMONSTRATION

A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain HVAC water-treatment systems and equipment.

1. Train Owner's maintenance personnel on procedures and schedules for starting and
stopping, troubleshooting, servicing, and maintaining equipment and schedules.

B. Review manufacturer's safety data sheets for handling of chemicals.

C. Review data in maintenance manuals, especially data on recommended parts inventory and
supply sources and on availability of parts and service. Refer to Division 1 Section "Contract
Closeout" or Division 1 Section "Operation and Maintenance Data."

D. Schedule at least four hours of training with Owner, through Architect, with at least seven days'

advance notice.

END OF SECTION 232500
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SECTION 235239 - FIRE-TUBE BOILERS

PART 1 - GENERAL

11 RELATED DOCUMENTS

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

1.2 SUMMARY

A. Section includes horizontal, packaged, factory-fabricated and -assembled fire-tube boilers, trim, and
accessories for generating steam.

13 ACTION SUBMITTALS

A. Product Data: For each type of product include the following:

1.

10.

11.

12.

13.

Construction details, material descriptions, dimensions, and weights of individual components,
profiles, and finishes for boilers.

Rated capacities, operating characteristics, and furnished specialties and accessories.

Predicted boiler efficiency while operating at design capacity and at varying part loads with basis
indicated.

Predicted emissions levels while operating at design capacity and at varying part loads with basis
indicated. Indicate operation that produces worst-case emissions.

Technical data for refractory and insulation, including temperature rating, thermal performance,
attachment, and arrangement.

Calculations showing predicted surface temperature of boiler jacket with basis indicated.

Force and moment capacity of each piping and flue connection.

Dimensioned location of low, high, and normal water level, showing operating set point and each
alarm set point.

Temperature and pressure rating, size, and materials of construction for boiler trim components,
including piping, fittings, flanges, unions, and valves. Provide valve manufacturer's product data for
each valve fumished. For safety valves, include trip and reset settings and flow capacity.
Manufacturer's product data showing size, scale range, and accuracy of thermometers and pressure
gages.

Pressure rating, size, and materials of construction for boiler fuel train components including piping,
fittings, flanges, unions, switches, and valves. Provide manufacturer's product data for each valve and
switch furnished.

Detailed information of controls, including product data with technical performance, operating
characteristics, and sequence of operation.

Product data for each motor, including performance, operating characteristics, and materials of
construction.

B. Shop Drawings: For boilers, boiler trim, and accessories.

1.
2.

C-809(0716)

Include plans, elevations, sections, and mounting details.
Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances,
method of field assembly, components, and location and size of each field connection.

Design calculations and base details, signed and sealed by a qualified professional engineer.



a. Design Calculations: Calculate requirements for selecting vibration isolators and seismic
restraints and for designing bases.

b. Base Details: Detail fabrication, including anchorages and attachments to structure and to
supported equipment. Include adjustable motor bases, rails, and frames for equipment
mounting.

4, Include diagrams for power, signal, and control wiring. Differentiate between factory and field
installation.
5. Include piping diagrams of factory-furnished piping that indicate size and each piping component.
1.4 INFORMATIONAL SUBMITTALS

A. Coordination Drawings: Plan and elevation views, drawn to 3/8"-1-0" scale, indicating equipment
manufacturers' service clearances, structure and base attachment, piping, power, controls, and flues. Each
view shows a screened background with the following:

1.
2.
3

Column grids, beams, columns, and concrete housekeeping pads.

Room layout with walls, floors, and roofs, including each room name and number.

Equipment and products of other trades that are located in vicinity of boilers and are part of final
installation, such as lighting, fire-suppression systems, and plumbing systems.

B. Seismic Qualification Certificates: For boilers, accessories, and components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled
components or on calculation.
2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe
mounting and anchorage provisions.
3. Detailed description of equipment anchorage devices on which the certification is based and their
installation requirements.
C. Installation instructions.

D. Source quality-control reports.

E. Field quality-control reports.

F. Sample Warranty: For special warranty.

G. Other Informational Submittals:

1. ASME Stamp Certification and Report: Submit "A," "S," or "PP" stamp certificate of authorization, as
required by authorities having jurisdiction, and document hydrostatic testing of piping external to
boiler.

2. Startup service reports.

15 CLOSEOUT SUBMITTALS

A. Operation and Maintenance Data: For boilers, components, and accessories to include in emergency,
operation, and maintenance manuals.

B. Spare Parts List: Recommended spare parts list with quantity for each.
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1.6

1.7

1.8

C.

D.

A.

B.

A.

B.

C.

D.

A.

Touch-up Paint Description: Detailed description of paint used in application of finish coat to allow for
procurement of a matching paint.

Instructional Videos: Including those that are prerecorded and those that are recorded during training.

MAINTENANCE MATERIAL SUBMITTALS

Tool kit to include the following:

1. A tool kit specially designed by boiler manufacturer for use in servicing boiler(s) furnished.

2. Special tools required to service boiler components not readily available to Owner service personnel
in performing routine maintenance.

3. Lockable case with hinged cover, marked with large and permanent text to indicate the special
purpose of tool kit, such as "Boiler Tool Kit." Text size shall be at least 1 inch (25 mm) high.

4, A list of each tool furnished. Permanently attach the list to underside of case cover. Text size shall be

at least 0.5 inch (13 mm) high.
Touch-up Paint: 32 0z. (1 L) container of paint used for finish coat. Label on outside of container shall have
a detailed description of paint to allow for procurement of a matching paint in the future.
DELIVERY, STORAGE, AND HANDLING

Ship boilers from the factory free of water. Drain water and blow dry with compressed air if required to
remove all water before shipping.

Cover and protect flue, electrical controls, and piping connections before shipping. Protect and seal
openings and connections with blinds, caps, plugs, and other materials during delivery, storage, and
handling.

Protect boiler components with removable temporary enclosures to prevent damage during shipping,
storage, and installation.

Package boiler for export shipping in totally enclosed crate with bagging.

WARRANTY

Special Warranty: Manufacturer agrees to repair or replace front- and rear-door refractories and heat
exchangers of boilers that fail in materials or workmanship within specified warranty period.

1. Horizontal Fire-Tube Boilers: Refractory in front and rear doors, 10 years from date of startup by
factory-authorized personnel.

PART 2 - PRODUCTS

2.1

A.

PERFORMANCE REQUIREMENTS
Fuel-to-steam efficiency indicated shall be based on the following:

1. ASME Performance Test Code (PTC) 4, Input-Output method.
2. Test Operating Conditions:

a. Ambient Temperature: 80°F.
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b. Ambient Relative Humidity: 30%.
c. Percent Excess Air in Exhaust Flue Gas: 15.
d. Fuel Heating Value: 21,830 BTU/LB

B. Gas-Fired Boiler Emissions: Not to exceed allowable ambient air quality standards in governing jurisdiction
and indicated values.

1. Carbon monoxide:
a. 10 parts per million at any point from 100 percent to 20 percent fire.

2. Nitrogen compounds: 20 parts per million (dry volume basis and corrected to 3 percent oxygen) at
any point from 100 percent to low fire.

3. Sulfur compounds: One part per million (dry volume basis and corrected to 3 oxygen) at any point
from 100 percent to low fire.

4, Hydrocarbon and Volatile Organic Compounds: 10 parts per million (dry volume basis and corrected

to 3 percent oxygen) at any point from 100 percent to low fire.
5. Particulate Matter: 0.01 Ib/MMBtu.
6. Smoke: Not visible and not to exceed No. 1 on the Bacharach smoke scale.

C. Multiple Boiler Operation: Equip individual boilers in multiple boiler applications with integral controls to
provide multiple boiler operation for optimum system performance, energy efficiency, and the following:

1. Equalize runtime of boilers in service.

2. Operate multiple boilers hot to minimize disruption of service in the event of single boiler failure.

3 Configure controls so any boiler can be taken out of service with power disconnected and not impact
multiple boiler operation.

D. Sound: Boiler sound level, measured according to parameters defined in ABMA publication "Boiler 304
Measurement of Sound from Steam Generators" shall not exceed 70 dBA.

E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified
testing agency, and marked for intended location and application.

F. ASME Compliance: Fabricate and label boilers to comply with 2010 ASME Boiler and Pressure Vessel
Code.

G. ASHRAE/IES 90.1 Compliance: Boilers shall have minimum efficiency according to "Gas and Oil Fired
Boilers - Minimum Efficiency Requirements."

H. ISO 14000 Certification: Boiler manufacturer to provide certification stating that it has self-certified its
company to ISO 14000.

l. UL Compliance: Test Boilers for compliance with UL 726 and UL 795. Boilers shall be listed and labeled by
a testing agency acceptable to authorities having jurisdiction.

l. General Requirements

A. Furnish and install (2) low pressure, wet base, cast iron sectional boiler(s) with power burner(s) that pressurize
the firebox and operate under forced and balanced draft at a minimum of 83.1% Gas Thermal efficiency.

B.Assemble and install boiler-burner unit(s) in compliance with manufacturer’s installation instructions. All work must
be done in a neat and workman like manner.
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C. Weil-McLain -refer to drawing for schedule
1. Boiler-burner unit Field assembled (standard).
2. Natural gas fired
3. steam.
4. Forced draft.

D. Boiler(s) shall have an AHRI gross output(s) at 100% firing rate —
Refer to schedule on dwg.

E. Boiler(s) shall be manufactured to conform to Section IV of
the ASME Boiler and Pressure Vessel Code.
1. Individual sections (and section assembly) to be hydrostatically pressure tested at factory in accordance
with ASME requirements.
2. Maximum allowable working pressure 80 PSIG water and 15 PSIG steam cast as part of section with
ASME symbol.

Regulatory Requirements

Boiler(s) and controls to comply with applicable regulations.
Provide U.L. labeled burner(s).

Provide add option for local code(s) ie: MASS Code, BAR

wNhEm

Submittals

Submit shop drawings and product data.

Submittal packet to include boiler (and burner) manufacturer descriptive literature, installation instruc-
tions, operating instructions, and maintenance instructions.

NE O
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[l. Product

A. Acceptable boiler/burner manufacturer(s) include(s):
1. Weil-McLain only, as specified in Part 1, Paragraph C.

2. Other manufacturer(s) or other Weil-McLain boiler(s) must comply with specifying
engineer’s requirements, including:

a) Full intent of these specifications, and provide complete submittal including
literature, wiring diagrams, fuel piping diagrams, and a list of similar installations.

b) Submittal to be presented to specifying engineer at least seven working days for approval be-
fore bid opening. Substitutions are not permitted after contract is awarded.

C) Burner(s) and Energy Management Control System(s) must be tested and approved for installa-
tion with specified boiler-by-boiler manufacturer.

B. Boiler construction
Boiler sections
Assembled with short, individual draw rods.

Cast with sealing grooves for high temperature sealing rope to assure permanent gas-
tight seal.

Sealed watertight by elastomer sealing rings, not cast iron nipples. Each port opening
is machined to completely capture sealing ring between sections.

Must be hydro-wall design to provide completely water-cooled combustion chamber.
Provided with sufficient tappings to install required controls.

Limited 10-year warranty against workmanship and defects to be in writing by manu-
facturer.

C. Boiler(s)
Provided with HXT bars to maximize heat transfer
Provided with cast-in air elimination to separate air from circulating water.
Provided with expansion tank tapping to divert separated air to expansion tank.

Constructed to provide balanced water flow through entire section assembly using sin-
gle supply and return connections for water. No external headers are necessary for
water. Steam requires two or more supplies to an external header 24” minimum from
the waterline to the bottom of the header.

Designed with a low silhouette to provide maximum headroom.

Furnished with insulated burner mounting plate having necessary holes and tappings
to mount burner. High temperature sealing rope is used to provide permanent gas-tight
seal between front section and plate.

Furnished with two observation ports (one in front and one in back) to allow visual in-
spection of the flame.

Provided with cast iron flue collar with a built-in adjustable damper capable of being
locked into place after adjustment.

High temperature sealing rope used to provide permanent gas-tight seal between hood
and section assembly.

Furnished with heavy gauge steel cleanout plates to cover cleanout openings on the
side of the boiler(s).
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Port openings must be of captured seal desigh — a machined groove assures uniform
compression of the sealing ring and protects the seal from contaminants. Elastomer
sealing rings are to be used to provide permanent watertight seal between sections.
Unlike cast iron or steel push nipples, the elasticity of the seals fills any gaps caused
by misalignment or expansion or contraction.

Shipped with insulated heavy gauge steel jacket(s) with durable powdered paint
enamel finish. Jacket designed to be installed after connecting supply and return
piping. Side panels can be removed without tools for easy servicing.

E. Boiler foundation(s):

F. Boiler trim:
1.
b)

c)

Installer to construct needed support and level concrete foundation(s) where boiler
room floor is uneven or will not support the weight of the boiler(s).

All electrical components to be of high quality and bear the U.L. label.
Steam boiler(s) standard controls furnished:
1) Low pressuretrol (operating) and high pressuretrol set at maximum pressure as
a safety control.
2) Steam pressure gauge with dial clearly marked and easy to read.
3) Gauge cock water set with gauge glass, guards and aluminum water level plate.
4) ASME certified pressure relief valve, set to relieve at 15 PSIG. Side outlet dis-
charge type; contractor to pipe outlet to floor drain or near floor, avoiding any ar-
ea where freezing could occur.
Low water cut-off for steam boailer(s):
1) Boiler(s) to be furished with U.L. labeled low water cut-off with ASME working
pressure rating equal to the ASME rating of the relief valve.
2) Do not use quick-connect fittings on boiler(s).
3) Install cut-off according to manufacturer’s instructions.
4) Locate so burner shuts down if boiler water level falls below allowable safe wa-
terline (steam boilers, %" above bottom of gauge glass).
5) Steam boiler primary low water cut-off shall be a float type — auto reset.
6) Steam boiler secondary low water cut-off shall be float or probe — manual reset.

[l. Burner(s) construction, features and requirements:

1.

Noghrwd

© ©

Burner fuel supply system and burner installation to conform to burner manufacturer’s
installation instructions and applicable codes.

Burner motor characteristics: refer to schedule.

Control characteristics 120/60/1.

Burner fuel — natural gas

Code(s) - CSD-1 or as per custor insurance requirements.
Burner(s) to have U.L. label(s) supplied by the burner manufacturer.

Burner(s) designed to ensure high efficiency and good performance under forced draft
conditions with 0.1” W.C. positive pressure at the flue collar.

Burner to be adjusted to provide 9.5 to 10.0% CO: for gas and/or 11.5 to 12% CO:
with zero smoke for oil firing.

Burner(s) manufactured by:
Webster or approved equal.

. Burner operating mode: modulating

Panel options — power on/fuel on light is standard on all burner(s) with panels.
1) Call For Heat
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2) Ignition On

3) Pilot Failure

4) Low Water

5) Flame Failure

6) Silencing Switch

7) Control Fuse and Holder
8) Post Purge Timer

9) Alarm Bell

B. Start-up and Service

The contractor shall obtain the services of a factory-authorized agent to provide
burner light off and adjustment. The start-up agent shall provide a burner light-
off report as written proof that the burer was adjusted to optimum performance.

The authorized agent shall provide a one-year service warranty after start-up.

2.2 GAS TRAIN

A. Comply with Owner insurance underwriter requirements. In absence of specific requirements,
comply with more stringent requirements indicated.

B. Pilot gas piping train shall include:

1. One manually operated, lubricated plug cock or ball valve upstream of all valves and
accessories.

2. One pressure regulator with vent.

3. Pressure gage located downstream of pressure regulator. Nominal 2-inch (50-mm) face
with graduated scale to indicate gas pressure. Gage shall have normal operating
pressure of about 50 percent of full range.

4, Primary and secondary automatic valves to operate simultaneously.

5. Normally open, full port electrically operated valve in a vent pipe connected between
automatic valves.

6. Manually operated valve with threaded plug located downstream of both automatic gas

valves to permit leakage testing.

C. Main gas piping train shall include:

1. Threaded pressure tapping with threaded plug upstream and downstream of valve and
regulator.

2. One manually operated, lubricated plug cock, ball valve, or butterfly valve upstream and
downstream of all valves and accessories.

3. One main pressure regulator with vent.

4, Primary and secondary automatic valves to operate simultaneously.

5. Manually operated gas valve with threaded plug located downstream of both automatic
gas valves to permit leakage testing.

6. Normally open, full port electrically operated valve in a vent pipe connected between
automatic valves.

7. Pressure gage with isolation valve located upstream and downstream of pressure
regulator and at inlet to burner. Nominal 2-inch (50-mm) diameter face with graduated
scale to indicate gas pressure. Gage shall have normal operating pressure of about 50
percent of full range.

8. Proof of closure switch for each motor-operated valve and pressure regulator.

9. Low-gas-pressure and high-gas-pressure switch.
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2.3

Control devices and sequence shall comply with ASME CSD-1 requirements.

Main gas valves shall be wired to close automatically in the event of power failure, low water
level, or any safety shutdown condition.

Mount pilot and main gas trains on side of boiler and support from boiler base.

STEAM BOILER TRIM

Include devices sized to comply with ASME BPUC Section IV and B16.
Pressure Controllers: Operating, firing rate, and high limit.

Safety Relief Valve:

1. Size and Capacity: As required for equipment according to 2010 ASME Boiler and
Pressure Vessel Code.

2. Description: Fully enclosed steel spring with adjustable pressure range and positive
shutoff; factory set and sealed.

a. Drip-Pan Elbow: Cast iron and having flanged or threaded inlet and outlet with
threads complying with ASME B1.20.1.

b. Exhaust Head: Install exhaust head on vent pipe connected to safety relief valve.

Pressure Gage: Nominal 4-inch (100-mm) diameter face with graduated scale and siphon, with
isolation valve to indicate pressure vessel steam pressure. Gage shall have boiler normal
operating pressure of about 50 percent of full range and an accuracy of 0.5, 1 percent.

Bimetal Thermometer: Stainless-steel case with angle position adjustment and nominal 5-inch
(125-mm) diameter face having a graduated scale with a range of approximately 1.5 times the
outlet temperature. Mount thermometer in a Type 316 stainless-steel thermowell to indicate
steam temperature inside pressure vessel.

Water Column: Minimum 12-inch (300-mm) reflex glass gage with gage rods to protect glass,
ball check and shutoff cocks, water column blowdown valves, and vacuum breaker. Midpoint of
gage shall be at normal operating water level.

Bottom Blowdown Valves: Factory-installed, duty-rated, slow-acting blowdown valves and
interconnecting piping same size as boiler nozzle. Blowdown valves shall be combination of
slow and quick acting as required by ASME B31.1.

Surface Blowdown Valves: Factory-installed, duty-rated isolation valves and interconnecting
piping. In addition, provide electrically operated control valve, duty rated, to control total
dissolved solids (TDS) through boiler controls.

Stop Valves: Boiler outlets, except safety relief valves, shall be equipped with duty-rated stop
valve in an accessible location as near as is practical to boiler nozzle and same size or larger
than nozzle. Valves larger than NPS 2 (DN 50) shall have rising stem.

Stop-Check Valves: Factory-installed, duty-rated stop-check valve and stop valve at boiler outlet
with free-blow drain valve field installed between the two valves and visible when operating
stop-check valve.
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2.4

Feedwater Valves: Factory-installed, three-valve bypass arrangement with modulating control
valve positioned between duty-rated stop valves, bypass piping with throttling valve, check
valve, and interconnecting piping. Stop and throttling valves larger than NPS 2 (DN 50) shall
have rising stem. Modulating control valve shall have the following features and characteristics:

Duty rated with electric operator to control water level through boiler controls.
Equal percentage flow characteristic.

Valve Flow: 1.25 times boiler output.

Valve Pressure and Temperature Rating: Equal to boiler.

Shut-off Leakage: 0.0001 percent of valve coefficient.

uokroONE

Chemical Injection Assembly: Factory-installed, duty-rated injection quill with ball check valve
and isolation valve compatible with dispensed chemical.

Sample Cooler: Factory furnished for field installation, with needle valve for each connection.
Constructed of Type 316 stainless steel.
CONTROLS

Boiler operating controls shall include the following devices and features:

1. Control transformer(s) with fuse protection, as required by manufacturer, to implement
requirements indicated. Provide transformer with 25 percent spare capacity.
2. Set-Point Adjust: Operating and alarm set points shall be field adjustable.

Pressure Control for Steam Boilers:

1. Operating-Pressure Control: Factory wired and mounted to control boiler to maintain
boiler at constant pressure within 2 percent of set point.

2. High-Pressure Cutoff with Automatic Reset: Control stops burner if operating conditions
rise above normal operating-pressure set point. Set point shall be adjustable.

3. High-Pressure Cutoff with Manual Reset: Control stops burner operation upon reaching

adjustable high limit set point that is below safety valve setting.
Water-Level Control for Steam Boilers:
1. Operating Water-Level Control: Operate feedwater pump(s) continuously and modulate

boiler feedwater valve in response to water level, steam flow rate, and rate of pressure
change for water-level control.

2. Low-Water Cutoff Switch: Float and electronic probe shall prevent burner operation on
low water. Cutoff switch shall be automatic-reset type.
3. Auxiliary Low-Water Cutoff Switch: Float and electronic probe shall prevent burner

operation on low-water alarm limit. Cutoff switch shall be manual-reset type.

Microprocessor-based control.

Accuracy within 0.01 inch (0.25 mm).

Visual indication of level, alarms, and errors through alphanumeric display.
Features:

Nooas

a Continuous water-level indication.
b. Low-water cutoff and alarm.
C High-water alarm.

d. Low- and high-water warning.
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Control of feedwater pump.

Control of modulating feedwater control valve.
Continuous monitoring of float operation.
Column blowdown detection and reminder.
Auxiliary low-water cutoff check.

Auto and manual reset.

Alarm annunciation.

rT T Ta o

D. Multiple Boiler Operation: Include automatic, alternating-firing sequence for multiple boilers to
ensure maximum system efficiency throughout the load range and to provide equal runtime for
boilers.

E. Boiler Emergency Shutdown: Interlock with field-installed boiler emergency shutdown switch to
shut down boiler when activated. Manufacturer to furnish break-glass-type switch with
permanent nameplate titled "Boiler Emergency Shutdown" for field installation.

F. Chemical Feed System Interface: Dry contacts to interface control and operation of chemical
feed pump.

G. Burner Safety Controls for Steam Boilers: To maintain safe operating conditions, burner safety
controls limit burner operation.

1. High Cutoff: Automatic and Manual reset stops burner if operating conditions rise above
maximum boiler operating pressure.

2. Low-Water Cutoff Switch: Float and electronic probe shall prevent burner operation on
low water. Cutoff switch shall be automatic-reset type.

3. Auxiliary Low-Water Cutoff Switch: Float and electronic probe shall prevent burner
operation on low-water alarm limit. Cutoff switch shall be manual-reset type.

4. Audible Alarm: Factory mounted on control panel with silence switch; shall sound alarm

for above conditions.

H. Burner Flame Safeguard Controls:

1. Factory equipped with flame safeguard control and infrared flame scanner.

2. Microprocessor-based, solid-state control having sequence and flame-on visual indication
and fault code indications of flame safeguard trip functions.

3. Control shall include dynamic self-check logic.

4. Control shall have a fixed operating sequence incapable of being manually altered that
includes start, prepurge, pilot and main fuel ignition run, and postpurge cycles.

5. Control shall be nonrecycle type for maximum safety that shall shut down the burner and

indicate, as a minimum, the following trip functions:

a. Pilot and main flame failure.
b. High- and low-fire proving switch faults.
c. Running interlocks open.
d. False flame signal and fuel valve open.
6. Control shall include a run/test switch to allow interruptions to sequence just after

prepurge and during pilot ignition trial, and run cycles for adjustments to firing rate motor,
damper linkages, and pilot flame for minimum turndown tests.

l. Combustion-Air Controls: Factory equipped with motor-operated combustion-air damper and
blower control to regulate burner fire according to load demand.
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J. Oxygen Trim Control:

1. Provide oxygen trim system to continuously monitor and display oxygen concentrations in
boiler flue gas and adjust fuel and airflow to maintain an adjustable oxygen-level set
point.

2. System shall compensate for changes in ambient temperature, barometric pressure,

humidity, and variations in fuel characteristics.
K. Surface Blowdown Control: Provide a conductivity sensor and control circuitry to operate an
automatic control valve in surface blowdown piping to maintain total dissolved solids (TDS)
within boiler manufacturer's prescribed level.

L. DDC System Interface: Factory install hardware and software to enable system to monitor,
control, and display boiler status and alarms.

1. Hardwired 1/O Points:

a. Monitoring: On/off status, common trouble alarm, low-water-level alarm.
b. Control: On/off operation, steam pressure adjustment.
2. Communication Interface: ASHRAE 135 (BACnet) communication interface shall enable

control system operator to remotely control on/off and capacity of boiler and monitor the
boiler operation from an operator workstation. Control features are available, and
monitoring points are displayed locally at boiler-control panel through the interface.

M. Integrated Boiler-Control System:

1. Integral control of burner management for flame safety, boiler modulation, and operator
interface functions with features and functions indicated.

2. Factory preconfigured.
3. Utilizing solid-state controls and sensors to provide various control functions, including
the following:

a. Automatic sequencing of the boiler through standby, prepurge, pilot flame
establishing period, main flame establishing period, run, flame proving and lockout,
and postpurge.

b. Full modulating control of air and fuel through Proportional-Integral-Derivative
(PID) algorithm.

c. Thermal shock protection.

d. High and low limit alarms and shutdowns.

4. Local operator interface through nominal 10-inch (250-mm) color touch screen graphical
display for setup, monitoring, and data acquisition.

a. Manual control of the boiler firing rate using control screens to increment or
decrement firing rate.

b. Indication of burner management controller status and diagnostics.

c. Display of system alarms and faults.

d. Display of history of alarms and faults.

e. Display of recommendations for troubleshooting of fault conditions.

f. Display of water-level indication and alarm(s).

g. Stack flue-gas, combustion-air, and shell water-temperature indication.

h. Boiler efficiency calculation and display.

i. Low-fire hold with minimum temperature control.
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J- Assured low-fire cutoff (ALFCO).
k. High stack temperature annunciation with auto cutoff.
l. Audible alarm and silencing through touch screen intervention.

5. Fully integrated control of the following:
a. Blower operation and combustion-air damper for varying operating conditions.
b. Oxygen trim and monitoring to compensate for combustion-air variations.
C. Parallel positioning for independent fuel and air control for enhanced fuel
efficiency.
d. Multiple boiler lead/lag control with hot standby.
e. Draft control for maintaining proper and consistent draft for enhanced fuel
efficiency.
6. E-mail and paging feature to multiple contacts via Internet and phone line independent of
control system interface.
7. LAN/WAN interface with remote monitoring software to allow remote monitoring

independent of control system interface.
N. Control Enclosures:
1.  NEMA 250, Type 1.
a. Provide enclosure with integral vents, fans, heater, and air conditioner as required

to automatically control temperature inside enclosure within safe operating limits of
devices installed within the enclosure.

2. Wiring shall be numbered and color-coded to match wiring diagram. Provide a laminated
wiring diagram located inside enclosure.

3. Mounted on boiler assembly at a location convenient to operator.

4, Provide hinged full-size door with key lock. Provide common key for all locks.

5. Enclosure shall consist of multiple sections divided by a partition with a separate hinged

door for each section. One section shall house low-voltage controls and other section
shall house line voltage controls.

6. Enclosure shall house the following:
a. Control transformers with fuses.
b. Labeled terminal strips.
C. Controller(s) to provide control and alarm functions indicated.
d. Audible indication of safety alarms.

7. Face of enclosure shall provide the following:

Visual indication of operating components and alarms.

Auto/local capability to allow operator to manually operate boiler locally.
Audible alarm-silence capability.

Labels for switches, lights, and displays to provide clear indication of service.

cooo

0. Control Instrument Enclosures: Control instruments and devices that are mounted on the boiler
assembly and cannot be installed inside the control enclosure shall have same or higher level of
protection indicated for control enclosures.

P. Control Cable and Wire:
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Control cable and wiring shall be numbered and color-coded to match wiring diagram.
Install cable and wiring located outside of enclosure(s) in a metal raceway. Use flexible
conduit to make final terminations. Provide watertight installation for applications exposed
to moisture.

ELECTRICAL POWER

Single-Point Field Power Connection: Factory-installed and -wired switches, motor controllers,
transformers, and other electrical devices necessary shall provide a single-point field power
connection to boiler.

1. Enclosure: NEMA 250, Type 1.

a. Enclosure shall have integral vents, fans, heat, and air conditioner as required to
automatically control temperature inside enclosure within safe operating limits of
devices installed within the enclosure.

b. Mounted on boiler assembly at a location convenient to operator.

C. Enclosure shall have hinged full-size door with key lock with common key for all
locks.

2. Wiring shall be numbered and color-coded to match wiring diagram. Provide a laminated
wiring diagram located inside enclosure.

3. Install wiring outside of an enclosure in a metal raceway. Make final connections to
motors using flexible conduit. Provide watertight installation for applications exposed to
moisture.

4, Field power interface shall be to circuit breaker. Withstanding rating of disconnecting
means shall protect equipment. Coordinate requirements with field electrical power
source.

5. Provide branch power circuit to each motor and to controls with a disconnect switch or
circuit breaker.

6. Provide each motor with NEMA-rated motor controller, hand-off-auto switch, and
overcurrent protection. Provide variable-frequency controller with manual bypass and line
reactors for each variable-speed motor indicated.

7. Provide transformer with fuses and power wiring to power a 20-A 120-V duplex
receptacle mounted in each boiler control panel for use in connecting analytical and
testing equipment.

2.6 FINISH

General:

1. Paint boiler, using manufacturer's standard procedures, except comply with requirements
indicated.

2. Miscellaneous surfaces shall be finished to match continuous surfaces.

3. Manufacturer shall field touch up or entirely repaint surface finishes, which were
damaged during shipment, to original condition, using original materials and methods.

4, Paint shall be suitable for temperatures encountered on painted surfaces.

5. Requirements indicate minimum quality level. Provide more robust paint system if
required to comply with other requirements indicated.

Preparation:
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1. Follow paint manufacturer's published preparation and application instructions.

2. When paint manufacturer's recommended preparation requirements differ from those
specified, use more stringent requirements.

3. Structural steel with visible corrosion shall be sandblasted according to SSPC SP-6 or
SSPC SP-10 before applying primer and paint.

4. Before application of a primer and a top coat, remove oil and grease from surfaces to be
coated using clean rags soaked in thinner according to SSPC SP-1.

5. Treat galvanized-steel surfaces that cannot be procured with a phosphatized finish with a
phosphate rinse to ensure proper paint adhesion.

C. Primer:

1. Rust-inhibiting type with a minimum dry film thickness of 2 mils (0.05 mm).

2. Provide multiple passes if required to prevent runs.

3. Select a primer that is compatible with substrate and finish coat.

D. Finish Coat:

1. Finish coat shall be alkyd enamel, epoxy, polyurethane.

2. Use dry film thickness recommended by paint manufacturer, but not less than 2 mils
(0.05 mm). Provide multiple passes if required to prevent runs.

E. Paint the following surfaces with both a primer and finish coat:

1. Base and miscellaneous supports that are not hot dip galvanized.

2. Carbon steel that is not galvanized.

3. Exterior surfaces of unit exposed to view.

4. Piping and trim.

F. Do not paint aluminum or stainless steel.
2.7 CAPACITIES AND CHARACTERISTICS
A. Heating Medium: Steam.
B. Design Pressure Rating: 150 psig (1035 kPa).
2.8 SOURCE QUALITY CONTROL
A. Test and inspect factory-assembled boilers, before shipping, according to 2010 ASME Boiler
and Pressure Vessel Code.
B. Burner and Hydrostatic Test:

1. Factory adjust burner to eliminate excess oxygen, carbon dioxide, oxides of nitrogen
emissions, and carbon monoxide in flue gas and to achieve performance requirements
indicated.

2. Perform hydrostatic test of pressure vessel, piping, and trim of assembled boiler.

C. Witness Testing:

1. Allow Owner access to witness source quality-control testing of boilers.
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2. Notify Archict 15 days in advance of testing.

PART 3 - EXECUTION

3.1

3.2

A.

EXAMINATION

Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes
and locations, and flue; piping; controls; and electrical connections to verify actual locations,
sizes, and other conditions affecting boiler performance, maintenance, and operations.

1. Boiler locations indicated on Drawings are approximate. Determine exact locations before
roughing-in for flue, piping, controls, and electrical connections.

Examine areas where boilers will be installed for suitable conditions.

Proceed with installation only after unsatisfactory conditions have been corrected.

BOILER INSTALLATION

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

Equipment Mounting:

1. Install boilers on cast-in-place concrete equipment base(s). Comply with requirements for
equipment bases and foundations specified in Section 033053 "Miscellaneous Cast-in-
Place Concrete."

Install gas-fired boilers according to NFPA 54.
Assemble and install boiler trim, components, and accessories that are not factory installed.
Install control and electrical devices furnished with boiler that are not factory mounted.

Install control and power wiring to field-mounted control and electrical devices furnished with
boiler that are not factory installed.

Perform boil-out and cleaning procedures according to manufacturer's written instructions after
completion of hydrostatic testing and before performing other field tests. Boiler manufacturer's
factory-authorized representative shall witness boil-out and cleaning procedures. Following boil-
out and cleaning procedures, boiler shall be washed and flushed until water leaving boiler is
clear.

Protect boiler fireside and waterside from corrosion.

1. Before boiler is filled with water, protect by dry storage method recommended by boiler
manufacturer.

2. After boiler is filled with water, and left not fired for more than 10 days, protect by wet
storage method recommended by boiler manufacturer.

3. Chemical Treatment: Quality of water in boilers shall be maintained by a professional
water-treatment organization that shall provide on-site supervision to maintain the
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3.3

3.4

3.5

required water quality during periods of boiler storage as well as during operating,
standby, and test conditions.
PIPING CONNECTIONS

Piping installation requirements are specified in other Sections. Drawings indicate general
arrangement of piping, fittings, and specialties.

Where installing piping adjacent to boiler(s), allow space for service and maintenance.

Connect gas piping to boiler gas-train inlet with dirt leg, shutoff valve, and union or flange.
Piping shall be at least full size of gas-train connection. Provide a reducer if required.

Connect steam and condensate piping to supply-, return-, and blowdown-boiler connections
with union or flange at each connection. Provide each connection with shutoff valve if shutoff
valves are not factory furnished with boiler trim. Provide check valves in blowdown piping of
each boiler that connects multiple boilers.

Provide each connection with shutoff valve and other accessories indicated and recommended
by manufacturer.

Install piping from safety relief valves to nearest floor drain.

Install piping from safety valves and drip-pan elbows. Extend piping from safety valves and
terminate to vent outdoors. Extend piping from drip-pan elbow drain to nearest floor drain.

Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full
size of connection. Provide an isolation valve if required.

Hot equipment drains connected to sanitary drainage system shall be cooled before discharging
into the system if required to comply with more stringent of governing code requirements and
requirements indicated.

1. Provide a temperature-controlled nonpotable domestic cold water source to cool hot
equipment drains to deliver a discharge temperature of 120°F.

Connect chemical-treatment piping to each boiler chemical-treatment connection with check
valve and isolation valve.
FLUE CONNECTIONS

Connect breeching to full size of boiler outlet. Comply with requirements in Section 235750
"Fabricated Breechings and Accessories" for venting materials.

Install easily accessible test ports for field testing of flue gas from each boiler.
ELECTRICAL POWER CONNECTIONS

Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."
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3.6

3.7

Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."

CONTROLS CONNECTIONS

Install control and electrical power wiring to field-mounted control devices.

Connect control wiring between boilers and other equipment to interlock operation as required,
to provide a complete and functioning system.

Connect control wiring between boiler control interface and DDC control system for remote
monitoring and control of boilers.

FIELD QUALITY CONTROL
Testing Agency: Engage a qualified testing agency to perform tests and inspections.

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

Perform the following tests and inspections with the assistance of a factory-authorized service
representative:

1. Perform installation and startup checks according to manufacturer's written instructions.

2. Hydrostatic Leak Test: Repair leaks and retest until no leaks exist.

3 Operational Test: Start units to confirm proper motor rotation and unit operation. Adjust
air-fuel ratio and combustion.

4, Test and adjust controls and safeties. Replace damaged and malfunctioning controls and
equipment.

a. Burner Test: Adjust burner to eliminate excess oxygen, carbon dioxide, oxides of
nitrogen emissions, and carbon monoxide in flue gas and to achieve combustion
efficiency.

b. Check and adjust initial operating set points and high- and low-limit safety set
points of fuel supply, water level, and water temperature, steam pressure.

C. Set field-adjustable switches and circuit-breaker trip ranges as indicated.

Boiler will be considered defective if it does not pass tests and inspections.
Prepare test and inspection reports.

Occupancy Adjustments: When requested within 12 months of date of Substantial Completion,
provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to
two visits to Project during other-than-normal occupancy hours for this purpose.

Performance Tests:

1. Manufacturer's Field Service: Engage a factory-authorized service representative to
inspect component assemblies and equipment installations, including connections, and to
conduct performance testing.

2. Boilers shall comply with performance requirements indicated, as determined by field-
performance tests. Adjust, modify, or replace equipment in order to comply.
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3.8

Perform field-performance tests to determine the capacity and efficiency of boilers.

a. For dual-fuel boilers, perform tests for each fuel.

b. Test for full capacity.

C. Test for boiler efficiency at 20, 40, 60, 80, and high fire 100 percent of full capacity.
Determine and document efficiency at each test point.

4, Test each safety valve. Record pressure at valve blowdown and reset. Test valve(s) with
boiler operating at full capacity to ensure valve has capacity to prevent further rise in
pressure.

5. For boilers equipped with automatic oxygen trim control, conduct tests with automatic
oxygen trim control on manual at zero trim and record performance. Repeat tests with
automatic oxygen trim control under automatic control and record performance.

6. Repeat tests until results comply with requirements indicated.

7. Provide measurement and analysis equipment required to determine performance.

8. Provide temporary equipment and system modifications necessary to dissipate the heat
produced during tests if building systems are inadequate.

9. Notify Architect 20 days in advance of test dates.

10. Document test results in a report and submit with informational submittals.

DEMONSTRATION

Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain boilers. Video training sessions and provide electronic copy of
video to Owner. Refer to Section 017900 "Demonstration and Training."

END OF SECTION 235239
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SECTION 235313 - BOILER FEEDWATER & RECEIVER PUMP SYSTEMS

PART 1 - GENERAL

1.1 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section includes packaged, factory-assembled, boiler feedwater pump system.
1.3 DEFINITIONS

A. NPSHR: Net-positive suction head required.

1.4 ACTION SUBMITTALS

A. Product Data: For each unit to include the following:

1.

Equipment performance and operating characteristics, such as rated makeup water,
feedwater, steam condensate, and steam flow rates; working pressure; tank capacities;
temperature and NPSHR; and pump performance curves with selection points clearly
indicated.

Furnished specialties and accessories.

Construction details, material descriptions, dimensions and weight of individual
components, and profiles and finishes.

Force and moment capacity of each field piping connection.

Dimensioned location of low, high, and normal water level showing operating set point
and each alarm set point.

Temperature and pressure rating, size, and materials of construction for trim components
including piping, fittings, flanges, unions, and valves. Provide valve manufacturer Product
Data for each valve furnished. For safety valves, include trip and reset settings and flow
capacity.

Manufacturer Product Data showing size, scale range, and accuracy of thermometers
and pressure gages.

Detailed information of controls including Product Data with technical performance,
operating characteristics, and sequence of operation.

Product Data for each motor, including performance, operating characteristics, and
materials of construction.

B. Shop Drawings:

—_

Include plans, elevations, sections, and [mounting] [attachment] details.

2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required
clearances, method of field assembly, components, and location and size of each field
connection.

3. Include diagrams for power, signal, and control wiring. Differentiate between factory and
field installation.
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1.5

1.7

1.8

4. Include piping diagrams of factory-furnished piping that indicate size and each piping
component.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Plan and elevation views, drawn to 3/8” = 1°-0” scale, indicating
equipment manufacturer's service clearances, structure and base attachment, piping, power,
and controls. Each view to show screened background with the following:

1. Column grids, beams, columns, and concrete equipment bases.

2. Room layout with walls, floors, and roofs, including each room name and number.

3 Equipment and products located in vicinity of boiler feedwater pumps and part of final
installation including products of other trades, such as lighting, fire suppression systems,
and plumbing systems.

Seismic Qualification Data: Certificates, for feedwater equipment, accessories, and
components, from manufacturer.

1. Basis of Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate
and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which certification is based and

their installation requirements.
Source quality-control reports.

Field quality-control reports.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For feedwater equipment to include in emergency, operation,
and maintenance manuals.

Instructional Videos: Including those that are prerecorded and those that are recorded during
training.
MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.

1. Gaskets: Furnish one replacement gasket(s) for each gasketed opening.
2. Gage Glass: Furnish one replacement glass(es) for each gage glass.
3. Pump Mechanical Seal Set: Furnish one replacement mechanical seal set(s) for each

unique pump mechanical seal.

DELIVERY, STORAGE, AND HANDLING

Preparation for Shipping:
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1. Clean flanges and exposed-metal surfaces and treat with anticorrosion compound after
assembly and testing.

2. Protect flanges, pipe openings, and nozzles with flange covers or with screwed-in plugs.
3. Ship boiler feedwater pumps from the factory free of water. Drain water and blow pumps
dry with compressed air if required to remove all water before shipping.
4, Cover and protect electrical and control devices and open connections.
B. Protect bearings and couplings against damage from sand, grit, and other foreign matter.

C. Comply with manufacturer's written rigging instructions.

PART 2 - PRODUCTS
2.1 PERFORMANCE REQUIREMENTS

A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000
"Quality Requirements," to design equipment bases, vibration isolation, and seismic restraints
for boiler feedwater pumps.

B. Seismic Performance: Boiler feedwater pumps shall withstand the effects of earthquake motions
determined according to ASCE/SEI 7.

1. The term "withstand" means "the boiler feedwater pumps will remain in place without
separation of any parts when subjected to the seismic forces specified and the boiler
feedwater pumps will be fully operational after the seismic event."

2. Component Importance Factor: 1.5.
C. ASME Compliance:

1. Fabricate and label unit receivers of boiler feedwater pumps according to ASME Boiler
and Pressure Vessel Code: Section VI, "Pressure Vessels," Division 1.

2. Factory-installed piping that connects pumps to receivers shall comply with ASME B31.9,
"Building Services Piping."
3. Safety valves and pressure vessels shall bear the appropriate ASME label.

D. Operation Following Loss of Normal Power:

1. Equipment, associated factory- and field-installed controls, and associated electrical
equipment and power supply connected to backup power system shall automatically
return equipment and associated controls to the state in which equipment was operating
immediately before loss of normal power. This shall be accomplished without need for
manual intervention by an operator when power is restored either through a backup
power source or through normal power if restored before backup power is brought on-

line.
2. See Drawings for equipment served by backup power systems.
3. Provide means and methods required to satisfy requirement even if not explicitly
indicated.
E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,

by a qualified testing agency, and marked for intended location and application.
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FEEDWATER UNITS

Manufacturer: Subject to compliance with requirements, provide the product indicated on
Drawings or a comparable product by one of the following:

1. BFS INDUSTRIES
2. CLEAVER BROOKS / FULTON
3. AESYS TECHNOLOGIES

Description: Factory-assembled and -tested unit consisting of a receiver, feedwater pumps,
controls, and the following features and accessories:

1. Liquid-filled industrial thermometer graduated in Fahrenheit and Celsius.

2. Level gage glass, reflex flat type, with stops at top and bottom.

3. Lifting eyes.

4, Companion flanges.

5. Pump, suction and discharge isolation valve, inlet strainer, discharge check valve, and
liquid-filled pressure gage.

6. Makeup Water Assembly: Electric level controller and valve; with inlet strainer and three-
valve bypass.

7. Feedwater Heater: Sparge tube, thermostat, and control valve.

8. Factory-Installed Pipe, NPS 2-1/2 (DN 65) and Smaller: ASTM A 53/A 53M, Type S
(seamless), Grade B; or ASTM A 106/A 106M, Type S, Grade B, Schedule 80; with
threaded joints and fittings.

a. Cast-Iron Threaded Fittings: ASME B16.4; Class 125.
b. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150.
C. Forged-Steel Fittings: ASME B16.11, Class 3000.

d. Malleable-lIron Unions: ASME B16.39; Class 150.
e. Forged-Steel Unions: MSS SP-83, Class 3000.

9. Factory-Installed Pipe, NPS 3 (DN 80) and Larger: ASTM A 53/A 53M, Type E (electric-
resistance welded), Grade B; or ASTM A 106/A 106M, Type S, Grade B, Schedule 80;
with welded joints and carbon-steel fittings and flanges.

a. Wrought-Steel Fittings: ASME B16.9, wall thickness to match adjoining pipe.
b. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5,
Class 150, including bolts, nuts, and gaskets.

10. Pump-discharge bypass with relief valve or orifice plate sized to provide continuous pump
operation with boiler feedwater valve closed.

11.  Threaded connection and provision for chemical injection quill.

12.  Sample cooler.

Receiver:
1. Material: Stainless steel.
2. Additional corrosion protection:
a. 0.13-inch (3.3-mm thickness allowance.
b. Electrolytic corrosion-inhibitor anode.
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7.

Finish: Primer under epoxy topcoat.

Factory-Applied Insulation and Jacket: Minimum thickness of 2 inches (50 mm) for
mineral-fiber pipe and tank insulation. Cover insulation with painted steel jacket.

Mounting Arrangement: Floor mounted.

Mounting Frame: Structural-steel stand to support receiver and pumps. Fabricate stand
with bracing adequate for seismic forces, according to authorities having jurisdiction, and
to allow anchoring mounting frame to floor.

Drain connection with valve.

D. Horizontal Feedwater Pump: Duplex base-mounted, single-stage, radially split-case-design
centrifugal pump; rated for 175-psig (1205-kPa) minimum working pressure and a continuous
water temperature of at least 225 deg F (107 deg C; with the following features:

1. Impeller: Stainless steel.

2. Coupling: Close.

3 Seals: Mechanical.

4. Motor: Open drip proof enclosure. Comply with requirements in Section 230513
"Common Motor Requirements for HYAC Equipment.”

E. Control panel shall be unit mounted and factory wired and shall include the following:

1. NEMA 250, Type 1 enclosure.

2. Single-point field power interface to circuit breaker. Withstanding rating of disconnecting
means shall protect equipment. Coordinate requirements with field electrical power
source.

a. Branch power circuit to each motor and to controls with a disconnect switch or
circuit breaker.

3. NEMA-rated motor controller for each motor, and include a hand-off-auto switch and
overcurrent protection.

a. Alternating controls for multiple-pump units with intermittent operation as indicated
by control sequence.

b. Provide variable-frequency controller with manual bypass and line reactors for
each variable-speed motor.

4. Terminal blocks with numbered and color-coded wiring to match wiring diagram.

5. Wiring outside of an enclosure in a metal raceway. Make connections to motor with
liquidtight conduit.

6. Removable control mounting plate.

7. Visual indication of status and alarm with momentary test push button.

8. Audible alarm and silence switch.

9. Visual indication of elapsed run time, graduated in hours.

10.  Fused control-circuit transformer.

11.  Microprocessor-based controller.

F. Feedwater Multiple-Pump with Intermittent Operation Control Sequence:
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1. Boiler water-level controller starts and stops lead pump to maintain boiler water-level set
point.

Lead and lag pumps alternate after each start to equalize run time.

Lead pump failure automatically starts lag pump if lead pump cannot maintain set point.
Visual indication of pump on and off status.

Visual indication of pump lead/lag status.

Visual and audible alarm indication of pump failure.

oA WN

Feedwater Multiple-Pump with Continuous Operation Control Sequence:

1. Pump runs continuously while boiler operates. Electric interlock with boiler control starts
lead pump when boiler starts.

2. Boiler water-level controller modulates feedwater control valve to maintain boiler water-
level set point. Valve closes when boiler is off.

3. Lead and lag pumps alternate after each start to equalize run time.

4, Lead pump failure automatically starts lag pump.

5. Feedwater pressure controller starts and stops lag pump to maintain feedwater pressure
set point.

6. Feedwater pressure controller controls operating feedwater pump(s) speed and starts
and stops lag pump(s) to maintain feedwater pressure set point.

7. Visual indication of pump on and off status.

8. Visual indication of pump lead/lag status.

9. Visual and audible alarm indication of pump failure.

Receiver Makeup Water Control Sequence:

1. Electric level controller operates electric control valve to maintain receiver water-level set
point.

2. Mechanical float operates integral valve to maintain water-level set point.

3. Visual and audible alarm indication of low and high receiver-water level.

Control System Interface: Factory install hardware to enable remote monitoring.

1. Hardwired Monitoring Points: On/off status for each pump, failure alarm for each
pump, receiver low-water-level alarm, receiver high-water-level alarm, feedwater
temperature.

SOURCE QUALITY CONTROL

Factory Tests: Test performance and submit test results on packaged boiler feedwater pump
units, according to ASME PTC 12.1, before shipping to Project.

Witness Testing:

1. Allow Owner access to witness source quality-control testing.
2. Notify Architect 15 days in advance of testing.
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PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine conditions for compliance with requirements for installation tolerances and other
conditions affecting feedwater unit performance, maintenance, and operations.

1. Boiler feedwater pump unit locations indicated on Drawings are approximate. Determine
exact locations before roughing-in for piping, control, and electrical connections.

B. Examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, and piping
to verify actual locations of piping connections before installation of boiler feedwater pumps.

C. Examine areas for suitable conditions where boiler feedwater pumps will be installed.

D. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION

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

B. Equipment Mounting:

1. Install feedwater units on cast-in-place concrete equipment base(s). Comply with
requirements for equipment bases and foundations specified in Section 033053
"Miscellaneous Cast-in-Place Concrete."

C. Install unit to permit access for maintenance.

D. Support piping independent of equipment.

E. Install parts and accessories shipped loose.

F. Install control and electrical devices furnished with units that are not factory mounted.

G. Install control and power wiring to field-mounted control and electrical devices furnished with
units that are not factory installed.

H. Protect units from corrosion.

1. Before filling with water, protect by dry storage method recommended by manufacturer.
2. After filled with water, protect by wet storage method recommended by manufacturer.

l. Chemical Treatment: Quality of water in units shall be maintained by a professional water
treatment organization that shall provide on-site supervision to maintain the required water
quality during periods of storage, operating, standby, and test conditions. Comply with
requirements in Section 232500 "HVAC Water Treatment for additional requirements.
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3.3 PIPING CONNECTIONS

A. Comply with requirements for piping specified in Section 232213 "Steam and Condensate
Heating Piping and specialties". Drawings indicate general arrangement of piping, fittings, and
specialties.

B. Where installing piping adjacent to boiler feedwater pumps, allow space for service and
maintenance.

C. Connect makeup water piping and cooling-water piping with reduced-pressure backflow
preventers.

D. Install overflow drain piping to nearest floor drain.

E. Install piping from unit drain connections and extend to nearest floor drain. Piping shall be at
least full size of connection. Provide an isolation if required.

F. Install vents and extend to outdoors; terminate with elbow turned down and an insect screen.

G. Hot equipment drains connected to sanitary drainage system shall be cooled before discharging
into the system if required to comply with more stringent of governing code requirements and
requirements indicated.

1. Provide a temperature-controlled, non-potable, domestic cold water source to cool hot
equipment drains to deliver a discharge temperature of 120 deg F.

H. Connect chemical treatment piping to each boiler feedwater pump unit chemical treatment

connection with check valve and isolation valve.
3.4 ELECTRICAL POWER CONNECTIONS

A. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and
Cables."

B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical
Systems."

3.5 CONTROLS CONNECTIONS

A. Install control and electrical power wiring to field-mounted control devices.

B. Connect control wiring between boiler feedwater pump units and other equipment to interlock
operation as required to provide a complete and functioning system.

C. Connect control wiring between boiler feedwater pump unit control interface and control system
to provide remote monitoring.

3.6 FIELD QUALITY CONTROL

A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
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3.8

3.9

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

Perform the following tests and inspections with the assistance of a factory-authorized service
representative:

1. Inspect field-assembled components, equipment installation, and piping and electrical
connections for compliance with manufacturer's written instructions.

2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and

equipment.

Check bearing lubrication.

Verify proper motor rotation.

Startup service.

Report results in writing.

oohsw

Boiler feedwater pump will be considered defective if it does not pass tests and inspections.

Prepare test and inspection reports.

ADJUSTING
Adjust boiler water-level controls to properly stage unit.

Set field-adjustable controls.

CLEANING

Clean equipment internally; remove coatings applied for protection during shipping and storage,
foreign material, and oily residue according to manufacturer's written instructions. Following
cleaning procedures, unit shall be washed and flushed until water leaving unit is clear.

Clean strainers.

DEMONSTRATION

Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain boiler feedwater units.

Video training sessions, and provide electronic copy of video to Owner.

END OF SECTION 235313
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SECTION 235750 - BREECHING, CHIMNEYS, AND STACKS

PART 1 - GENERAL

1.1 GENERAL
A. The General Provision of the Contract, including General and Supplementary General

B. Conditions and Division 1 General Requirements, apply to the work specified in this
Section.

1.2 SUMMARY
A. This Section includes the following:

Listed chimney liners.

Listed special gas vents.

Listed B-vents.

Listed double-wall vents.

Field-fabricated metal breechings.

Insulation for field-fabricated metal breechings.

ogkwnpE

1.3 SUBMITTALS
A. Product Data: For the following:
1. Building-heating-appliance chimneys.

B. Shop Drawings: For vents, breechings, chimneys, and stacks. Include plans,
elevations, sections, details, and attachments to other work.

1. Detail equipment assemblies and indicate dimensions, weights, loads, required
clearances, methods of field assembly, components, hangers and seismic
restraints, and location and size of each field connection.

2. Contractor shall be required to submit breeching layout drawings for the
Engineer's approval.

3. Computer software calculations for sizing vents, breeching, chimneys, and stacks
shall be required as part of the shop drawing submittal.

4, Metal content for both interior and exterior liners and insulation must be clearly
identified.

5. Breeching shall meet the required Type and Category of breeching as required
by the boiler (or applicable equipment) manufacturer.

6. Contractor shall utilize two 45° elbows to sweep all turs. To eliminate dead
ends and to achieve proper airflow, 90° elbows or tees shall not be acceptable.

7. Breeching components shall include but not be limited to adapter flanges, tees,

elbows, clean-outs, drain caps, band joiners, high temperature sealant, roof
flashing, and rain cap (or finishing cone) as required to make a full breeching

system.
8. Where prefabricated breeching is specified, unbranded or field fabricated
breeching shall not be acceptable.
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C. Warranty: Special warranty specified in this Section.

1.4 QUALITY ASSURANCE

A. Source Limitations: Obtain listed system components through one source from a single
manufacturer.

B. Welding: Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural
Welding Code--Steel," for hangers and supports and AWS D9.1/D9.1M, "Sheet Metal
Welding Code," for shop and field welding of joints and seams in vents, breechings, and
stacks.

C. Certified Sizing Calculations:  Manufacturer shall certify venting system sizing
calculations.

D. International Fuel Gas Code - Installation: Vent systems shall be sized, installed and
terminated in accordance with the vent (chimney/flue) and appliance (boiler or domestic
hot water heater) manufacturer's installation instructions and Section 503 (Venting of
Equipment).

E. International Mechanical Code (Qil) - Installation: Vent systems shall be sized, installed
and terminated in accordance with the vent (chimney/flue) and appliance (boiler or
domestic hot water heater) manufacturer's installation instructions.

1.5 COORDINATION

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

B. Coordinate installation of roof curbs, equipment supports, and roof penetrations. These
items are specified in Division 07 Section “Roof Accessories.”
1.6 WARRANTY
A. Special Warranty: Manufacturer's standard form in which manufacturer agrees to repair
or replace components of venting system that fail in materials or workmanship within
specified warranty period. Failures include, but are not limited to, structural failures

caused by expansion and contraction.

1. Warranty Period: ten years from date of Substantial Completion.

1.7 RELATED WORK
A. Section 235217 — Condensing Hot Water Boilers

B. Section 235223 — Cast Iron Steam Boilers

1.8 REFERENCES

A. The following references apply to the extent noted herein:
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ASTM A25 — Zinc Coating

ASTM A527 — Galvanized Sheet Steel

ASTM A569 — Carbon Steel

NFPA 37 — Combustion Engines and Gas Turbines

NFPA 54 — National Fuel Gas Code

NFPA 211 — Standards for Chimneys, Fireplaces, Vents and Solid Fuel Burning
Appliances

UL 103 — Standard for Factory Built chimneys

UL 441 — Gas Vents

UL 1738 — Standard for Safety Venting Systems for Gas Burning Appliances

SMACNA — Duct Construction Standards

UL 1777 — Chimney Liners

ogakwnpE
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1.9 INSTALLATION

A. The entire installation shall comply with National Safety Standards and all building
codes when installed.

PART 2 - PRODUCTS

2.1 ACCEPTABLE MANUFACTURER

A. The system shall be as supplied by Security Chimneys International Ltd. or approved
equal by Heat-Fab, Metal Fab, Selkirk, Cleaver Brooks Exhaust Solution, as follows:

1. Insulated Double Wall Positive Pressure Chimney System (CIX)
2. (CTX, CTXD)
3. On-site Fabrication, Chimney Liners (CT)

2.2 DOUBLE WALL INSULATED POSITIVE PRESSURE CHIMNEY ((CIX)

A. The insulated breeching system components, supports and terminations shall be the
product of one manufacturer, shall be fully factory fabricated and shall be laboratory
tested and listed by Intertek Testing Services (Warnock Hersey) for use with building
heating equipment, burning gas or liquid fuels, as described in NFPA 211, Chapter 2.

B. The breeching system shall be ITS (Warnock Hersey) tested and listed as a breeching
and chimney system suitable for 60" w.c. positive pressure, based upon compliance
with the construction requirements and “Positive Pressure Applications Test” protocol
described in Paragraph 9, 7 and Section 22 A respectively, of the Standard for Factory

C. Built Breeching, ANSI/UL 103. Compliance with such standards/specifications shall be
confirmed by a statement on the safety certification label attached to the product,
indicating “Suitable” for positive pressure venting applications with maximum 60" water
column internal static pressure at 1000° F continuous, 1400° F intermittent.

D. The complete breeching system shall be fabricated as follows:

1. Inner wall — 0.035” type 304 or 316 SS for all diameters
a. Use 304 SS for gas and #2 fuel oil
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b. Use 316 SS for all other fuels

2. Outer wall —
a. 5”through 24" diameter 0.020” galvalume (Alu-Zinc) steel
b. 26" through 36" diameter 0.024” galvalume (Alu-Zinc) steel
c. Atl. Material — 304 or 316 stainless steel

3. Insulation — 2” 8 PFC mineral wool between inner and outer wall
4. From outer diameter 1" minimum air gap to combustibles for sizes 5" to 36"

E. The complete breeching system, from appliance outlet to chimney, shall be designed to
eliminate on-site welding through the use of a flanged male and female coupling
configuration and by incorporating a type “v” locking band. The fastening of all locking
bands shall be accomplished through the use of captive nuts and bolts to provide ease
of locking. The chimney joints shall be field sealed using SCIL, model S-650 silicone
sealant or equal. The system, when sealed, shall maintain airtight integrity at pressures
up to 60" of water column at room temperature.

F. The inner pipe and outer jacket shall be joined at the factory and shipped as a factory
assembled unit to ensure ease of installation and product uniformity. A system where
the outer jacket is attached during field installation is not acceptable.

G. Thermal expansion shall be compensated for through the use of manufacturer supplied
insulated expansion joints.

H. The breeching shall be guaranteed by the manufacturer to be free from defects due to
faulty material or workmanship for a period of 15 years minimum. Terms and conditions
for the guarantee shall be as stated in the manufacturer's standard guarantee which
must be included with submittal drawings.

l. Detailed manufacturer's submittal drawings shall be provided for approval prior to
manufacture or installation of the breeching system.

J. The manufacturer’s representative organization shall provide on-site instructions and
technical support services, as required, prior to and during installation of the breeching
system. A sign-off is required. Upon completion of the installation, the manufacturer’s
representative organization shall certify, in writing, to the Engineer that the breeching
system has been installed properly and in accordance with the manufacturer's
installation instructions.

K. The complete breeching system, from appliance outlet to chimney, shall be designed to
eliminate on-site welding through the use of a built-in mechanical locking band and a
gasket. The system, when sealed, shall maintain airtight integrity at pressures up to 15"
of water column and be listed for an internal static pressure of 6” of water column at
550° F.

2.3 ON-SITE FABRICATION — BY OTHERS

A. Fabricate of ASTM A569 carbon steel. Fabricate breechings less than 24" diameter of
ASTM A527 galvanized sheet steel, lock forming quality with ANSI/ASTM A525 (G90)
(G165) zinc coating.
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B. Fabricate breechings from following minimum gauges. Refer to SMACNA HVAC Duct
Construction Standards — Metal and Flexible.

Sizes up to 12": 18 gauge (0.0478")
Sizes 13"to 24”: 16 gauge (0.0625")
Sizes 25" to 36": 14 gauge (0.0800")
Sizes 37”to 60" 12 gauge (0.1055")
Sizes over 60": 10 gauge (0.1345")

Ok wnpE

C. Provide adjustable self-actuating barometric draft dampers, where indicated, full size of
breeching.

D. Provide cleanout doors of same gauge as breeching, where indicated on drawings.

E. Weld longitudinal seams. Fabricate joints by welding, tapping and bolting or with
companion flanges. For breechings less than 24" diameter provide groove seam (pipe
lock or flat lock) with end joints beaded and crimped.

F. Reinforce rectangular breeching with angle frames and round breeching with flanged
girth joints or angle frames. Refer to SMACNA HVAC Duct Construction Standards —
Metal and Flexible.

Sizes up to 30”: No reinforcing required

Sizes 31"t0 36" 1 %" x 1 %" x 3/16, at 60" centers
Sizes 37"t0 60" 2" x 2" x ¥4", at 60" centers

Sizes over 60™: 3" x 3" x ¥2", at 60" centers

PonpE

G. Fabricate breeching fittings to match adjoining breechings. Fabricate elbows with
center-line radius equal to breeching (width) (diameter). Limit angular tapers 20°
maximum.

2.4 CHIMNEY LINER (for oil and gas) (CT)

A. The chimney liner breeching system components, supports and terminations shall be
the product of one manufacturer, shall be fully factory fabricated, shall be laboratory
tested and listed by Underwriters Laboratories, Inc. for use with building heating
equipment, burning gas or liquid fuels, as described in NFPA 211 Chapter 2.

B. The chimney liner breeching system shall be Underwriters Laboratories, Inc. tested and
listed based upon compliance with the UL-1777 standard.

C. The complete breeching system shall be fabricated with 0.024” type 316 SS for 4.5” to
10” diameter, 0.032” for 12" to 18” and 0.040” for 20” to 24" diameter.

D. The complete breeching system, from appliance outlet to chimney, shall be designed to
eliminate on—site welding through the use of a 3” overlap and locking band. The pipe
joints shall be field sealed using SCIL ceramic-fibre, S-650 or S-2000 sealant.

E. The breeching shall be guaranteed by the manufacturer to be free from defects due to
faulty material or workmanship for a period of ten (10) years minimum. Terms and
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conditions for the guarantee shall be as stated in the manufacturer's standard
guarantee which must be included with submittal drawings.

F. Detailed manufacturer's submittal drawings shall be provided for approval prior to
manufacture or installation of the breeching system.

G. The manufacturer’s representative organization shall provide on-site instructions and
technical support services, as required, prior to and during installation of the breeching
system. A sign-off sheet is required. Upon completion of the installation, the
manufacturer’s representative organization shall certify, in writing, to the Engineer that
the breeching system has been installed properly and in accordance with the
manufacturer’s installation instructions.

25 FORCED DRAFT

A. For forced draft requirements, see boiler room drawing.

2.6 OUTER JACKET INSULATION

A. Outer jacket insulation, if shown on the drawing, shall be in accordance with Section
232800 Paragraph 2.01, Part M, see attached section.

PART 3 - EXECUTION

3.1 EXAMINATION

A. Examine areas and conditions for compliance with requirements for installation
tolerances and other conditions affecting performance of work.

1. Proceed with installation only after unsatisfactory conditions have been
corrected.
3.2 APPLICATION

A. Listed Chimney Liners: High-efficiency and/or condensing boiler vents in masonry
chimney.

w

Listed Special Gas, Double-Wall Vents: Condensing gas boilers and appliances.

C. Listed Type B Vents: Vents for certified gas appliances.

D. Listed Insulated Positive Pressure, Double-Wall Vents: Non-condensing gas-fired
appliances/boilers or boilers with dual-fuel burners (gas and #2 fuel olil).
E. Field-Fabricated Metal Breechings: Dual-fuel boilers, exhaust for engines (emergency
generators).
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3.3 INSTALLATION OF LISTED VENTS AND CHIMNEYS
A. Locate to comply with minimum clearances from combustibles and minimum
termination heights according to product listing or NFPA 211, whichever is most
stringent.

B. Seal between sections of positive-pressure vents according to manufacturer's written
installation instructions, using sealants recommended by manufacturer.

C. Support vents at intervals recommended by manufacturer to support weight of vents
and all accessories, without exceeding appliance loading.

D. Slope breechings down in direction of appliance, with condensate drain connection
where shown on drawings.

E. Lap joints in direction of flow.

F. Connect base section to foundation using anchor lugs of size and number
recommended by manufacturer.

G. Join sections with acid-resistant joint cement to provide continuous joint and smooth
interior finish.

H. Erect stacks plumb to finished tolerance of no more than 1 inch out of plumb from top to
bottom.
3.4 INSTALLATION OF UNLISTED, FIELD-FABRICATED BREECHINGS
A. Suspend breechings independent of their appliance connections.

B. Align breechings at connections, with smooth internal surface and a maximum 1/8-inch
misalignment tolerance.

C. Slope breechings down in direction of appliance, with condensate drain connection at
lowest point piped to nearest drain.

D. Lap joints in direction of flow.

E. Support breechings from building structure with bolts, concrete inserts, steel expansion
anchors, welded studs, C clamps, or beam clamps according to manufacturer's written
instructions.

3.5 CLEANING

A. After completing system installation, including outlet fittings and devices, inspect
exposed finish. Remove burrs, dirt, and construction debris and repair damaged
finishes.

B. Clean breechings internally, during and after installation, to remove dust and debris.
Clean external surfaces to remove welding slag and mill film. Grind welds smooth and
apply touchup finish to match factory or shop finish.
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C. Provide temporary closures at ends of breechings, chimneys, and stacks that are not
completed or connected to equipment.

3.6 INSTALLATION - GENERAL

A. The manufacturer's representation organization shall provide on-site instructions and
technical support services, as required, prior to and during installation of the breeching
system. Upon completion of the installation, the manufacturer's representative
organization shall certify, in writing, to the Engineer that the breeching system has been
installed properly and in accordance with the manufacturer’s installation instructions.

B. The breeching system shall comply with National Safety Standards and all building
codes when installed according to the manufacturer’s instructions.

END OF SECTION 235750
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SECTION 283501 — NATURAL GAS & CO GAS DETECTION AND ALARM

PART 1 - GENERAL

11

A.

1.2

A.

13

A.

B.

1.4

A.

RELATED DOCUMENTS

Drawings and general provisions of the Contract, including General and Supplementary

Conditions and Division 01 Specification Sections, apply to this Section.

SUMMARY

This Section includes CO (carbon monoxide) and Methane (natural gas) monitors and

notification appliances.

ACTION SUBMITTALS

Product Data:

1. For each type of monitor, include sensing range in ppm, temperature and humidity range,
alarm outputs, display range, furnished specialties, installation requirements, and electric
power requirement.

Shop Drawings:

1. Wiring Diagrams: Power, signal, and control wiring.

2. Locations of the specific sensors and alarm panel location

MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials described below that match products installed and that are packaged
with protective covering for storage and identified with labels describing contents.

1. One calibration kit including clean air calibration gas bottle for zero calibration and
specific calibration gas for span calibration, minimum 58-L capacity, pressure regulator,
and tubing.

PART 2 - PRODUCTS

2.1 Manufacturers: Subject to compliance with requirements, provide products by the following:
A. Mine Safety Appliances Company or equal.
2.2 Z GARD CONTROLLER
A. Provide a standalone CO/LELcontroller as shown on the plans. The controller shall be housed
in a NEMA 1 Painted steel enclosure.  Operating range shall be from —20 degrees F to 122
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degrees F. Units that are not capable of these temperature limits shall be provided with a
method of auxiliary heat and fans as required to maintain the required ambient conditions.

B. Controller shall accept 110 Vac, direct to the controller, internal step down transformers shall be
provided to power up to the field mounted CO and LEL sensors. System shall be UL and or
CSA listed to accommodate controller and step down transformer in one panel. If alternate
system requires mounting of more than 1 panel the manufacturer shall include all costs required
for additional field wiring to accommodate this task.

C. The Controller shall be connected via a 4 wire field bus to remotely mounted Z Gard sensors
that are automatically recognized and establishes the sensors range and gas type. The
sensors shall be linked by a RS485 network communication system. The controller shall
continuously monitor the sensors for excessive levels of the Specified target gases and provide
the necessary notification controls in the event that the gas levels rise above the preset limits.

D. The controller shall manage the Z Gard S sensor inputs on the RS485 Serial communications
network. The controller shall provide minimum of 8 relays that can be used to start fans and
open OA Louvers. Upon sensing the concentration of target gas at levels equivalent to the
warning or alarm set point the relay contact(s) shall energize signaling the event.

E. The controller shall have a programmable Off time delay function that is adjustable from 0 — 600
seconds. The warning and alarm relay shall deactivate from 0-600 seconds after the warning or
alarm occurrence has abated.

F. The controller shall have the capability of providing a full scale, 2 wire 4 to 20 ma sourcing
analog output that is representative of the highest concentration level of any zone of sensors on
the network. This output shall be able to communicate with the BAS system.

G.  The Controller shall have a local Readout display indicating the active Sensor Point number, the
corresponding gas concentration level and gas type, Warning and Alarm indication, Zone
number, number of Sensors, Voting and Diagnostic status of the system. The display will scan
through all active channels in 5 second intervals. The readout display will visible from a
minimum of 5 feet and will be present always, and will not require being turned on or off.

H. The Controller shall have a LCD Readout for the purpose of displaying the Diagnostic Status of
the system and associated Sensors. The User Interface Keypad of 16 items to access the
menu driven operating parameters located inside the front door of the enclosure. All setup
parameters shall be accessed using the keypad.

l. The controller shall include 4 Common LEDs to indicate Sensor Okay, Warning, Alarm and
Sensor Fail status.

J. This Controller shall include a local mounted Audible Alarm rated @ 90 dB with push-button
reset switch. The pushbutton reset switch shall silence and reset the Audible Alarm when alarm
points are exceeded. The Common LED visual alarms will remain on as long as any Warning or
Alarm levels are exceeded. This push-button will reset latched alarms if normal gas conditions
exist. A horn relay shall be included to facilitate control of a remote alarm reset pushbutton.

K. Warning and Alarm Set Point Levels - The controller shall provide 4 relays for control of the wall
mounted exhaust fans and outdoor intake louvers. Provide manual 3 hour override timers for
each relay. Timers shall be labelled to the system served.

L. The controller shall provide a normally energized Sensor Fail Relay. If a loss of communication
occurs between the Controller and remote Sensor Transmitter the Sensor Fail Relay will be
activated and the Sensor Okay LED located on the Controller door will turn off.
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2.3

2.4

2.5

All Warning, Alarm and Sensor Fail Relays shall be shall be Form C, single pole, double throw.
Contacts shall be rated for 10 Amps 1/8 HP @ 125VAC, 5 amps resistive at 250VAC or 30VDC.

The contacts shall be capable of being selected normally open or nhormally closed.

The control panel must be a MSA Z Gard CX controller or engineer approved equal by General
Monitors or Mil Ram.

Optional remote relay panel shall be available for remote fans operation

BACnet interface shall be included for communications to the BMS system

Z-GARD CO AND LEL SENSORS

Provide as shown on the plans Carbon monoxide and LEL sensors. Sensors have been
located for radius coverage and points of egress. Locations as shown on the plans shall not be
modified by the manufacturer.

Sensors housing shall be NEMA 4 enclosure with plastic cover. Sensors shall utilize electro
chemical technology. Accuracy of the sensors shall not be less than +2% of Full Scale with no
requirement of periodic addition of reagents. Solid State Sensors shall not be acceptable

When used with the Z Gard C Controller: The RS 485 Network communication wiring from the
Sensor to the Z Gard C Controller shall be a shielded 4-wire cable of sufficient gage to meet
distance requirements of the Z Gard RS 485 Network Communication. The Sensor Transmitter
terminal strips shall be removable for ease of wiring and accept up to 10 GA AWG wire.

The Sensor electronics shall consist of dual PCB that is microprocessor-based computer-aided
and factory-calibrated for the target gas compounds with compensation for ambient humidity
and temperature and linearized signal output. The PCB includes all the components required to
power, operate the sensor, make calibration adjustments and set the network address jumpers
when used in the Z Gard Communication network. The single PCB shall be mounted to the
enclosure using industry standard hardware.

CO sensors shall be located at 5° AFF

LEL sensors shall be located 12“ below the roof Line

MONITOR ALARM SEQUENCE

The MSA Control panel will constantly Poll the CO and LEL sensors located in the Boiler Room
Upon increase in CO levels above 25 PPM or LEL levels above 10% LEL the alarm shall sound.

If the CO increase above 35 PPM or the LEL increase above 35% LEL the 2nd alarm contact
shall close and the boilers shall be checked to ensure they are working properly.
NOTIFICATION APPLIANCES

Horns: Comply with UL 464; electric-vibrating-polarized type, listed by a qualified testing

agency with provision for housing the operating mechanism behind a grille. Horns shall
produce a sound-pressure level of 90 dBA, measured 10 feet (3 m) from the horn.

NATURAL GAS & CO GAS DETEC- PROJECT #3360 283501 -3
TION AND ALARM JUNE 12, 2018



B.

Visible Alarm Devices: Comply with UL 1971; three color xenon strobe lights, with clear or
nominal white polycarbonate lens mounted on an aluminum faceplate. The words "GAS
DETECTION" printed in minimum 1/2-inch- high letters on the lens. Rated light output is 75
candela.

PART 3 - EXECUTION

3.1 INSTALLATION
A. Audible Alarm-Indicating Devices: Install at each entry door to, mechanical equipment room,
and position not less than 6 inches (150 mm) below the ceiling. Install horns on flush-mounted
back boxes with the device-operating mechanism concealed behind a grille.
B. Visible Alarm-Indicating Devices: Install adjacent to each alarm horn at each entry door to
mechanical equipment room. Install in accordance with manufacturers recommendations.
3.2 FIELD QUALITY CONTROL
A. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect,
test, and adjust components, assemblies, and equipment installations, including connections.
Report results in writing.
B. Perform tests and inspections and prepare test reports.

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

C. Tests and Inspections:

1. Inspect field-assembled components, equipment installation, and electrical connections
for compliance with requirements.

2. Test and adjust controls and safeties.

3. Test Reports: Prepare a written report to record the following:

a. Test procedures used.
b. Test results that comply with requirements.
C. Test results that do not comply with requirements and corrective action taken to
achieve compliance with requirements.
D. Repair or replace malfunctioning units and retest as specified above.
3.3 DEMONSTRATION
A. Engage a factory-authorized service representative to train Owner's maintenance personnel to
adjust, operate, and maintain detection devices.
END OF SECTION 283501
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SECTION 26 00 10 - SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL

PART 1 - GENERAL

11 SUMMARY

A. Section Includes:

1.

Supplemental requirements generally applicable to the Work specified in Division
26. This Section is also referenced by related Work specified in other Divisions.

1.2 REFERENCES

A.  Abbreviations and Acronyms for Electrical Terms and Units of Measure:

1. 8P8C: An 8-position 8-contact modular jack.

2. A: Ampere, unit of electrical current.

3.  AC or ac: Alternating current.

4.  AFCI: Arc-fault circuit interrupter.

5.  AIC: Ampere interrupting capacity.

6. AL, Al, or ALUM: Aluminum.

7.  ASD: Adjustable-speed drive.

8.  ATS: Automatic transfer switch.

9. AWG: American wire gauge; see ASTM B258.

10. BAS: Building automation system.

11. BIL: Basic impulse insulation level.

12. BIM: Building information modeling.

13. CAD: Computer-aided design or drafting.

14. CATV: Community antenna television.

15. CB: Circuit breaker.

16. cd: Candela, the SI fundamental unit of luminous intensity.

17. CO/ALR: Copper-aluminum, revised.

18. COPS: Critical operations power system.

19. CU or Cu: Copper.

20. CU-AL or AL-CU: Copper-aluminum.

21. dB: Decibel, a unitless logarithmic ratio of two electrical, acoustical, or optical
power values.

22. dB(A-weighted) or dB(A): Decibel acoustical sound pressure level with A-
weighting applied in accordance with IEC 61672-1.

23. dB(adjusted) or dBa: Decibel weighted absolute noise power with respect to 3.16
pW (minus 85 dBm).

24. dBm: Decibel absolute power with respect to 1 mW.

25. DC or dc: Direct current.

26. DCOA: Designated critical operations area.

27. DDC: Direct digital control (HVAC).

28. EGC: Equipment grounding conductor.

29. ELV: Extra-low voltage.
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30. EMF: Electromotive force.

31. EMI: Electromagnetic interference.

32. EPM: Electrical preventive maintenance.

33. EPS: Emergency power supply.

34. EPSS: Emergency power supply system.

35. ESS: Energy storage system.

36. EV: Electric vehicle.

37. EVPE: Electric vehicle power export equipment.

38. EVSE: Electric vehicle supply equipment.

39. fc: Footcandle, an internationally recognized unit of iluminance equal to one
lumen per square foot or 10.76 Ix. The simplified conversion 1 fc = 10 Ix in the
Specifications is common practice and considered adequate precision for
building construction activities. When there are conflicts, lux is the primary unit;
footcandle is specified for convenience.

40. FLC: Full-load current.

41. ft: Foot.

42. ft-cd: Foot-candle, the antiquated U.S. Standard unit of illuminance, equal to one
international candle measured at a distance of one foot, that was superseded in
1948 by the unit "footcandle” after the Sl unit candela (cd) replaced the
international candle; see "fc,"

43. GEC: Grounding electrode conductor.

44. GFCI: Ground-fault circuit interrupter.

45. GFPE: Ground-fault protection of equipment.

46. GND: Ground.

47. HACR: Heating, air conditioning, and refrigeration.

48. HDPE: High-density polyethylene.

49. HID: High-intensity discharge.

50. HP or hp: Horsepower.

51. HVAC: Heating, ventilating, and air conditioning.

52. Hz: Hertz.

53. IBT: Intersystem bonding termination.

54. inch: Inch. To avoid confusion, the abbreviation "in." is not used.

55. IP: Ingress protection rating (enclosures); Internet protocol (communications).

56. IR: Infrared.

57. 1S Intrinsically safe.

58. IT&R: Inspecting, testing, and repair.

59. ITE: Information technology equipment.

60. KAIC: Kiloampere interrupting capacity.

61. kcmil or MCM: One thousand circular mils.

62. kV: Kilovolt.

63. KkVA: Kilovolt-ampere.

64. KkVAr or kVAR: Kilovolt-ampere reactive.

65. KkW: Kilowatt.

66. kWh: Kilowatt-hour.

67. LAN: Local area network.

68. Ib: Pound (weight).

69. Ibf: Pound (force).

70. LCD: Liquid-crystal display.

71. LCDI: Leakage-current detector-interrupter.

72. LED: Light-emitting diode.

73. Li-ion: Lithium-ion.
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74. Im: Lumen, the Sl derived unit of luminous flux.

75. LNG: Liquefied natural gas.

76. LP-Gas: Liquefied petroleum gas.

77. LRC: Locked-rotor current.

78. LV:Low voltage.

79. Ix: Lux, the Sl derived unit of illuminance equal to one lumen per square meter.

80. m: Meter.

81. MCC: Motor-control center.

82. MDC: Modular data center.

83. MG set: Motor-generator set.

84. MIDI: Musical instrument digital interface.

85. MLO: Main lugs only.

86. MV: Medium voltage.

87. MVA: Megavolt-ampere.

88. mW: Milliwatt.

89. MW: Megawaitt.

90. MWh: Megawatt-hour.

91. NC: Normally closed.

92. Ni-Cd: Nickel-cadmium.

93. Ni-MH: Nickel-metal hydride.

94. NIU: Network interface unit.

95. NO: Normally open.

96. NPT: National (American) standard pipe taper.

97. OCPD: Overcurrent protective device.

98. ONT: Optical network terminal.

99. PC: Personal computer.

100. PCS: Power conversion system.

101. PCU: Power-conditioning unit.

102. PF or pf: Power factor.

103. PHEV: Plug-in hybrid electric vehicle.

104. PLC: Programmable logic controller.

105. PLFA: Power-limited fire alarm.

106. PoE: Power over Ethernet.

107. PV: Photovoltaic.

108. PVC: Polyvinyl chloride.

109. pW: Picowatt.

110. RFI: (electrical) Radio-frequency interference; (contract) Request for
interpretation.

111. RMS or rms: Root-mean-square.

112. RPM or rpm: Revolutions per minute.

113. SCADA: Supervisory control and data acquisition.

114. SCR: Silicon-controlled rectifier.

115. SPD: Surge protective device.

116. sq.: Square.

117. SWD: Switching duty.

118. TCP/IP: Transmission control protocol/Internet protocol.

119. TEFC: Totally enclosed fan-cooled.

120. TR: Tamper resistant.

121. TVSS: Transient voltage surge suppressor.

122. UL: (standards) Underwriters Laboratories, Inc.; (product categories) UL, LLC.

123. UL CCN: UL Category Control Number.

SUPPLEMENTAL REQUIREMENTS FOR 260010 - 3
ELECTRICAL



124. UPS: Uninterruptible power supply.

125. USB: Universal serial bus.

126. UV: Ultraviolet.

127. V: Volt, unit of electromotive force.

128. V(ac): Volt, alternating current.

129. V(dc): Volt, direct current.

130. VA: Volt-ampere, unit of complex electrical power.

131. VAR: Volt-ampere reactive, unit of reactive electrical power.

132. VFC: Variable-frequency controller.

133. VOM: Volt-ohm-multimeter.

134. VPN: Virtual private network.

135. VRLA: Valve regulated lead acid; also called "sealed lead acid (SLA)" or "valve
regulated sealed lead acid."

136. W: Waitt, unit of real electrical power.

137. Wh: Watt-hour, unit of electrical energy usage.

138. WPT: Wireless power transfer.

139. WPTE: Wireless power transfer equipment.

140. WR: Weather resistant.

B.  Abbreviations and Acronyms for Electrical Raceway Types:

EMT: Electrical metallic tubing.

EMT-A: Aluminum electrical metallic tubing.

EMT-S: Steel electrical metallic tubing.

EMT-SS: Stainless steel electrical metallic tubing.

ENT: Electrical nonmetallic tubing.

EPEC: Electrical HDPE underground conduit (thin wall).
EPEC-A: Type A electrical HDPE underground conduit.
EPEC-B: Type B electrical HDPE underground conduit.
ERMC: Electrical rigid metal conduit.

10. ERMC-A: Aluminum electrical rigid metal conduit.

11. ERMC-S: Steel electrical rigid metal conduit.

12. ERMC-S-G: Galvanized-steel electrical rigid metal conduit.

13. ERMC-S-PVC: PVC-coated-steel electrical rigid metal conduit.
14. ERMC-SS: Stainless steel electrical rigid metal conduit.

15. FMC: Flexible metal conduit.

16. FMC-A: Aluminum flexible metal conduit.

17. FMC-S: Steel flexible metal conduit.

18. FMT: Steel flexible metallic tubing.

19. FNMC: Flexible nonmetallic conduit. See "LFNC."

20. HDPE: HDPE underground conduit (thick wall).

21. HDPE-40: Schedule 40 HDPE underground conduit.

22. HDPE-80: Schedule 80 HDPE underground conduit.

23. IMC: Steel electrical intermediate metal conduit.

24. LFMC: Liquidtight flexible metal conduit.

25. LFMC-A: Aluminum liquidtight flexible metal conduit.

26. LFMC-S: Steel liquidtight flexible metal conduit.

27. LFMC-SS: Stainless steel liquidtight flexible metal conduit.

28. LFNC: Liquidtight flexible nonmetallic conduit.

29. LFNC-A: Layered (Type A) liquidtight flexible nonmetallic conduit.
30. LFNC-B: Integral (Type B) liquidtight flexible nonmetallic conduit.

OCeNoogrwNE
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31.

LFNC-C: Corrugated (Type C) liquidtight flexible nonmetallic conduit.

32. PVC: Rigid PVC conduit.

33. PVC-40: Schedule 40 rigid PVC conduit.

34. PVC-80: Schedule 80 rigid PVC Conduit.

35. PVC-A: Type A rigid PVC concrete-encased conduit.

36. PVC-EB: Type EB rigid PVC concrete-encased underground conduit.

37. RGS: See ERMC-S-G.

38. RMC: See ERMC.

39. RTRC: Reinforced thermosetting resin conduit.

40. RTRC-AG: Low-halogen, aboveground reinforced thermosetting resin conduit.

41. RTRC-AG-HW: Heavy wall, low-halogen, aboveground reinforced thermosetting
resin conduit.

42. RTRC-AG-SW: Standard wall, low-halogen, aboveground reinforced
thermosetting resin conduit.

43. RTRC-AG-XW: Extra heavy wall, low-halogen, aboveground reinforced
thermosetting resin conduit.

44. RTRC-BG: Low-halogen, belowground reinforced thermosetting resin conduit.

C. Abbreviations and Acronyms for Electrical Single-Conductor and Multiple-Conductor

Cable Types:

1.  AC: Armored cable.

2.  CATV: Coaxial general-purpose cable.

3.  CATVP: Coaxial plenum cable.

4.  CATVR: Coaxial riser cable.

5.  CI: Circuit integrity cable.

6. CL2: Class 2 cable.

7.  CL2P: Class 2 plenum cable.

8. CL2R: Class 2riser cable.

9. CL2X: Class 2 cable, limited use.

10. CL3: Class 3 cable.

11. CL3P: Class 3 plenum cable.

12. CL3R: Class 3riser cable.

13. CL3X: Class 3 cable, limited use.

14. CM: Communications general-purpose cable.

15. CMG: Communications general-purpose cable.

16. CMP: Communications plenum cable.

17. CMR: Communications riser cable.

18. CMUC: Under-carpet communications wire and cable.

19. CMX: Communications cable, limited use.

20. DG: Distributed generation cable.

21. FC: Flatcable.

22. FCC: Flat conductor cable.

23. FPL: Power-limited fire-alarm cable.

24. FPLP: Power-limited fire-alarm plenum cable.

25.  FPLR: Power-limited fire-alarm riser cable.

26. IGS: Integrated gas spacer cable.

27. ITC: Instrumentation tray cable.

28. ITC-ER: Instrumentation tray cable, exposed run.

29. MC: Metal-clad cable.

30. MC-HL: Metal-clad cable, hazardous location.
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31. MI: Mineral-insulated, metal-sheathed cable.

32. MTW: (machine tool wiring) Moisture-, heat-, and oil-resistant thermoplastic
cable.

33.  MV: Medium-voltage cable.

34. NM: Nonmetallic sheathed cable.

35. NMC: Nonmetallic sheathed cable with corrosion-resistant nonmetallic jacket.

36. NMS: Nonmetallic sheathed cable with signaling, data, and communications
conductors, plus power or control conductors.

37. NPLF: Non-power-limited fire-alarm circuit cable.

38. NPLFP: Non-power-limited fire-alarm circuit cable for environmental air spaces.

39. NPLFR: Non-power-limited fire-alarm circuit riser cable.

40. NUCC: Nonmetallic underground conduit with conductors.

41. OFC: Conductive optical fiber general-purpose cable.

42. OFCG: Conductive optical fiber general-purpose cable.

43. OFCP: Conductive optical fiber plenum cable.

44. OFCR: Conductive optical fiber riser cable.

45.  OFN: Nonconductive optical fiber general-purpose cable.

46. OFNG: Nonconductive optical fiber general-purpose cable.

47. OFNP: Nonconductive optical fiber plenum cable.

48. OFNR: Nonconductive optical fiber riser cable.

49. P: Marine shipboard cable.

50. PLTC: Power-limited tray cable.

51. PLTC-ER: Power-limited tray cable, exposed run.

52. PV: Photovoltaic cable.

53. RHH: (high heat) Thermoset rubber, heat-resistant cable.

54. RHW: Thermoset rubber, moisture-resistant cable.

55. SA: Silicone rubber cable.

56. SE: Service-entrance cable.

57. SER: Service-entrance cable, round.

58. SEU: Service-entrance cable, flat.

59. SIS: Thermoset cable for switchboard and switchgear wiring.

60. TBS: Thermoplastic cable with outer braid.

61. TC: Tray cable.

62. TC-ER: Tray cable, exposed run.

63. TC-ER-HL: Tray cable, exposed run, hazardous location.

64. THW: Thermoplastic, heat- and moisture-resistant cable.

65. THHN: Thermoplastic, heat-resistant cable with nylon jacket outer sheath.

66. THHW: Thermoplastic, heat- and moisture-resistant cable.

67. THWN: Thermoplastic, moisture- and heat-resistant cable with nylon jacket outer
sheath.

68. TW: Thermoplastic, moisture-resistant cable.

69. UF: Underground feeder and branch-circuit cable.

70. USE: Underground service-entrance cable.

71. XHH: Cross-linked polyethylene, heat-resistant cable.

72. XHHW: Cross-linked polyethylene, heat- and moisture-resistant cable.

D. Abbreviations and Acronyms for Electrical Flexible Cord Types:

1. SEO: 600 V extra-hard-usage, hard-service cord with thermoplastic elastomer
insulation and oil-resistant thermoplastic elastomer outer covering for damp
locations.
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10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

SEOW: 600 V extra-hard-usage, hard-service cord with thermoplastic elastomer
insulation and oil-resistant thermoplastic elastomer outer covering for damp or
wet locations.

SEOO: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoplastic
elastomer insulation and oil-resistant thermoplastic elastomer outer covering for
damp locations.

SEOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant
thermoplastic elastomer insulation and oil-resistant thermoplastic elastomer outer
covering for damp or wet locations.

SJEO: 300 V hard-usage, junior hard-service cord with thermoplastic elastomer
insulation and oil-resistant thermoplastic elastomer outer cover for damp
locations.

SJEOW: 300 V hard-usage, junior hard-service cord with thermoplastic
elastomer insulation and oil-resistant thermoplastic elastomer outer cover for
damp or wet locations.

SJEOO: 300 V hard-usage, junior hard-service cord with oil-resistant
thermoplastic elastomer insulation and oil-resistant thermoplastic elastomer outer
cover for damp locations.

SJEOOW: 300 V hard-usage, junior hard-service cord with oil-resistant
thermoplastic elastomer insulation and oil-resistant thermoplastic elastomer outer
cover for damp or wet locations.

SJO: 300 V hard-usage, junior hard-service cord with thermoset insulation and
oil-resistant thermoset outer cover for damp locations.

SJOW: 300 V hard-usage, junior hard-service cord with thermoset insulation and
oil-resistant thermoset outer cover for damp or wet locations.

SJOO: 300 V hard-usage, junior hard-service cord with oil-resistant thermoset
insulation and oil-resistant thermoset outer cover for damp locations.

SJOOW: 300 V hard-usage, junior hard-service cord with oil-resistant thermoset
insulation and oil-resistant thermoset outer cover for damp or wet locations.
SJTO: 300 V hard-usage, junior hard-service cord with thermoplastic insulation
and oil-resistant thermoplastic outer cover for damp locations.

SJTOW: 300 V hard-usage, junior hard-service cord with thermoplastic insulation
and oil-resistant thermoplastic outer cover for damp or wet locations.

SJTOO: 300 V hard-usage, junior hard-service cord with oil-resistant
thermoplastic insulation and oil-resistant thermoplastic outer cover for damp
locations.

SJTOOW: 300 V hard-usage, junior hard-service cord with oil-resistant
thermoplastic insulation and oil-resistant thermoplastic outer cover for damp or
wet locations.

SO: 600 V extra-hard-usage, hard-service cord with thermoset insulation and oil-
resistant thermoset outer covering for damp locations.

SOW: 600 V extra-hard-usage, hard-service cord with thermoset insulation and
oil-resistant thermoset outer covering for damp or wet locations.

SOO: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoset
insulation and oil-resistant thermoset outer covering for damp locations.

SOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoset
insulation and oil-resistant thermoset outer covering for damp or wet locations.
STO: 600 V extra-hard-usage, hard-service cord with thermoplastic insulation
and oil-resistant thermoplastic outer covering for damp locations.

STOW: 600 V extra-hard-usage, hard-service cord with thermoplastic insulation
and oil-resistant thermoplastic outer covering for damp or wet locations.
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23.

24.

STOO: 600 V extra-hard-usage, hard-service cord with oil-resistant thermoplastic
insulation and oil-resistant thermoplastic outer covering for damp locations.
STOOW: 600 V extra-hard-usage, hard-service cord with oil-resistant
thermoplastic insulation and oil-resistant thermoplastic outer covering for damp
or wet locations.

E. Definitions:

1.

8-Position 8-Contact (8P8C) Modular Jack: An unkeyed jack with up to eight
contacts commonly used to terminate twisted-pair and multiconductor Ethernet
cable. Also called a "TIA-1096 miniature 8-position series jack" (8PSJ), or an
"IEC 8877 8-pole jack."

a. Be careful when suppliers use "RJ45" generically. Obsolete RJ45 jacks
used for analog telephone cables have rejection keys. 8P8C jacks used for
digital telephone cables and Ethernet cables do not have rejection keys.

Basic Impulse Insulation Level (BIL): Reference insulation level expressed in
impulse crest voltage with a standard wave not longer than 1.5 times 50
microseconds and 1.5 times 40 microseconds.

Cable: In accordance with NIST NBS Circular 37 and IEEE standards, in the
United States for the purpose of interstate commerce, the definition of "cable" is
(1) a conductor with insulation, or a stranded conductor with or without insulation
(single-conductor cable); or (2) a combination of conductors insulated from one
another (multiple-conductor cable).

Communications Jack: A fixed connecting device designed for insertion of a
communications cable plug.

Communications Outlet: One or more communications jacks, or cables and
plugs, mounted in a box or ring, with a suitable protective cover.

Conductor: In accordance with NIST NBS Circular 37 and IEEE standards, in the
United States for the purpose of interstate commerce, the definition of
"conductor” is (1) a wire or combination of wires not insulated from one another,
suitable for carrying an electric current; (2) (National Electrical Safety Code) a
material, usually in the form of wire, cable, or bar, suitable for carrying an electric
current; or (3) (general) a substance or body that allows a current of electricity to
pass continuously along it.

Designated Seismic System: A system component that requires design in
accordance with Ch. 13 of ASCE/SEI 7 and for which the Component Importance
Factor is greater than 1.0.

Direct Buried: Installed underground without encasement in concrete or other
protective material.

Enclosure: The case or housing of an apparatus, or the fence or wall(s)
surrounding an installation, to prevent personnel from accidentally contacting
energized parts or to protect the equipment from physical damage. Types of
enclosures and enclosure covers include the following:

a. Cabinet: An enclosure that is designed for either surface mounting or flush
mounting and is provided with a frame, mat, or trim in which a swinging
door or doors are or can be hung.

b.  Concrete Box: A box intended for use in poured concrete.

C. Conduit Body: A means for providing access to the interior of a conduit or
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tubing system through one or more removable covers at a junction or
terminal point. In the United States, conduit bodies are listed in accordance
with outlet box requirements.

Conduit Box: A box having threaded openings or knockouts for conduit,
EMT, or fittings.

Cutout Box: An enclosure designed for surface mounting that has swinging
doors or covers secured directly to and telescoping with the walls of the
enclosure.

Device Box: A box with provisions for mounting a wiring device directly to
the box.

Extension Ring: A ring intended to extend the sides of an outlet box or
device box to increase the box depth, volume, or both.

Floor Box: A box mounted in the floor intended for use with a floor box
cover and other components to complete the floor box enclosure.
Floor-Mounted Enclosure: A floor box and floor box cover assembly with
means to mount in the floor that is sealed against the entrance of scrub
water at the floor level.

Floor Nozzle: An enclosure used on a wiring system, intended primarily as
a housing for a receptacle, provided with a means, such as a collar, for
surface-mounting on a floor, which may or may not include a stem to
support it above the floor level, and is sealed against the entrance of scrub
water at the floor level.

Junction Box: A box with a blank cover that joins different runs of raceway
or cable and provides space for connection and branching of the enclosed
conductors.

Outlet Box: A box that provides access to a wiring system having pryout
openings, knockouts, threaded entries, or hubs in either the sides or the
back, or both, for the entrance of conduit, conduit or cable fittings, or
cables, with provisions for mounting an outlet box cover, but without
provisions for mounting a wiring device directly to the box.

Pedestal Floor Box Cover: A floor box cover that, when installed as
intended, provides a means for typically vertical or near-vertical mounting
of receptacle outlets above the floor's finished surface.

Pull Box: A box with a blank cover that joins different runs of raceway and
provides access for pulling or replacing the enclosed cables or conductors.
Raised-Floor Box: A floor box intended for use in raised floors.

Recessed Access Floor Box: A floor box with provisions for mounting
wiring devices below the floor surface.

Recessed Access Floor Box Cover: A floor box cover with provisions for
passage of cords to recessed wiring devices mounted within a recessed
floor box.

Ring: A sleeve, which is not necessarily round, used for positioning a
recessed wiring device flush with the plaster, concrete, drywall, or other
wall surface.

Ring Cover: A box cover, with raised center portion to accommodate a
specific wall or ceiling thickness, for mounting wiring devices or luminaires
flush with the surface.

Termination Box: An enclosure designed for installation of termination base
assemblies consisting of bus bars, terminal strips, or terminal blocks with
provision for wire connectors to accommodate incoming or outgoing
conductors, or both.
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10.

11.

12.

13.

14.
15.

16.

17.

18.
19.
20.
21.
22.

23.

Emergency Systems: Those systems legally required and classed as emergency
by municipal, state, federal, or other codes, or by any governmental agency
having jurisdiction that are designed to ensure continuity of lighting, electrical
power, or both, to designated areas and equipment in the event of failure of the
normal supply for safety to human life.

Essential Electrical Systems: (healthcare facilities) Those systems designed to
ensure continuity of electrical power to designated areas and functions of a
healthcare facility during disruption of normal power sources, and also to
minimize disruption within the internal wiring system.

Fault Limited: Providing or being served by a source of electrical power that is
limited to not more than 100 W when tested in accordance with UL 62368-1.

a. The term "fault limited" is intended to encompass most Class 1, 2, and 3
power-limited sources complying with Article 725 of NFPA 70; Class ES1
and ES2 electrical energy sources that are Class PS1 electrical power
sources (e.g., USB); and Class ES3 electrical energy sources that are
Class PS1 and PS2 electrical power sources (e.g., PoE). See UL 62368-1
for discussion of classes of electrical energy sources and classes of
electrical power sources.

High-Performance Building: A building that integrates and optimizes on a life-
cycle basis all major high-performance attributes, including energy conservation,
environment, safety, security, durability, accessibility, cost-benefit, productivity,
sustainability, functionality, and operational considerations.

Jacket: A continuous nonmetallic outer covering for conductors or cables.
Luminaire: A complete lighting unit consisting of a light source such as a lamp,
together with the parts designed to position the light source and connect it to the
power supply. It may also include parts to protect the light source or the ballast or
to distribute the light.

Mode: The terms "Active Mode," "Off Mode," and "Standby Mode" are used as
defined in the Energy Independence and Security Act (EISA) of 2007.
Multi-Outlet Assembly: A type of surface, flush, or freestanding raceway
designed to hold conductors, receptacles, and switches, assembled in the field or
at the factory.

Plenum: A compartment or chamber to which one or more air ducts are
connected and that forms part of the air distribution system.

Receptacle: A fixed connecting device arranged for insertion of a power cord
plug. Also called a power jack.

Receptacle Outlet: One or more receptacles mounted in a box with a suitable
protective cover.

Sheath: A continuous metallic covering for conductors or cables.

UL Category Control Number (CCN): An alphabetic or alphanumeric code used
to identify product categories covered by UL's Listing, Classification, and
Recognition Services.

Voltage Class: For specified circuits and equipment, voltage classes are defined
as follows:

a. Control Voltage: Having electromotive force between any two conductors,
or between a single conductor and ground, that is supplied from a battery
or other Class 2 or Class 3 power-limited source.

b. Line Voltage: (1) (controls) Designed to operate using the supplied low-
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voltage power without transformation. (2) (transmission lines, transformers,
SPDs) The line-to-line voltage of the supplying power system.

C. Extra-Low Voltage (ELV): Not having electromotive force between any two
conductors, or between a single conductor and ground, exceeding 30 V(ac
rms), 42 V(ac peak), or 60 V(dc).

d. Low Voltage (LV): Having electromotive force between any two conductors,
or between a single conductor and ground, that is rated above 30 V but not
exceeding 1000 V.

e. Medium Voltage (MV): Having electromotive force between any two
conductors, or between a single conductor and ground, that is rated about
1 kV but not exceeding 69 kV.

f. High Voltage: (1) (circuits) Having electromotive force between any two
conductors, or between a single conductor and ground, that is rated above
69 kV but not exceeding 230 kV. (2) (safety) Having sufficient electromotive
force to inflict bodily harm or injury.

Wire: In accordance with NIST NBS Circular 37 and IEEE standards, in the
United States for the purpose of interstate commerce, the definition of "wire" is a
slender rod or filament of drawn metal. A group of small wires used as a single
wire is properly called a "stranded wire." A wire or stranded wire covered with
insulation is properly called an "insulated wire" or a "single-conductor cable.”
Nevertheless, when the context indicates that the wire is insulated, the term
"wire" will be understood to include the insulation.

1.3 COORDINATION
A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities
occupied by Owner or others unless permitted under the following conditions:
1. Notify Construction Manager no fewer than seven days in advance of proposed
interruption of electrical service.
2. Do not proceed with interruption of electrical service without Construction
Manager's written permission.
3. Coordinate interruption with systems impacted by outage including, but not
limited to, the following:
a. Exercising generators.
b. Emergency lighting.
C. Elevators.
d. Fire-alarm systems.
1.4 PREINSTALLATION MEETINGS
A. Electrical Preconstruction Conference: Schedule conference with Architect and Owner,
not later than 10 days after notice to proceed. Agenda topics include, but are not
limited to, the following:
1. Electrical installation schedule.
2. Status of power system studies.
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3. Value analysis proposals and requests for substitution of electrical equipment.
4. Utility work coordination and class of service requests.
5. Commissioning activities.
6.  Sustainability activities[, including Measurement and Verification Plan.
15 SEQUENCING
A.  Conduct and submit results of power system studies before submitting Product Data
and Shop Drawings for electrical equipment.
1.6 SCHEDULING
To be coordinated with owner.
1.7 ACTION SUBMITTALS

A.  Coordination Drawings for Structural Supports: Show coordination of structural
supports for equipment and devices, including restraints and bracing for control of
seismic and wind loads, with other systems, equipment, and structural supports in the
vicinity.

B.  Coordination Drawings for Ceiling Areas: Where indicated on drawings, provide
reflected ceiling plan(s), supplemented by sections and other details, drawn to scale, in
accordance with Section 013100 "Project Management and Coordination,” on which
the following items are shown and coordinated with each other, using input from
installers of the items involved:

1. Suspended ceiling components.
2. Structural members to which equipment and suspension systems will be
attached.
3 Size and location of access panels on ceilings.
4 Elevation, size, and route of sprinkler piping.
5. Elevation, size, and route of plumbing piping.
0. Elevation, size, and route of ductwork.
7 Elevation, size, and route of cable tray.
8 Elevation, size, and route of conduit.
9 Elevation and size of wall-mounted and ceiling-mounted equipment.
10. Access panels.
11. Sprinklers.
12. Airinlets and outlets.
13. Control modules.
14. Luminaires.
15. Communications devices.
16. Speakers.
17. Security devices.
18. Fire-alarm devices.
19. Indicate clear dimensions for maintenance access in front of equipment.
20. Indicate dimensions of fully-open access doors.
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C. Coordination Drawings for Cable Tray Routing: Reflected ceiling plan(s), supplemented
by sections and other details, drawn to scale, in accordance with Section 013100
"Project Management and Coordination," on which the following items are shown and
coordinated with each other, using input from installers of the items involved:

Elevation, size, and route of cable trays.

Relationships between components and adjacent structural, electrical, and
mechanical elements.

3 Vertical and horizontal offsets and transitions.

4 Elevation and size of sleeves for wall, ceiling, and floor cable penetrations.
5. Elevation of ceilings and size of ceiling tiles.

6. Locations of access panels on ceilings.
7

8

9

N

Locations where cable tray crosses or parallels sprinkler piping.
Locations where cable tray crosses plumbing piping.
Locations where cable tray crosses or parallels ductwork.

10. Locations of access panels on ductwork.

11. Locations where cable tray crosses conduit.

12. Items blocking access around cable trays, including the following:

Light fixtures.

Speakers.

Fire-alarm devices.
Power outlets.
Wall-mounted equipment.
Equipment racks.
Furniture.

Door swings.

Building features.

TS@mo oo

13. Indicate clear dimension between cable tray and walls or obstructions that are
closer than 10 ft.

14. Highlight locations where cable tray is greater than 3 ft above ceilings. Explain
how personnel access will be accommodated for cable tray maintenance.

D. Coordination Drawings for Conduit Routing: Conduit routing plans, drawn to scale, on
which the following items are shown and coordinated with each other, using input from
installers of items involved:

1. Structural members in paths of conduit groups with common supports.
2. HVAC and plumbing items and architectural features in paths of conduit groups
with common supports.

E. Coordination Drawings for Bus Assembly Routing: Floor plans and sections, drawn to
scale, on which the following items are shown and coordinated with each other, using
input from installers of items involved:

1. Scaled bus-assembly layouts and relationships between components and
adjacent structural, mechanical, and electrical elements.

2. Vertical and horizontal enclosed bus-assembly runs, offsets, and transitions.

3. Clearances for access above and to the side of enclosed bus assembilies.

4, Vertical elevation of enclosed bus assemblies above the floor or bottom of
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structure.

5.  Support locations, type of support, and weight on each support.

6. Location of adjacent construction elements including luminaires, HYAC and
plumbing equipment, fire sprinklers and piping, signal and control devices, and
other equipment.

F.  Coordination Drawings for Large Equipment Indoor Installations:

1. Location plan, drawn to scale, showing heavy equipment or truck access paths to
loading dock or other freight access into building. Indicate available width and
height of doors or openings.

2. Floor plan for entry floor and floor where equipment is located, drawn to scale,
showing heavy equipment access paths for maintenance and replacement, with
the following items shown and coordinated with each other, based on input from
installers of the items involved:

a. Dimensioned concrete bases, outlines of equipment, conduit entries, and
grounding equipment locations.

b. If freight elevator must be used, indicate width and height of door and
depth of car. Indicate if large equipment must be tipped to use elevator.

C. Dimensioned working clearances and dedicated areas below and around
electrical equipment where obstructions and tripping hazards are
prohibited.

3. Reflected ceiling plans for entry floor and floor where equipment is located,
drawn to scale, on which the following items shown and coordinated with each
other, based on input from installers of the items involved:

a.  Support locations, type of support, and weight on each support. Locate
structural supports for structure-supported raceways, busways, and
seismic bracing.

b. Location of lighting fixtures, sprinkler piping and sprinklers, ducts and
diffusers, and other obstructions, indicating available overhead clearance.

C. Dimensioned working clearances and dedicated areas above and around
electrical equipment where foreign systems and equipment are prohibited.

G. Coordination Drawings for Large Equipment Outdoor Installations:
1. Utilities site plan, drawn to scale, showing heavy equipment or truck access
paths for maintenance and replacement, with the following items shown and
coordinated with each other, based on input from installers of the items involved:

a. Fences and walls, dimensioned concrete bases, outlines of equipment,
conduit entries, and grounding and bonding locations.

b. Indicate clear dimensions for fence gates and wall openings.

C. Indicate depth and type of ground cover, and locations of trees, shrubbery,
and other obstructions in access path.

d. Indicate clear height below tree branches, overhead lines, bridges, and

other overhead obstructions in access path, or where cranes and hoists will
be needed to handle large electrical equipment.
e. Support locations, type of support, and weight on each support. Locate

SUPPLEMENTAL REQUIREMENTS FOR 260010 - 14
ELECTRICAL



structural supports for structure-supported raceways[, busways, and
seismic bracing.

f. Dimensioned working clearances and dedicated areas around electrical
equipment.

H.  Coordination Drawings for Duct Banks:

1.

2.

Show duct profiles and coordination with other utilities and underground
structures.

Include plans and sections, drawn to scale, and show bends and locations of
expansion fittings.

1.8 INFORMATIONAL SUBMITTALS

A. Electrical Installation Schedule: At preconstruction meeting, and periodically thereafter
as dates change, provide schedule for electrical installation Work to Owner and
Architect including, but not limited to, milestone dates for the following activities:
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15.
16.

Submission of power system studies.

Submission of specified coordination drawings.

Submission of action submittals specified in Division 26.

Orders placed for major electrical equipment.

Arrival of major electrical equipment on-site.

Preinstallation meetings specified in Division 26.

Utility service outages.

Utility service inspection and activation.

Mockup reviews.

Closing of walls and ceilings containing electrical Work.

System startup, testing, and commissioning activities for major electrical
equipment.

System startup, testing, and commissioning activities for emergency lighting.
System startup, testing, and commissioning activities for automation systems
(SCADA, BMS, lighting, HVAC, fire alarm, fire pump, etc.).

Pouring of concrete housekeeping pads for electrical equipment and testing of
concrete samples.

Requests for special inspections.

Requests for inspections by authorities having jurisdiction.

B. Delegated Design Drawings for Structural Masonry Wall Penetrations: Where indicated
on Drawings, provide reflected ceiling plan(s), supplemented by elevations, sections,
and other details, drawn to scale, signed and sealed by a qualified structural
professional engineer, on which the following items are shown and coordinated with
each other, using input from installers of the items involved:

oukrwnpE

Location and dimensions of structural members supporting wall.
Location and dimensions of columns near penetrations.
Location and dimension of headers and lintels.

Doors and windows near penetrations.

Location and dimensions of penetrating cuts.

Sprinkler piping and sleeves.
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Plumbing piping and sleeves.
Ductwork and sleeves.

0. Cable tray and sleeves.

10. Conduit and sleeves.

11. Firestopping assemblies for rated penetrations.

12. Structural supports for piping, ductwork, and conduit on both sides of wall.

C. Welding certificates.

D. Seismic-Load Performance Certificates: Provide special certification for designated
seismic systems as indicated in Paragraph 13.2.2 "Special Certification Requirements
for Designated Seismic Systems" of- as per Architectural specifications for all
designated seismic-load systems identified on Drawings or in the Specifications.

1. Include the following information:

a.

b.

Basis for Certification: Indicate whether withstand certification is based on
actual test of assembled components or on calculation.

Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity
and locate and describe mounting and anchorage provisions.

Detailed description of equipment anchorage devices on which the
certification is based and their installation requirements.

Detailed description of conduit support devices and interconnections on
which the certification is based and their installation requirements.

Provide equipment manufacturer's written certification for each designated
active electrical seismic device and system, stating that it will remain
operable following the design earthquake. Certification must be based on
requirements of ASCE/SEI 7, including shake table testing per ICC-ES
AC156 or a similar nationally recognized testing standard procedure
acceptable to authorities having jurisdiction

Provide equipment manufacturer's written certification that components
with hazardous contents maintain containment following the design
earthquake by methods required.

Submit evidence demonstrating compliance with these requirements for
approval to authorities having jurisdiction after review and acceptance by
qualified structural professional engineer.

E. Wind-Load Performance Certificates: not used.

F. Qualification Statements:

CoNoaA~A®NE

For qualified regional manufacturer.
For structural professional engineer.
For electrical professional engineer.
For lighting professional engineer.
For EPM specialist.

For welder.

For ERMC-S-PVC raceway Installer.
For medium-voltage cable Installer.
For medium-voltage duct Installer.
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10.
11.
12.
13.
14.
15.
16.
17.
18.
19.

20.
21.
22.
23.

For medium-voltage equipment Installer.

For electrical power monitoring Installer.

For switchboard Installer.

For EVSE Installer.

For generator set Installer.

For lightning protection system Installer.

For theatrical lighting Installer.

For exterior athletic lighting Installer.

For power quality specialist.

For power-limited electrical testing agency and on-site power-limited testing
supervisor.

For structural testing and inspecting agency.
For outdoor pole testing and inspecting agency.
For luminaire photometric testing laboratory.
For lighting testing and inspecting agency.

1.9 CLOSEOUT SUBMITTALS

A. Facility EPM Program Binders:

1.

Complete Set: On approved online or cloud solution and USB media that is
clearly and permanently labeled with attached placard on lanyard to prevent
misplacement.

Volumes 2 and 8: Reproducible hardcopy on archival quality, 28 Ib, acid-free,
bond paper.

B.  Operation and Maintenance Data:

1. Provide emergency operation, normal operation, and preventive maintenance
manuals for each system, equipment, and device listed below:
2. Include the following information:

a. Manufacturer's operating specifications.

b. User's guides for software and hardware.

C. Schedule of maintenance material items recommended to be stored at
Project site.

d. Detailed instructions covering operation under both normal and abnormal
conditions.

e. Time-current curves for overcurrent protective devices and manufacturer's
written instructions for testing and adjusting their settings.

f. List of load-current and overload-relay heaters with related motor
nameplate data.

g. List of lamp types and photoelectric relays used on Project, with ANSI and
manufacturers' codes.

h. Manufacturer's instructions for setting field-adjustable components.

i. Manufacturer's instructions for testing, adjusting, and reprogramming
microprocessor controls.

J- EPSS: Manufacturer's system checklists, maintenance schedule, and
maintenance log sheets in accordance with NFPA 110.

k. Exterior pole inspection and repair procedures.
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Software and Firmware Operational Documentation: Provide software and firmware
operational documentation in Facility EPM Program Binders, including the following:

Software operating and upgrade manuals.

Names, versions, and website addresses for locations of installed software.
Device address list.

Printout of software application and graphic screens.

Testing and adjusting of panic and emergency power features.

For lighting controls, include the following:

ourwWNE

a. Adjustments of scene preset controls, adjustable fade rates, and fade
overrides.
b. Operation of adjustable zone controls.

Software:

1. Program Software Backup: Provide username and password for approved online
or cloud solution and USB media that is clearly and permanently labeled with
attached placard on lanyard to prevent misplacement.

2. Provide to Owner upgrades and unrestricted licenses[ for Government use] for
installed and backup software, including operating systems and programming
tools required for operation and maintenance.

QUALIFICATIONS

Qualified Regional Manufacturer: Manufacturer, possessing qualifications specified in
Section 014000 "Quality Requirements," that maintains a service center capable of
providing training, parts, and emergency on-site repairs to Project site with response
time less than eight hours.

Structural Professional Engineer: Professional engineer possessing active
gualifications specified in Section 014000 "Quality Requirements," with expertise in
structural engineering|, including seismic- and wind-load modeling and analysis.

Electrical Professional Engineer: Professional engineer possessing active qualifications
specified in Section 014000 "Quality Requirements," with expertise in electrical
engineering, including electrical power system modeling and analysis of electrical
safety in accordance with NFPA 70E.

Lighting Professional Engineer: Professional engineer possessing active qualifications
in accordance with Section 014000 "Quality Requirements" and the following:

1. Expertise in electrical engineering, lighting design, and structural requirements
for exterior poles and standards.

2. Lighting Certified (LC) Professional by the National Council on Qualifications for
the Lighting Professions (NCQLP).

EPM Specialist: Recognized experts possessing the following qualifications in
accordance with Section 014000 "Quality Requirements" and NFPA 70B:

SUPPLEMENTAL REQUIREMENTS FOR 260010 - 18
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1. Technical Competence: Person should, by education, training, and experience,
be well-rounded in all aspects of electrical maintenance.

2. Administrative and Supervisory Skills: Person should be skilled in planning and
development of long-range objectives to achieve specific results and should be
able to command respect and solicit cooperation of persons involved in EPM
Program development.

F.  Welder: Installer possessing active qualifications specified in Section 014000 "Quality
Requirements," with training and certification in accordance with AWS D1.1/D1.1Mand
AWS D1.2/D1.2M.

G. ERMC-S-PVC Installers: Installer possessing active qualifications specified in Section
014000 "Quality Requirements," and able to present unexpired certified Installer
credentials issued by ERMC-S-PVC manufacturer prior to starting installation.

H.  Generator Set Installers: Installer possessing active qualifications specified in Section
014000 "Quality Requirements," and able to present unexpired certified Installer
credentials issued by generator set manufacturer prior to starting installation.

l. Power Quality Specialist: Recognized experts possessing active credentials from a
gualified electrical testing laboratory recognized by authorities having jurisdiction, and
able to present unexpired NICET Level 4 credentials with documented experience in
power quality testing for installations similar in complexity to this Project.

J. Low-Voltage Electrical Testing and Inspecting Agency: Entities possessing active
credentials from a qualified electrical testing laboratory recognized by authorities
having jurisdiction.

1.  On-site electrical testing supervisors must have documented certification and
experience with testing electrical equipment in accordance with NETA testing
standards.

K.  Power-Limited Electrical Testing Agency: Entity possessing active credentials from a
qualified electrical testing laboratory recognized by authorities having jurisdiction.

1.  On-site power-limited testing supervisor must have BICSI Registered
Communications Distribution Designer certification and documented training and
experience with testing power-limited equipment in accordance with NETA
testing standards.

L. Outdoor Pole Testing and Inspecting Agency: Entity possessing active qualifications
specified in Section 014000 "Quality Requirements" with documented training and
experience in accordance with ASTM C1093 for foundation testing and inspections.

M.  Luminaire Photometric Testing Laboratory: Entity possessing active qualifications
specified in Section 014000 "Quality Requirements" accredited under the NVLAP for
Energy Efficient Lighting Products, and complying with applicable IES testing
standards.

N.  Lighting Testing and Inspecting Agency: Entity possessing active qualifications
specified in Section 014000 "Quality Requirements" with documented training and
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1.12

experience with testing and inspecting lighting installations in accordance with IES LM-
5.

MOCKUPS

Simple Mockups for Coordinating Accessibility of Electrical Devices around Fixed
Furnishings and Equipment:

1. Build simple mockups using art supplies and other inexpensive materials for
verification of general arrangement, actual dimensions, and accessibility of by
Architect prior to fabrication and installation of Work. Depict products from all
Divisions requiring coordination including, but not limited to, fixed furnishings,
casework, outlet covers and plates, HVAC controls, exposed raceway, exposed
plumbing, equipment, and signage.

Approval of mockups does not constitute approval of deviations from the Contract
Documents contained in mockups unless Owner specifically approves such deviations
by Change Order.

FIELD CONDITIONS

Modeling, analysis, product selection, installation, and quality control for Work specified
in Division 26 must comply with requirements specified in Section 260011 "Facility
Performance Requirements for Electrical."

Service Conditions for Electrical Power Equipment: Besides conditions specified in
Section 260011 "Facility Performance Requirements for Electrical," specified electrical
power equipment must be suitable for operation under service conditions specified as
usual service conditions in applicable NEMA PB series, IEEE C37 series, and IEEE
C57 series standards, except for the following:

Exposure to significant solar radiation.

Exposure to fumes, vapors, or dust.

Exposure to explosive environments.

Ambient temperature not exceedin140 deg F

Exposure to hot and humid climate or to excessive moisture, including
steam, salt spray, and dripping water.

Unusual transportation or storage conditions.

Unusual grounding resistance conditions.

Unusual space limitations.

PO oR
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END OF SECTION 26 00 10
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SECTION 260519 - LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1 - GENERAL

11 SUMMARY
A.  This Section includes the following:
1. Building wires and cables rated 600 V and less.
2. Connectors, splices, and terminations rated 600 V and less.
3. Sleeves and sleeve seals for cables.
1.2 DEFINITIONS
A. EPDM: Ethylene-propylene-diene terpolymer rubber.

B. NBR: Acrylonitrile-butadiene rubber.

1.3 SUBMITTALS
A.  Product Data: For each type of product indicated.

B.  Field quality-control test reports.

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

B.  Comply with NFPA 70.

15 COORDINATION

A.  Set sleeves in cast-in-place concrete, masonry walls, and other structural components as they
are constructed.

PART 2 -PRODUCTS

2.1 CONDUCTORS AND CABLES

A.  Available Manufacturers: Subject to compliance with requirements, manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:
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2.2

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

American Insulated Wire Corp.; a Leviton Company.

General Cable Corporation.

Southwire Company.

Pirelli.

Superior Essex.

The Okonite Company

Approved equal.

NogokwbE

Copper Conductors: Class B, Concentric-lay, stranded conductors. Comply with
NEMA WC 70.

Conductor Insulation: Comply with NEMA WC 70 for Types THHN-THWN and USE.

Multiconductor Cable: Comply with NEMA WC 70 for metal-clad cable, Type MC [mineral-
insulated, metal-sheathed cable, Type MI Type SO and Type USE all with insulated ground
wire.

Metal Clad Cable Type MC: Aluminum or galvanized steel armor, color coded 90-deg. C
THHN-THWN insulated copper conductors with full size green insulated grounding conductor.

Metal Clad Cable Type MC/IG: Aluminum or galvanized steel armor, color coded 90-deg. C
THHN-THWN insulated copper conductors with full size green insulated grounding conductor
and full size green insulated isolated grounding conductor with yellow stripes.

FIRE PUMP FEEDER CABLES- not used
Routed through the building or structure.
1. Manufacturer:

a. Pyrotenax USA Inc., Electrical Cable Systems Group.
b. Raychem Corp.
C. Approved equal.

2. Description:

a. Mineral Insulated Cable Type MI: Pyrotenax System 1850 Type MI, 2-Hour Fire
Resistive Cable consisting of one or more copper conductors factory assembled in
a highly compacted magnesium oxide insulation and enclosed in a seamless, liquid
and gas tight copper continuous sheath.

b. Polymer Insulated Type RHW Cable in Conduit: Raychem RHW, 2-Hour Fire
Rated "Electrical Circuit Protective System" consisting of copper conductors with
silicon rubber insulation, cross-linked polyolefin jacket, installed in steel conduit
with threaded fittings.

C. Polymer Insulated Type MC Cable: Raychem MC, 2-Hour Fire Rated "Electrical
Circuit Protective System" consisting of copper conductors with silicon rubber
insulation, silicone rubber inner jacket, and a continuously welded corrugated
copper armor.
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2.3

24

2.5

Routed outside the building or structure.

1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway.

FIRE PUMP CONTROL WIRING
Between fire pump controller and remote annunciator.
1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway.

Routed through the building or structure between fire pump controller/power transfer switch
and emergency or standby generator.

1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway encased in 2-
inches of concrete.
2. Type RHH, 2-Hour Fire Rated Electrical Circuit Protective System Cables in conduit.

Routed outside the building or structure between fire pump controller/power transfer switch and
emergency or standby generator.

1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway.

CONNECTORS AND SPLICES

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

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

AFC Cable Systems, Inc.

Hubbell Power Systems, Inc.
0-Z/Gedney; EGS Electrical Group LLC.
3M; Electrical Products Division.

Tyco Electronics Corp.

Approved equal

oukrwnE

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

Steel Pipe Sleeves: ASTM A53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain
ends.

Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe,” equivalent to ductile-iron pressure pipe,
with plain ends and integral waterstop, unless otherwise indicated.
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PART 3 -

3.1

3.2

A

Sleeves for Rectangular Openings: Galvanized sheet steel with minimum 0.052- or 0.138-inch
(1.3- or 3.5-mm) thickness as indicated and of length to suit application.

Coordinate sleeve selection and application with selection and application of firestopping
specified in Thermal and Moisture Protection Section "Penetration Firestopping” and Electrical
Specification Section "Basic Materials™ "Penetration Firestopping".

EXECUTION

CONDUCTOR MATERIAL APPLICATIONS
Feeders: Copper Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

Branch Circuits: Copper. Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and
larger.

CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND
WIRING METHODS

Minimum size: General, #12 AWG,; over 100 feet at 120 volts and 200 feet at 277 volts, #10
AWG; over 150 feet at 120 volts and 300 feet at 277 volts, #8 AWG. Control wiring, #14
AWG; over 200 feet at 120 volts and 400 feet at 208 volts, #12 AWG. For longer runs increase
wire size so as not to exceed 2% voltage drop in feeders and 3% voltage drop in branch circuits.
Where conductor size is not indicated, its current carrying capacity shall be equal to or greater
than the rating of its overcurrent protective device or it shall be the minimum conductor size,
whichever is larger.

Where no dimensions are assigned to a wire size it shall be understood to be the wire gauge or
circular mil size indicated in the NEC tables. The abbreviations MCM, KCM, kcmil and the like
are used interchangeably throughout these documents and refer to thousands of circular mils
cross-sectional area of the conductor unless otherwise indicated.

Where conductor size is not indicated, its current carrying capacity shall be equal to or greater
than the rating of its overcurrent protective device.

Where conductor sizes are increased for voltage drop or other reasons the equipment grounding
conductor shall be increased in size proportionately.

Where conductors sizes are increased for voltage drop they may be reduced in size within ten
feet of the termination in order to fit under the lugs available on the overcurrent protective
device but not less than the ampacity of the frame size of the overcurrent protective device.

Service Entrance Conductors; Underground in raceway: Type THHN-THWN, 90 Degree C.,
single copper conductors in raceway.

Feeders; Underground in raceway: Type THHN-THWN, 90 Degree C., single copper
conductors in raceway.
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H. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground Beneath Buildings or
Structures: Type THHN-THWN, 90 Degree C., single copper conductors in raceway.

I Feeders; Interior in raceway: Type THHN-THWN, 90 Degree C., copper conductor.

J. Fire Pump Service Entrance Conductors: 2-Hour Fire Rated Type MI cable or Polymer
Insulated Type RHW, 2-Hour Fire Rated Electrical Circuit Protective System Cables in conduit.

K.  Fire Pump Feeders; Normal and Emergency: 2-Hour Fire Rated Type MI cable, or Polymer
Insulated Type RHW, 2-Hour Fire Rated Electrical Circuit Protective System Cables in conduit.

L. Fire Pump Control Wiring; Controller/Transfer Switch to Generator: Type RHH, 2-Hour Fire
Rated Electrical Circuit Protective System Cables in conduit.

M.  Elevator Feeder: Type THHN-THWN copper conductor in raceway.

N.  Feeders for all Emergency and Standby Power Systems wiring in health care facilities, Type
THHN, copper conductor, in nonflexible metal raceway (EMT) unless otherwise indicated.

0.  Branch Circuits; Underground: Type THHN-THWN, 90 Degree C., single copper conductors in
raceway.

P. Branch Circuits; Underground, Beyond Building or Structure, Direct Burial: Type UF, 75
Degree C., multi-conductor, copper conductor with ground.

Q. Branch Circuits Concealed in Concrete, Below Slabs-on-Grade, and Underground Beneath
Buildings or Structures: Type THHN-THWN, 90 Degree C., single copper conductors in
raceway.

R.  Branch Circuits; Interior: Type THHN, 90 Degree C., copper conductor in raceway.

S. Branch Circuit Homeruns: Type THHN, copper conductor, in raceway from panelboards to first
outlet box. Homerun, individual and multiple circuit cables are not to be run from panelboards.
After the first outlet box, approved cable may be used.

T.  Branch Circuits: For wiring #10 AWG and smaller in non health care facilities in gypsum board
partitions, ceiling spaces, and for connections from raceway outlet boxes to lighting fixtures and
equipment, Type MC Metal Clad Cable.

U.  Branch Circuits: For wiring #10 AWG and smaller in gypsum board partitions, for connections
from raceway outlet boxes to lighting fixtures, and for extension of normal power wiring #10
AWG and smaller from raceway outlet boxes into gypsum board partitions, Type HCF Health
Care Facilities Cable unless otherwise indicated.

V.  Branch Circuits: For all Emergency and Standby Power Systems wiring in health care facilities,
Type THHN, copper conductor, in nonflexible metal raceway (EMT) unless otherwise indicated
or excepted by NEC 517.30(C)(3).

W.  Branch Circuits: For computer power wiring with isolated ground #10 AWG and smaller in non

health care facilities and non-patient care areas of health care facilities in gypsum board
partitions, ceiling spaces, Type MC/IG Metal Clad Cable.
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BB.

CC.

DD.

EE.

FF.

GG.

HH.

JJ.

KK.

3.3

Service Entrance: Type SE or USE multiconductor cable.
Exposed Feeders: not used

Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces: Type THHN-THWN,
single conductors in raceway, Armored cable, Type AC, Metal-clad cable, Type MC. Mineral-
insulated, metal-sheathed cable, Type MI, Nonmetallic-sheathed cable, Type NM.

Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground: Type THHN-
THWN, single conductors in raceway, Underground feeder cable, Type UF.

Feeders Installed below Raised Flooring:  Type THHN-THWN, single conductors in
raceway,Armored cable, Type AC Metal-clad cable, Type MC Mineral-insulated, metal-
sheathed cable, Type MI.

Feeders in Cable Tray: Type THHN-THWN, single conductors in raceway Armored cable,
Type AC  Metal-clad cable, Type MC  Mineral-insulated, metal-sheathed cable,
Type MINonmetallic-sheathed cable, Type NM.

Exposed Branch Circuits, Including in Crawlspaces: Type THHN-THWN, single conductors in
raceway] [Armored cable, Type AC] [Metal-clad cable, Type MC] [Mineral-insulated, metal-
sheathed cable, Type MI] [Nonmetallic-sheathed cable, Type NM].

Branch Circuits Concealed in Ceilings, Walls, and Partitions: [Type THHN-THWN, single
conductors in raceway] [Armored cable, Type AC] [Metal-clad cable, Type MC] [Mineral-
insulated, metal-sheathed cable, Type MI] [Nonmetallic-sheathed cable, Type NM].

Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:
[Type THHN-THWN, single conductors in raceway] [Underground branch-circuit cable,
Type UF].

Branch Circuits Installed below Raised Flooring: [Type THHN-THWN, single conductors in
raceway] [Armored cable, Type AC] [Metal-clad cable, Type MC] [Mineral-insulated, metal-
sheathed cable, Type MI].

Branch Circuits in Cable Tray: [Type THHN-THWN, single conductors in raceway] [Armored
cable, Type AC] [Metal-clad cable, Type MC] [Mineral-insulated, metal-sheathed cable,
Type MI].

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

Class 1 Control Circuits: Type THHN-THWN, in raceway.

Class 2 Control Circuits: [Type THHN-THWN, in raceway] or [Power-limited cable, concealed
in building finishes] [Power-limited tray cable, in cable tray].

INSTALLATION OF CONDUCTORS AND CABLES

Service entrance conductors in raceway shall enter directly into the service disconnecting means
through the wall or floor at the exterior wall of the building or structure.
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B.  Where service entrance conductors must be run through or under any portion of the building or
structure to reach the service disconnecting means the raceway shall be covered by or encased
in not less than 2-inches of concrete supported from the building or structure in an approved
manner.

C. Install direct burial cables on a 2-inch minimum depth fine sand bed with a 4-inch minimum
layer of same material covering the conductors. Install in raceway under pavement and planter
areas and within three feet of structures. Provide line marker tape.

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

E. Install cables concealed in ceiling spaces, in gypsum board partitions and in hollow spaces of
interior masonry walls in dry locations.

F.  Where cables are installed above new or existing accessible tile ceilings they shall be supported
by acoustical tile support clips so the cables do not rest on the ceiling tiles.

G.  Where cables are not fished in existing spaces they shall be securely fastened to the building
structure at intervals prescribed by the NEC and not pulled through rings or wiring harnesses.

H.  Use manufacturer-approved pulling compound or lubricant where necessary; compound used
must not deteriorate conductor or insulation. Do not exceed manufacturer's recommended
maximum pulling tensions and sidewall pressure values.

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

J. Pull no more than one 3-phase circuit or three consecutive 1-phase circuits in same raceway
unless otherwise indicated.

K. The grounded circuit conductors, or neutral conductors, for lighting circuits being controlled by
switches or dimmers shall be provided at the switch and dimmer locations and shall be
connected to the appropriate terminal on the switches and dimmers if one is present.

L.  Support cables according to Electrical Specification Section "Hangers and Supports for
Electrical Systems."

M.  Bundle incoming and outgoing feeder conductors together in switchboards and wrap with wire
ties 6-inches on center up to within 6-inches of their termination. Ties shall be of sufficient
strength to withstand device short circuit rating.

N.  Seal around cables penetrating fire-rated elements according to Electrical Specification

Section--"Penetration Firestopping."

O. ldentify and color-code conductors and cables according to Electrical Specification Section
"ldentification for Electrical Systems."”

P. Photovoltaic system wiring run exposed outside of or on a building or structure they shall

follow the structural members where the locations of the structural members can be easily
determined.
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3.4

3.5

Photovoltaic system wiring run embedded or concealed in building finishes shall be physically
protected and identified as being photovoltaic system wiring.

Photovoltaic system wiring run inside a building or structure they shall be run in metal conduit
or metal raceway.
CONNECTIONS

Branch circuit and feeder taps shall be full circuit size up to their overcurrent protection device
unless otherwise indicated.

Taps and splices for branch circuits and feeders larger than #10 AWG shall be made with
Burndy “Insul-Tap” Type BIPC, or approved equal, insulation piercing connectors or Burndy
“Hylug”, or approved equal, compression splices.

Taps and splices for branch circuits and feeders #10 AWG and smaller shall be made with Ideal
Models 410, 411 and 412 crimp connectors, or approved equal, with Models 415 or 417
insulated caps.

Connections to fixture and motor leads #10 AWG and smaller shall be made with 3M
"Scotchlok" pre-insulated spring pressure connectors Types Y, R or G or approved equal.

Stranded wiring conductors shall be made up to screw terminals of terminal blocks with 3M,
T&B or Panduit locking fork crimp terminals with nylon insulated grips.

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

Make splices and taps that are compatible with conductor material and that possess equivalent
or better mechanical strength and insulation ratings than unspliced conductors.

Wiring at Outlets: Install conductor at each outlet, with at least 12 inches (300 mm) of slack.

SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS

Coordinate sleeve selection and application with selection and application of firestopping
specified in Thermal and Moisture Protection Section "Penetration Firestopping” and Electrical
Specification Section "Basic Electrical Materials and Methods."

Concrete Slabs and Walls: Install sleeves for penetrations unless core-drilled holes or formed
openings are used. Install sleeves during erection of slabs and walls.

Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
Rectangular Sleeve Minimum Metal Thickness:

1. For sleeve rectangle perimeter less than 50 inches (1270 mm) and no side greater than 16
inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
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3.7

2. For sleeve rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 or
more sides equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch
(3.5 mm).

Fire-Rated Assemblies: Install sleeves for penetrations of fire-rated floor and wall assemblies
unless openings compatible with firestop system used are fabricated during construction of floor
or wall.

Cut sleeves to length for mounting flush with both wall surfaces.
Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.

Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable
unless sleeve seal is to be installed or unless seismic criteria require different clearance.

Seal space outside of sleeves with grout for penetrations of concrete and masonry [and with
approved joint compound for gypsum board assemblies].

Interior Penetrations of Non-Fire-Rated Walls and Floors: Seal annular space between sleeve
and cable, using joint sealant appropriate for size, depth, and location of joint according to
Thermal and Moisture Protection Section "Joint Sealants” and Electrical Specification Section
"Basic Electrical Materials and Methods."

Fire-Rated-Assembly Penetrations: Maintain indicated fire rating of walls, partitions, ceilings,
and floors at cable penetrations. Install sleeves and seal with firestop materials according to
Thermal and Moisture Protection "Penetration Firestopping” and Electrical Specification
Section "Basic Electrical Materials and Methods."

Roof-Penetration Sleeves: Seal penetration of individual cables with flexible boot-type flashing
units applied in coordination with roofing work.

Aboveground Exterior-Wall Penetrations: Seal penetrations using sleeves and mechanical
sleeve seals. Size sleeves to allow for 1-inch (25-mm) annular clear space between pipe and
sleeve for installing mechanical sleeve seals.

Underground Exterior-Wall Penetrations: Install cast-iron "wall pipes" for sleeves. Size
sleeves to allow for 1-inch (25-mm) annular clear space between cable and sleeve for installing
mechanical sleeve seals.

FIRESTOPPING

Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore
original fire-resistance rating of assembly according to Fhermal-and—Moisture—Protection

Section—Penetration—Firestopping—and Electrical Specification Section “Basic—Electrical
Materials-and-Methods" "Penetration Firestopping"™.

FIELD QUALITY CONTROL

Perform tests and inspections and prepare test reports.
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B.  Tests and Inspections:

1.  After installing conductors and cables and before electrical circuitry has been energized,
test [service entrance and feeder conductors and conductors feeding the following critical
equipment and services] for compliance with requirements.

2. Visual and Mechanical Inspections: Include the following inspections and related work.

Verify cables and conductors comply with contract documents.

Verify cables and conductors are braced for short circuit stresses where specified.

C. Verify cables and conductors are correctly identified at each termination, splice
and tap where applicable.

d. Verify correct phase rotation is maintained throughout project.

e. Verify color coding and identification comply with specifications and the National

Electrical Code.

oo

f. Inspect all exposed sections of cables and conductors for physical damage and
correct connection.
g. Inspect all bolted and compression connections.

3. Electrical Tests: Include the following items.
a. Insulation resistance tests of all conductors, cables and connections.

4, Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.

5. Verify phase identification is A, B, C, left to right, front to back and top to bottom. If
corrections are required change feeder and branch circuit identification at each end of
circuit so that correct phase identification is maintained throughout the project. If
incorrect identification is noted on existing systems notify the Architect/Engineer for
action to be taken.

6. Perform the following infrared scan tests and inspections and prepare reports:

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days
after Final Acceptance, perform an infrared scan of each splice and termination in
feeder cables and conductors. Remove all covers so terminations, joints and
connections are accessible to portable scanner.

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of the
components 11 months after date of Substantial Completion.

C. Instrument and Equipment: Use an infrared scanning device designed to measure
temperature or to detect significant deviation from normal values. Provide
calibration record for device.

d. Record of Infrared Scanning: Prepare a certified report that identifies components
checked and that describes scanning results. Include the following:

1)  Item Identification.

2)  Date.
3) Time.
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4)  Location.

5)  Equipment Identification/Description.

6)  Component Identification/Description.

7)  Color Photograph of Component.

8)  Thermal Infrared Photograph of Component.

9)  Ambient Temperature.

10) Component Temperature, Phase 1.D. and whether line or load side.

11) Notation of and deficiencies or abnormalities, probable causes, and
recommendations.

C.  Test Reports: Prepare a written report to record the following:
1. Test procedures used.
2. Test results that comply with requirements.
3. Test results that do not comply with requirements and corrective action taken to achieve
compliance with requirements.

D.  Remove and replace malfunctioning units and retest as specified above.

END OF SECTION 260519
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SECTION 260523 - CONTROL-VOLTAGE ELECTRICAL POWER CABLES

PART 1 - GENERAL

11

A

1.2

1.3

14

15

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Multimode optical-fiber cabling.
UTP cabling.

RS-485 cabling.

Low-voltage control cabling.
Control-circuit conductors.
Identification products.

ocoukhwnNE

DEFINITIONS
EMI: Electromagnetic interference.

Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or
for remote-control and signaling power-limited circuits.

Plenum: A space forming part of the air distribution system to which one or more air ducts are
connected. An air duct is a passageway, other than a plenum, for transporting air to or from
heating, ventilating, or air-conditioning equipment.

RCDD: Registered Communications Distribution Designer.

UTP: Unshielded twisted pair.

ACTION SUBMITTALS

Product Data: For each type of product.

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified layout technician, installation supervisor, and field inspector.
Source quality-control reports.

Field quality-control reports.
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1.6

A

QUALITY ASSURANCE
Testing Agency Qualifications: Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD to
supervise on-site testing.

PART 2 - PRODUCTS

21

A

2.2

A

B.

C.

2.3

A

B.

24

A.

B.

SYSTEM DESCRIPTION

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.

PERFORMANCE REQUIREMENTS

Flame Travel and Smoke Density in Plenums: As determined by testing identical products
according to NFPA 262 by a qualified testing agency. ldentify products for installation in
plenums with appropriate markings of applicable testing agency.

1. Flame Travel Distance: 60 inches or less.

2. Peak Optical Smoke Density: 0.5 or less.

3. Average Optical Smoke Density: 0.15 or less.

Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As
determined by testing identical products according to UL 1666.

Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum
Building Spaces: As determined by testing identical products according to UL 1685.
BACKBOARDS

Description: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches . Comply with requirements
for plywood backing panels in Section 061000 "Rough Carpentry."

Painting: Paint plywood on all sides and edges with flat black latex paint. Comply with
requirements in Section 099123 "Interior Painting."
OPTICAL-FIBER CABLE

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

Manufacturers: Subject to compliance with requirements, provide product indicated on
Drawings or comparable product by one of the following:

1. Belden Inc.
2. CommScope, Inc.
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Corning Incorporated.

Emerson Connectivity Solutions.

General Cable Technologies Corporation.

Mohawk; a division of Belden Inc.

Nexans; Berk-Tek Products.
Siemon Company (The).

Superior Essex Inc.

SYSTIMAX Solutions; a CommScope, Inc. brand.

3M.

Tyco Electronics/AMP Netconnect; Tyco International Ltd.

Approved equal.

C.  Description: Multimode, 62.5/125-micrometer, 24-fiber, nonconductive, tight-buffer, optical-

fiber cable.

1.
2.

3.
4.

Comply with ICEA S-83-596 for mechanical properties.
Comply with TIA-568-C.3 for performance specifications.

Comply with TIA-492AAAA-B for detailed specifications.
Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying
with UL 444, UL 1651, and NFPA 70 for the following types:

a.
b.

C.

Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262.

Plenum Rated, Nonconductive: Type OFNP in listed plenum communications
raceway.

Plenum Rated, Nonconductive: Type OFN, Type OFNG, Type OFNP, or
Type OFNR in metallic conduit.

Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262;
Type OFNP in listed plenum communications raceway; or Type OFN,
Type OFNG, Type OFNP, or Type OFNR in metallic conduit.

Riser Rated, Nonconductive: Type OFNR or Type OFNP, complying with
UL 1666.

Riser Rated, Nonconductive: Type OFNP or Type OFNR in listed riser or plenum
communications raceway.

Riser Rated, Nonconductive: Type OFN, Type OFNG, Type OFNP, or
Type OFNR in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in
Ducts, Plenums, and Other Air-Handling Spaces."

General Purpose, Nonconductive: Type OFN or Type OFNG.

General Purpose, Nonconductive: Type OFNR or Type OFNP.

General Purpose, Nonconductive: Type OFN, Type OFNG, Type OFNP, or
Type OFNR in listed communications raceway.

General Purpose, Nonconductive: Type OFN, Type OFNG, Type OFNP, or
Type OFNR in metallic conduit.

Plenum Rated, Conductive: Type OFCPor Type OFNP, complying with
NFPA 262.

Plenum Rated, Conductive: Type OFCP, or Type OFNP in listed plenum
communications raceway.
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n. Plenum Rated, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG,
Type OFCP, Type OFNP, Type OFCR, or Type OFNR in metallic conduit
installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-
Handling Spaces."

0. Riser Rated, Conductive: Type OFCR;or Type OFNR, Type OFCP, or
Type OFNP; complying with UL 1666and ICEA S-103-701.

p. Riser Rated, Conductive: Type OFCP, Type OFNP, or Type OFCR or Type OFNP
in listed riser or plenum communications raceway.

g. Riser Rated, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG,
Type OFCP, Type OFNP, Type OFCR, or Type OFNR in metallic conduit.

r. General Purpose, Conductive: Type OFC or Type OFCG;or Type OFC,
Type OFN, Type OFCG, Type OFNG, Type OFCR, Type OFNR, Type OFCP, or
Type OFNP.

S. General Purpose, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG,
Type OFCP, Type OFNP, Type OFCR, or Type OFNR in listed communications
raceway.

t. General Purpose, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG,
Type OFCP, Type OFNP, Type OFCR, or Type OFNR in metallic conduit.

o

Conductive cable shall be steel-armored type.
Maximum Attenuation: 3.5 dB/km at 850 nm; 1.5 dB/km at 1300 nm.
7. Minimum Modal Bandwidth: 160 MHz-km at 850 nm; 500 MHz-km at 1300 nm.

S

D. Jacket:

1. Jacket Color: Aqua for 50/125 ,Orange for 62.5/125-micrometer cable.

Cable cordage jacket, fiber, unit, and group color shall be according to TIA-598-C.

3. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to
exceed 40 inches

n

2.5 OPTICAL-FIBER CABLE HARDWARE

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

Manufacturers: Subject to compliance with requirements, provide product indicated on
Drawings or comparable product by one of the following:

ADC.

American Technology Systems Industries, Inc.
Belden Inc.

Corning Incorporated.

Dynacom Inc.

Hubbell Incorporated.

Molex Premise Networks: a division of Molex, Inc.
Panduit Corp.

Siemon Company (The).

0. Approved equal.

Boo~NooRwNE

CONTROL-VOLTAGE ELECTRICAL POWER CABLES 260523 - 4



2.6

Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable
connectors.

1. Number of Connectors per Field:One for each fiber of cable or cables assigned to field,
plus spares and blank positions adequate to suit specified expansion criteria.

Patch Cords: Factory-made, dual-fiber cables in 36-inch lengths.
Cable Connecting Hardware:

1. Comply with Optical-Fiber Connector Intermateability Standards (FOCIS) specifications
of TIA-604-2-B, TIA-604-3-B, and TIA/EIA-604-12. Comply with TIA-568-C.3.

2. Quick-connect, simplex and duplex, TypeSC, Type ST, TypelLC, Type MT-
RJconnectors. Insertion loss of not more than 0.75 dB.

3. Type SFF connectors may be used in termination racks, panels, and equipment packages.

UTP CABLE

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

Basis-of-Design Product: Subject to compliance with requirements, provide or comparable
product by one of the following:

ADC.

Alpha Wire Company; a division of Belden Inc.
Belden Inc.

CommScope, Inc.

Draka Cableteg USA.

Genesis Cable Products; Honeywell International, Inc.
Mohawk; a division of Belden Inc.

Nexans; Berk-Tek Products.

Siemon Company (The).

10.  Superior Essex Inc.

11. SYSTIMAX Solutions; a CommScope, Inc. brand.
12. 3M.

13.  Tyco Electronicss AMP Netconnect; Tyco International Ltd.
14.  Approved equal.

COoNORWNE

Description: 100-ohm, four-pair UTP, 24-pair UTP, formed into four-pair binder groups with no
overall jacket,][, 25-pair UTP covered with a thermoplastic jacket].

Comply with ICEA S-90-661 for mechanical properties of Category 5e cables.
Comply with ICEA S-102-700 for mechanical properties of Category 6 cables.
Comply with TIA-568-C.1 for performance specifications.

Comply with TIA-568-C.2, Category 6

N
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5. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying
with NEMA WC 66, UL 444 and NFPA 70 for the following types:

a.

b.

Communications, Plenum Rated: Type CMP complying with UL 1685 or
Type CMP in listed plenum communications raceway.

Communications, Plenum Rated: Type CM, Type CMG, Type CMP, Type CMR,
or Type CMX in metallic conduit installed per NFPA 70, Article 300.22, "Wiring
in Ducts, Plenums, and Other Air-Handling Spaces."

Communications, Riser Rated: Type CMR complying with UL 1666 and ICEA S-
103-701.

Communications, Riser Rated: Type CMP, or Type CMR in listed plenum or riser
communications raceway.

Communications, Riser Rated: Type CMP or Type CMR in metallic conduit
installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-
Handling Spaces."

Communications, General Purpose: Type CM or Type CMG[; or Type CM,
Type CMG, Type CMP, or Type CMR in listed communications raceways.
Communications, General Purpose: Type CM, Type CMG, Type CMP,
Type CMR, or Type CMX in metallic conduit installed per NFPA 70,
Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces.”

Communications, Limited Purpose: Type CMX[;or Type CM, Type CMG,
Type CMP, or Type CMR.

2.7 UTP CABLE HARDWARE

A.  Manufacturers: Subject to compliance with requirements provide products by one of the

following:

B.  Basis-of-Design Product: Subject to compliance with requirements, provide product indicated

on Drawings or comparable product by one of the following:

ADC.
American Technology Systems Industries, Inc.

Belden Inc.

Dynacom Inc.
Hubbell Incorporated.

Leviton Commercial Networks Division.

Molex Premise Networks; a division of Molex, Inc.

Panduit Corp.
Siemon Company (The).

Tyco Electronicssf AMP Netconnect; Tyco International Ltd.

RRooo~NOoOORWNE

= o

Approved equal.
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C.  General Requirements for Cable Connecting Hardware: Comply with TIA/EIA-568-C.2, IDC
type, with modules designed for punch-down caps or tools. Cables shall be terminated with
connecting hardware of same category or higher.

D.  Connecting Blocks: 110-style IDC for Category 6 . Provide blocks for the number of cables
terminated on the block, plus 25 percent spare. Integral with connector bodies, including plugs
and jacks where indicated.

E.  Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and
permit interconnection between cables.

1. Number of Terminals per Field: One for each conductor in assigned cables.

F. Patch Panel: Modular panels housing multiple-numbered jack units with IDC-type connectors at
each jack for permanent termination of pair groups of installed cables.

1. Number of Jacks per Field: One for each four-pair UTP cable indicated, conductor group
of indicated cables, plus spares and blank positions adequate to suit specified expansion
criteria.

G.  Jacks and Jack Assemblies: 100-ohm, balanced, twisted-pair connector; four-pair, eight-position
modular. Comply with TIA/EIA-568-C.1.

H.  Patch Cords: Factory-made, four-pair cables in 36-inch lengths; terminated with eight-position
modular plug at each end.

1. Patch cords shall have bend-relief-compliant boots and color-coded icons to ensure
Category 6 performance. Patch cords shall have latch guards to protect against snagging.
2. Patch cords shall have color-coded boots for circuit identification.

I Workstation Outlets: as per drawings
J. Faceplates:

1. Plastic Faceplate: High-impact plastic. Coordinate color with Section 262726 "Wiring
Devices."

2. Metal Faceplate: Stainless steel , complying with requirements in Section 262726
"Wiring Devices."

3. For use with snap-in jacks accommodating any combination of UTP, optical-fiber, and
coaxial work area cords.

a. Flush-mounted jacks, positioning the cord at a 45-degree angle.
K.  Legend:
1. Factory labeled by silk-screening or engraving for faceplates.

2. Machine printed, in the field, using adhesive-tape label.
3. Snap-in, clear-label covers and machine-printed paper inserts.
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2.8

29

2.10

TWIN-AXIAL DATA HIGHWAY CABLE

Standard Cable: NFPA 70, Type CM. (As per owner hired installer)

1.

akrwnN

6.

Paired, (as per owners’ installer for data cabling) pairs, No. 20 AWG, stranded tinned-
copper conductors.

Polypropylene insulation.

Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.
PVC jacket.

Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain
wire.

Flame Resistance: Comply with UL 1685.

Plenum-Rated Cable: NFPA 70, Type CMP.

aRrONE

Paired, as per owner’s installer, No. 20 AWG, stranded tinned-copper conductors.

Plastic insulation.

Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.
Plastic jacket.

Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain
wire.

Flame Resistance: Comply with NFPA 262.

RS-485 CABLE (As per owner hired installer )

Standard Cable: NFPA 70, Type CMG.

grwbdE

Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper conductors.
PVC insulation.

Unshielded.

PVC jacket.

Flame Resistance: Comply with UL 1685.

Plenum-Rated Cable: NFPA 70, Type CMP.

PR

Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.
Fluorinated ethylene propylene insulation.

Unshielded.

Fluorinated ethylene propylene jacket.

Flame Resistance: NFPA 262.

LOW-VOLTAGE CONTROL CABLE(As per Owner hired installer)

Paired Cable: NFPA 70, Type CMG.

1.
2.
3.

Multi pair, twisted, No. 16 AWG, stranded (19x29)
PVC insulation.
Unshielded.

CONTROL-VOLTAGE ELECTRICAL POWER CABLES 260523 - 8



211

212

4. PVC jacket.
5. Flame Resistance: Comply with UL 1685.

Plenum-Rated, Paired Cable: NFPA 70, Type CMP.

Multi pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.
PVC insulation.

Unshielded.

PVC jacket.

PR

5. Flame Resistance: Comply with NFPA 262.

CONTROL-CIRCUIT CONDUCTORS

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

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
or comparable product by one of the following:

1. Encore Wire Corporation.
2. General Cable Technologies Corporation.
3. Southwire Company.

Class 1 Control Circuits: Stranded copper, Type THHN-2-THWN-2 in raceway, complying
with UL 44,UL 83.

Class 2 Control Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway Type XHHW-
2, in raceway power-limited cable, concealed in building finishes power-limited tray cable, in
cable tray, complying with UL 44, UL 83.

Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN-2-THWN-2, in
raceway Type XHHW-2, in raceway, power-limited cable, concealed in building finishes,
power-limited tray cable, in cable tray Type TW or Type TF, in raceway, complying with
UL 44 ,UL 83.

Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That Supply Critical
Circuits: Circuit Integrity (CI) cable.

1. Smoke control signhaling and control circuits.

SOURCE QUALITY CONTROL
Testing Agency: Owner will engage a qualified testing agency to evaluate cables.
Factory test UTP cables according to TIA-568-C.2.

Factory test optical-fiber cables according to TIA-568-C.3.
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D.  Cable will be considered defective if it does not pass tests and inspections.

E.  Prepare test and inspection reports.

PART 3 -EXECUTION

3.1 EXAMINATION (to be decided by installer hired by owner)

A.  Test cables on receipt at Project site.

1. Test optical-fiber cable to determine the continuity of the strand end to end. Use optical-
fiber flashlight, optical loss test set,optical-fiber flashlight or optical loss test set
2. Test optical-fiber cable on reels. Use an optical time domain reflectometer to verify the
cable length and locate cable defects, splices, and connector; include the loss value of
each. Retain test data and include the record in maintenance data.
3. Test each pair of UTP cable for open and short circuits.
3.2 INSTALLATION OF RACEWAYS AND BOXES

A.  Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for
raceway selection and installation requirements for boxes, conduits, and wireways as
supplemented or modified in this Section.

1.

2.

3.

Outlet boxes shall be no smaller than 2 inches wide, 3 inches high, and 2-1/2 inches
deep.

Outlet boxes for optical-fiber cables shall be no smaller than 4 inches square by 1-1/2
inches 2-1/8 inches deep with extension ring sized to bring edge of ring to within 1/8
inch of the finished wall surface.

Flexible metal conduit shall not be used.

B. Comply with TIA-569-B for pull-box sizing and length of conduit and number of bends
between pull points.

C. Install manufactured conduit sweeps and long-radius elbows if possible.

D. Raceway Installation in Equipment Rooms:

1.

RN

Position conduit ends adjacent to a corner on backboard if a single piece of plywood is
installed, or in the corner of the room if multiple sheets of plywood are installed around
perimeter walls of the room.

Install cable trays to route cables if conduits cannot be located in these positions.

Secure conduits to backboard if entering the room from overhead.

Extend conduits 3 inches above finished floor.

Install metal conduits with grounding bushings and connect with grounding conductor to
grounding system.

E.  Backboards: Install backboards with 96-inch dimension vertical. Butt adjacent sheets tightly
and form smooth gap-free corners and joints.
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3.3 INSTALLATION OF CONDUCTORS AND CABLES

A.  Comply with NECA 1 and NFPA 70.

General Requirements for Cabling:

1.
2.

3.

ok

10.
11.

Comply with TIA-568-C Series of standards.

Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems" and Ch. 6,
"Optical Fiber Structured Cabling Systems."

Terminate all conductors and optical fibers; no cable shall contain unterminated elements.
Make terminations only at indicated outlets, terminals, and cross-connect and patch
panels.

Cables may not be spliced.

Secure and support cables at intervals not exceeding 30 inches and not more than 6
inches from cabinets, boxes, fittings, outlets, racks, frames, and terminals.

Bundle, lace, and train conductors to terminal points without exceeding manufacturer's
limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5,
"Copper Structured Cabling Systems” and Ch. 6, "Optical Fiber Structured Cabling
Systems."” Install lacing bars and distribution spools.

Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable
between termination, tap, or junction points. Remove and discard cable if damaged
during installation and replace it with new cable.

Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use
heat lamps for heating.

Pulling Cable: Comply with BICSI ITSIMM, Ch.5, "Copper Structured Cabling
Systems" and Ch. 6, "Optical Fiber Structured Cabling Systems." Monitor cable pull
tensions.

Support: Do not allow cables to lay on removable ceiling tiles.

Secure: Fasten securely in place with hardware specifically designed and installed so as
to not damage cables.

C. UTP Cable Installation:

1.
2.

3.

Comply with TIA-568-C.2.

Install termination hardware as specified in Section 271500 "Communications Horizontal
Cabling" unless otherwise indicated.

Do not untwist UTP cables more than 1/2 inch at the point of termination to maintain
cable geometry.

D. Installation of Control-Circuit Conductors:

1.

Install wiring in raceways. Comply with requirements specified in Section 260533
"Raceways and Boxes for Electrical Systems."

E.  Optical-Fiber Cable Installation:

1.
2.

Comply with TIA-568-C.3.
Terminate cable on connecting hardware that is rack or cabinet mounted.

F. Open-Cable Installation:
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Install cabling with horizontal and vertical cable guides in telecommunications spaces
with terminating hardware and interconnection equipment.

Suspend copper cable not in a wireway or pathway a minimum of 8 inches above
ceilings by cable supports not more than 30 inches apart.

Cable shall not be run through or on structural members or in contact with pipes, ducts, or
other potentially damaging items. Do not run cables between structural members and
corrugated panels.

G. Installation of Cable Routed Exposed under Raised Floors:

1.
2.
3.

Install plenum-rated cable only.

Install cabling after the flooring system has been installed in raised floor areas.

Below each feed point, neatly coil a minimum of 72 inches of cable in a coil not less
than 12 inches in diameter.

H.  Separation from EMI Sources:

1.

Comply with BICSI TDMM and TIA-569-B recommendations for separating unshielded
copper voice and data communications cable from potential EMI sources including
electrical power lines and equipment.

Separation between open communications cables or cables in nonmetallic raceways and
unshielded power conductors and electrical equipment shall be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5 inches .

b. Electrical Equipment or Circuit Rating between 2 and 5 KVA: A minimum of 12
inches.

C. Electrical Equipment or Circuit Rating More Than 5 kKVA: A minimum of 24
inches.

Separation between communications cables in grounded metallic raceways and
unshielded power lines or electrical equipment shall be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-1/2
inches (64 mm).

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 6
inches (150 mm).

C. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12
inches (305 mm).

Separation between communications cables in grounded metallic raceways and power
lines and electrical equipment located in grounded metallic conduits or enclosures shall
be as follows:

a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.

b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 3
inches (75 mm).

C. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6 inches
(150 mm).

Separation between Communications Cables and Electrical Motors and Transformers, 5
kVA or 5 HP and Larger: A minimum of 48 inches (1200 mm).
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3.4

3.5

3.6

3.8

3.9

6. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5
inches (127 mm).

REMOVAL OF CONDUCTORS AND CABLES

Remove abandoned conductors and cables. Abandoned conductors and cables are those

installed that are not terminated at equipment and are not identified for future use with a tag.

CONTROL-CIRCUIT CONDUCTORS

Minimum Conductor Sizes:

1. Class 1 remote-control and signal circuits; [No 14] AWG.

2. Class 2 low-energy, remote-control, and signal circuits; No. 16 AWG.

3. Class 3 low-energy, remote-control, alarm, and signal circuits; [No 12] AWG.

FIRESTOPPING

Comply with requirements in Section 078413 "Penetration Firestopping."”

Comply with TIA-569-B, Annex A, "Firestopping.”

Comply with BICSI TDMM, "Firestopping™ Chapter.

GROUNDING

For data communication wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM,
"Bonding and Grounding (Earthing)" Chapter.

For low-voltage control wiring and cabling, comply with requirements in Section 260526
"Grounding and Bonding for Electrical Systems."
IDENTIFICATION

Comply with requirements for identification specified in Section 260553 "lIdentification for
Electrical Systems."”

Identify data and communications system components, wiring, and cabling according to TIA-
606-A,; label printers shall use label stocks, laminating adhesives, and inks complying with
UL 969.

FIELD QUALITY CONTROL

Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
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B.  Manufacturer's Field Service: Engage a factory-authorized service representative to test and
inspect components, assemblies, and equipment installations, including connections.

C.  Perform the following tests and inspections with the assistance of a factory-authorized service
representative:

1. Visually inspect UTP and optical-fiber cable jacket materials for UL or third-party
certification markings. Inspect cabling terminations to confirm color-coding for pin
assignments, and inspect cabling connections to confirm compliance with TIA-568-C.1.

2. Visually inspect cable placement, cable termination, grounding and bonding, equipment
and patch cords, and labeling of all components.

3. Test UTP cabling for direct-current loop resistance, shorts, opens, intermittent faults, and
polarity between conductors. Test operation of shorting bars in connection blocks. Test
cables after termination but not after cross-connection.

a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.2.
Perform tests with a tester that complies with performance requirements in "Test
Instruments (Normative)" Annex, complying with measurement accuracy specified
in "Measurement Accuracy (Informative)" Annex. Use only test cords and adapters
that are qualified by test equipment manufacturer for channel or link test
configuration.

4, Optical-Fiber Cable Tests:
a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.0.
Use only test cords and adapters that are qualified by test equipment manufacturer
for channel or link test configuration.
b. Link End-to-End Attenuation Tests:
1) Multimode Link Measurements: Test at 850 or 1300 nm in one direction
according to TIA/EIA-526-14-A, Method B, One Reference Jumper.
2)  Attenuation test results for links shall be less than 2.0 dB
D. Document data for each measurement. Print data for submittals in a summary report that is
formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument
to the computer, save as text files, print, and submit.
E. End-to-end cabling will be considered defective if it does not pass tests and inspections.

F. Prepare test and inspection reports.

END OF SECTION 260523
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SECTION 260526 - GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11 RELATED DOCUMENTS
A-  Drawings and general provisions of the Contract, including General and Supplementary
Conditions and General Requirements Specification Sections, apply to this Section.
1.2 SUMMARY
A.  This Section includes methods and materials for grounding systems and equipment:
1. Overhead-lines grounding- NOT USED

2. Underground distribution grounding.
3. Common ground bonding with lightning protection system.

13 SUBMITTALS
A.  Product Data: For each type of product indicated.

Other Informational Submittals: Plans showing dimensioned as-built locations of grounding
features specified in Part 3 "Field Quality Control" Article, including the following:

Test wells.

Ground rods.

Ground rings.

Grounding arrangements and connections for separately derived systems.
Grounding for sensitive electronic equipment.

aghwbdE

C.  Operation and Maintenance Data: For grounding to include the following in emergency,
operation, and maintenance manuals:

1. Instructions for periodic testing and inspection of grounding features
a. Tests shall be to determine if ground resistance or impedance values remain within
specified maximums, and instructions shall recommend corrective action if they do
b. Inr?éiude recommended testing intervals.
14 QUALITY ASSURANCE
A.  Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70,

Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for
intended use.
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B.

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

PART 2 - PRODUCTS

A

A

2.1

2.2

CONDUCTORS

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

Bare Copper Conductors:

1. Solid Conductors: ASTM B 3.
2. Stranded Conductors: ASTM B 8.
3. Tinned Conductors: ASTM B 33.

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

diameter.

Bonding Conductor: No. 4 or No. 6 AWG, stranded conductor.

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

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

o

Bare Grounding Conductor and Conductor Protector for Wood Poles:

1. No. 4 AWG minimum, soft-drawn copper.
2. Conductor Protector: Half-round PVC or wood molding. If wood, use pressure-treated
fir or cypress or cedar.

Grounding Bus: Rectangular bars of annealed copper, 1/4 by 2 inches (6 by 50 mm) in cross
section, unless otherwise indicated; with insulators.

CONNECTORS
Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having
jurisdiction for applications in which used, and for specific types, sizes, and combinations of

conductors and other items connected.

Bolted Connectors for Conductors and Pipes: Copper or copper alloy, bolted pressure-type,
with at least two bolts.

1. Pipe Connectors: Clamp type, sized for pipe.

Welded Connectors: Exothermic-welding kits of types recommended by kit manufacturer for
materials being joined and installation conditions.

Intersystem Bonding Termination Device: A bonding bar or listed device for connecting data,
alarm, communication and lightning protection systems.
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E.  Solar Photovoltaic Systems: Lugs for connecting aluminum solar panel frames and structures to
the copper grounding conductor shall be UL 427 Listed for the purpose. Eritech EL6CS Series
with hardware, or "Approved" equal”.

GROUNDING ELECTRODES
F.  Ground Rods: Copper-clad [3/4 inch diameter by 10 feet long (19 mm diameter by 3 m long)]
G.  Retain paragraph and subparagraphs below if allowed by authorities having jurisdiction to
enhance grounding performance. Se
PART 3 - EXECUTION
APPLICATIONS

A. Conductors: Install solid conductor for No. 8 AWG and smaller, and stranded conductors for
No. 6 AWG and larger, unless otherwise indicated.

B.  Underground Grounding Conductors: Install bare copper conductor, No.2/0 AWG minimum.
1. Bury at least 24 inches (600 mm) below grade.

2. Duct-Bank Grounding Conductor: Bury 12 inches (300 mm) above duct bank when
indicated as part of duct-bank installation.

C. Isolated Grounding Conductors: Green-colored insulation with continuous yellow stripe. On
feeders with isolated ground, identify grounding conductor where visible to normal inspection,
with alternating bands of green and yellow tape, with at least three bands of green and two
bands of yellow.

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

1. Install bus on insulated spacers 1 inch (25 mm), minimum, from wall 6 inches (150 mm)
above finished floor, unless otherwise indicated.

2. Where indicated on both sides of doorways, route bus up to top of door frame, across top
of doorway, down to specified height above floor, and connect to horizontal bus.

E. Conductor Terminations and Connections:

=

Pipe and Equipment Grounding Conductor Terminations: Bolted connectors.

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

Connections to Ground Rods at Test Wells: Bolted connectors.

Connections to Structural Steel: Welded connectors.

Pow

3.2 EQUIPMENT GROUNDING

A. Install insulated equipment grounding conductors with all feeders and branch circuits.
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B.  Install insulated equipment grounding conductors with the following items, in addition to those
required by NFPA 70:

Feeders and branch circuits.

Lighting circuits.

Receptacle circuits.

Single-phase motor and appliance branch circuits.

Three-phase motor and appliance branch circuits.

Flexible raceway runs.

Armored and metal-clad cable runs.

Busway Supply Circuits: Install insulated equipment grounding conductor from
grounding bus in the switchgear, switchboard, or distribution panel to equipment
grounding bar terminal on busway.

9. Computer and Rack-Mounted Electronic Equipment Circuits: Install insulated equipment
grounding conductor in branch-circuit runs from equipment-area power panels and
power-distribution units.

ONoORWNE

C.  Air-Duct Equipment Circuits: Install insulated equipment grounding conductor to duct-
mounted electrical devices operating at 120V and more, including air cleaners, heaters,
dampers, humidifiers, and other duct electrical equipment. Bond conductor to each unit and to
air duct and connected metallic piping.

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

E. Isolated Grounding Receptacle Circuits: Install an insulated equipment grounding conductor
connected to the receptacle grounding terminal. Isolate conductor from raceway and from
panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the
applicable derived system or service, unless otherwise indicated.

F. Isolated Equipment Enclosure Circuits: For designated equipment supplied by a branch circuit
or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway
fitting listed for the purpose. Install fitting where raceway enters enclosure, and install a
separate insulated equipment grounding conductor. Isolate conductor from raceway and from
panelboard grounding terminals. Terminate at equipment grounding conductor terminal of the
applicable derived system or service, unless otherwise indicated.

G. Signal and Communication Equipment: For telephone, alarm, voice and data, and other
communication equipment, provide No. 4 AWG minimum insulated grounding conductor in
raceway from grounding electrode system intersystem bonding termination device to each
service location, terminal cabinet, wiring closet, and central equipment location.

1. Service and Central Equipment Locations and Wiring Closets: Terminate grounding
conductor on a 1/4-by-2-by-12-inch (6-by-50-by-300-mm) grounding bus.
2. Terminal Cabinets: Terminate grounding conductor on cabinet grounding terminal.

H.  Poles Supporting Outdoor Lighting Fixtures: Install grounding electrode and a separate

insulated equipment grounding conductor in addition to grounding conductor installed with
branch-circuit conductors.
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3.3 INSTALLATION

A.  Grounding Conductors: Route along shortest and straightest paths possible, unless otherwise
indicated or required by Code. Avoid obstructing access or placing conductors where they may
be subjected to strain, impact, or damage.

B. Common Ground Bonding with Lightning Protection System: Comply with NFPA 780 and
UL 96 when interconnecting with lightning protection system. Bond electrical power system
ground directly to lightning protection system grounding conductor at closest point to electrical
service grounding electrode. Use bonding conductor sized same as system grounding electrode
conductor, and install in conduit.

C. Intersystem Bonding Termination Device: Locate in the service equipment or near a grounding
electrode conductor. Connect to the grounding electrode conductor with a #6 AWG copper
conductor or directly via a listed split or snap-in connector. The grounding electrode conductor
shall not be broken.

D.  Ground Rods: Drive rods until tops are 2 inches (50 mm) below finished floor or final grade,
unless otherwise indicated.

1. Interconnect ground rods with grounding electrode conductor below grade and as
otherwise indicated. Make connections without exposing steel or damaging coating, if
any.

2. For grounding electrode system, install at least three rods spaced at least one-rod length
from each other and located at least the same distance from other grounding electrodes,
and connect to the service grounding electrode conductor.

E.  Test Wells: Ground rod driven through drilled hole in bottom of handhole. Handholes are
specified in Electrical Specifications Section "Underground Ducts and Raceways for Electrical
Systems," and shall be at least 12 inches (300 mm) deep, with cover.

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

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

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

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

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

G.  Grounding and Bonding for Piping:
1. Metal Water Service Pipe: Install insulated copper grounding conductors, in conduit,

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

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

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

4. Gas appliances electrically connected by cord and plug shall have separate bonding
conductors connected to the branch circuit equipment grounding conductors at the outlets
serving the appliances. Bond each aboveground portion of gas piping system downstream
from equipment shutoff valve.

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

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

J. Ground Ring: Install a grounding conductor, electrically connected to each building structure
ground rod and to each steel column, extending around the perimeter of building.

1. Install tinned-copper conductor not less than No. [2/0] AWG for ground ring and for taps
to building steel.
2. Bury ground ring not less than [24 inches (600 mm)] from building foundation.

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

1. If concrete foundation is less than [20 feet (6 m)] long, coil excess conductor within base
of foundation.

2. Bond grounding conductor to reinforcing steel in at least four locations and to anchor
bolts. Extend grounding conductor below grade and connect to building grounding grid
or to grounding electrode external to concrete.

L.  Grounding for Cable Sleeves and Stubs:

1. Each metallic sleeve for cables passing through a non-fire-rated wall or slab between
metallic cable trays or from metallic cable trays to grounded or bonded equipment shall
contain an equipment grounding conductor to connect the cable tray equipment
grounding conductors and the equipment to provide effective continuity of the ground
path and shall be bonded to the cable trays and equipment at each end of the sleeve.

2. Each metallic sleeve for cables passing through a fire-rated wall or slab between metallic
cable trays or from metallic cable trays to grounded or bonded equipment shall contain an
equipment grounding conductor to connect the cable tray equipment grounding
conductors and the equipment to provide effective continuity of the ground path and shall
be bonded to the cable trays and equipment at each end of the sleeve. The bonding shall
not interfere with the design function of the fire stopping.
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Conduit stubs used for cables from wall outlets up to the ceiling space for transition to
metallic cable tray system and are terminate 30-inches or less from the cable tray or other
grounded or bonded object shall be bonded to the that cable tray or object.

FIELD QUALITY CONTROL

A.  Testing Agency: Owner will engage a qualified testing and inspecting agency to perform field
tests and inspections and prepare test reports.

B.  Testing Agency: Engage a qualified testing and inspecting agency to perform the following
field tests and inspections and prepare test reports:

C.  Perform the following tests and inspections and prepare test reports:

1.

2.

After installing grounding system but before permanent electrical circuits have been
energized, test for compliance with requirements.

Test completed grounding system at each location where a maximum ground-resistance
level is specified, at service disconnect enclosure grounding terminal , at ground test
wells, and at individual ground rods. Make tests at ground rods before any conductors
are connected.

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

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

Prepare dimensioned drawings locating each test well, ground rod and ground rod
assembly, and other grounding electrodes. Identify each by letter in alphabetical order,
and key to the record of tests and observations. Include the number of rods driven and
their depth at each location, and include observations of weather and other phenomena
that may affect test results. Describe measures taken to improve test results.

D.  Report measured ground resistances that exceed the following values:

1.
2.
3.

4.
5.
6

Power and Lighting Equipment or System with Capacity 500 kVA and Less: 10 ohms.
Power and Lighting Equipment or System with Capacity 500 to 1000 kVA: 5 OHMS
Power and Lighting Equipment or System with Capacity More Than 1000 kVA: [3]
ohms.

Power Distribution Units or Panelboards Serving Electronic Equipment: [3] ohm(s).
Substations and Pad-Mounted Equipment: [5] ohms.

Manhole Grounds: [10] ohms.

E.  Excessive Ground Resistance: If resistance to ground exceeds specified values, notify Architect
promptly and include recommendations to reduce ground resistance.

END OF SECTION 260526
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SECTION 260529 - HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

1.2

13

14

A

RELATED DOCUMENTS

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

This Section includes the following:

1. Hangers and supports for electrical equipment and systems.
2. Concrete equipment bases.

Related Sections include the following:

1. Electrical Specification Section "Electrical Supports and Seismic Restraints" for products
and installation requirements necessary for compliance with seismic criteria.

DEFINITIONS

EMT: Electrical metallic tubing.

IMC: Intermediate metal conduit.

RMC: Rigid metal conduit.

PERFORMANCE REQUIREMENTS

Delegated Design:  Design supports for multiple raceways, including comprehensive
engineering analysis by a qualified professional engineer, using performance requirements and
design criteria indicated.

Design supports for multiple raceways capable of supporting combined weight of supported
systems and its contents.

Design equipment supports capable of supporting combined operating weight of supported
equipment and connected systems and components.

Rated Strength: Adequate in tension, shear, and pullout force to resist maximum loads
calculated or imposed for this Project, with a minimum structural safety factor of five times the
applied force.
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15 SUBMITTALS
A.  Product Data: For the following:

1. Steel slotted support systems.
2. Nonmetallic slotted support systems.

B.  Shop Drawings: Signed and sealed by a qualified professional engineer hired by Contractor.
Show fabrication and installation details and include calculations for the following:

Trapeze hangers. Include Product Data for components.

Steel slotted channel systems. Include Product Data for components.
Nonmetallic slotted channel systems. Include Product Data for components.
Equipment supports.

PonNE

C.  Welding certificates.
D. Concrete
1. Action Submittals
a. Product Data: For each type of product indicated.
b. LEED Submittals:

1)  Product Data for Credit MR 4: For products having recycled content,
documentation indicating percentages by weight of postconsumer and
preconsumer recycled content. Include statement indicating cost for each
product having recycled content.

2)  Design Mixtures for Credit ID 1: For each concrete mixture containing fly
ash as a replacement for portland cement or other portland cement
replacements. For each design mixture submitted, include an equivalent
concrete mixture that does not contain portland cement replacements, to
determine amount of portland cement replaced.

C. Other Action Submittal:

1) Design Mixtures: For each concrete mixture.

2. Informational submittals

a. Qualification Data: For Installer, manufacturer, testing agency.

b.  Welding certificates.

C. Material Certificates: For each of the following, signed by manufacturers:
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1.6

1.7

1)  Cementitious materials.

2)  Admixtures.

3)  Form materials and form-release agents.
4)  Steel reinforcement and accessories.
5)  Fiber reinforcement.

6)  Waterstops.

7)  Curing compounds.

8)  Floor and slab treatments.

9) Bonding agents.

10) Adhesives.

11)  Vapor retarders.

12)  Semirigid joint filler.

13)  Joint-filler strips.

14) Repair materials.

d. Material Test Reports: For the following, from a qualified testing agency,
indicating compliance with requirements:

1)  Aggregates. Include service record data indicating absence of deleterious
expansion of concrete due to alkali aggregate reactivity.

e. Floor surface flatness and levelness measurements indicating compliance with
specified tolerances.

f. Field quality-control reports.

g. Minutes of preinstallation conference.

QUALITY ASSURANCE

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

Comply with NFPA 70.

COORDINATION

Coordinate size and location of concrete bases. Cast anchor-bolt inserts into bases. Concrete,
reinforcement, and formwork requirements are specified in "Concrete™ Division Specification
Sections.

Coordinate installation of roof curbs, equipment supports, and roof penetrations. These items
are specified in "Thermal and Moisture Protection™ Division Specification Section "Roof
Accessories."”

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS 260529 - 3



PART 2 -PRODUCTS

2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS

A.  Steel Slotted Support Systems: Comply with MFMA-4, factory-fabricated components for field

assembly.

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

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

a. Allied Tube & Conduit.

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

d.  GS Metals Corp.

e. Thomas & Betts Corporation.

f. Unistrut; Tyco International, Ltd.

g.  Approved equal.

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

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

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

6. Channel Dimensions: Selected for applicable load criteria.

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

1.

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

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

Allied Tube & Conduit.

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

Seasafe, Inc.

Approved equal.

Poo0ow

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

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

Rated Strength: Selected to suit applicable load criteria.
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C.  Raceway and Cable Supports: As described in NECA 1 and NECA 101.

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

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

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

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

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

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

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

1) Hilti Inc.

2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
3) MKT Fastening, LLC.

4)  Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit.
5)  Approved equal.

2. Mechanical-Expansion Anchors: Insert-wedge-type, [zinc-coated] [stainless] steel, for
use in hardened portland cement concrete with tension, shear, and pullout capacities
appropriate for supported loads and building materials in which used.

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

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

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

2) Empire Tool and Manufacturing Co., Inc.

3)  Hilti Inc.

4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
5)  MKT Fastening, LLC.

6)  Approved equal.

3. Concrete Inserts: Steel or malleable-iron, slotted support system units similar to MSS
Type 18; complying with MFMA-4 or MSS SP-58.
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2.2

2.3

24

4. Clamps for Attachment to Steel Structural Elements: MSS SP-58, type suitable for
attached structural element.

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

ASTM A 325.

Toggle Bolts: All-steel springhead type.

7. Hanger Rods: Threaded steel.

34

FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES

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

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

SUPPORT SYSTEMS NOT PERMITTED

Unless specifically indicated otherwise, or in accordance with the National Electrical Code and
with the written permission of the Engineer, the following means of securing or supporting shall
not be used.

1. Cables and raceways shall not be secured to or supported by ceiling grids.

2. Cables and raceways shall not be secured to or supported by ceiling support assemblies,
including ceiling support wires and rods.

3. Cables and raceways shall not be used as a means to support other cables and raceways.

4.  Cables, raceways and electrical equipment shall not be secured to or supported by piping,
ductwork or equipment of other trades.

CONCRETE BASES
General: Design electrical work concrete for 3000 psi 28-day compressive strength class:
Portland Cement: ASTM C 150 Type I, except as otherwise indicated.

Aggregates: ASTM C 33, except as otherwise indicated.

Local Aggregate not complying with ASTM C 33 but which have shown by special test or
actual service to produce concrete of adequate strength and durability may be used.

Water: Clean and free of substances harmful to concrete.

Mix for Patching: Where electrical work requires patching of exposed concrete, sidewalks or
curbing which has been cut to accommodate electrical work, provide concrete patching mix of
work being patched (same cement, aggregates, admixtures and proportioning).

Job Site Mixing: Mix materials for concrete in drum-type batch machine mixer. For mixers of
1.0 cu. yd., or smaller capacity, continue mixing at least 1-1/2 minutes, but not more than 5
minutes after all ingredients are in mixer, before any part of batch is released.
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Forms for Concrete: Smooth lumber, plywood or other easy release material; reinforced to
prevent excessive deflection or possibility of failure during placement of concrete; sufficiently
heavy for construction to prevent leakage which would be harmful to structural quality of
concrete.

Exposed Corner Chamfer Strips: Provide wood, metal, plastic or rubber chamfer strips in forms
at exposed external corners of concrete.

Form Coating Compound: Commercially formulated compound, which will prevent bond of
concrete to forms. Provide compound recommended by manufacturer for application indicated,
and which will not stain concrete or subsequent painting of exposed surfaces.

Reinforcing Bars: Except as otherwise indicated, provide ASTM A 615, deformed, Grade 40 for
size numbers 3 through 18; ASTM A 675, plain, Grade 50, for size number 2; sizes as shown.

Steel Wire: ASTM A 82, plain, cold-drawn.

PART 3 -EXECUTION

3.1

A

APPLICATION

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

Maximum Support Spacing and Minimum Hanger Rod Size for Raceway: Space supports for
EMT , IMC, and RMC NFPA 70. Minimum rod size shall be 1/4 inch (6 mm) in diameter.

Multiple Raceways or Cables: Install trapeze-type supports fabricated with steel slotted
support system, sized so capacity can be increased by at least 25 percent in future without
exceeding specified design load limits.

1. Secure raceways and cables to these supports with single-bolt conduit clamps or single-
bolt conduit clamps using spring friction action for retention in support channel.

Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-
1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems
above suspended ceilings and for fastening raceways to trapeze supports.

Damp Locations and Outdoors: Hot-dip galvanized materials or nonmetallic, U-channel system
components.

Dry Locations: Steel materials.
Support Clamps for PVC Raceways: Click-type clamp system.
Selection of Supports: Comply with manufacturer's written instructions.

Strength of Supports: Adequate to carry present and future loads, times a safety factor of at
least four; minimum of 200-Ib (90-kg) design load.
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3.2

SUPPORT INSTALLATION

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

Comply with mounting and anchoring requirements specified in Electrical Specification Section
“Electrical Supports and Seismic Restraints”.

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

Strength of Support Assemblies: Where not indicated, select sizes of components so strength
will be adequate to carry present and future static loads within specified loading limits.
Minimum static design load used for strength determination shall be weight of supported
components plus 200 Ib (90 kg).

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

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

2. To New Concrete: Bolt to concrete inserts.

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

4. To Existing Concrete: Expansion anchor fasteners.

5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock
washers and nuts may be used in existing standard-weight concrete 4 inches (100 mm)
thick or greater. Do not use for anchorage to lightweight-aggregate concrete or for slabs
less than 4 inches (100 mm) thick.

>

To Steel Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69]

To Light Steel: Sheet metal screws.

8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces: Mount cabinets,
panelboards, disconnect switches, control enclosures, pull and junction boxes,
transformers, and other devices on slotted-channel racks attached to substrate by means
that meet seismic-restraint strength and anchorage requirements.

~

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

Install support devices to securely and permanently fasten and support electrical components.
Install individual and multiple raceway hangers and riser clamps to support raceways. Provide
U-bolts, clamps, attachments, and other hardware necessary for hanger assemblies and for
securing hanger rods and conduits.

Support parallel runs of horizontal raceways together on trapeze- or bracket-type hangers.

Size supports for multiple raceway installations so capacity can be increased by a 25 percent
minimum in the future.
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3.3

Support individual horizontal raceways with separate, malleable-iron pipe hangers or clamps.

Install 1/4-inch- (6-mm-) diameter or larger threaded steel hanger rods, unless otherwise
indicated.

Spring-steel fasteners specifically designed for supporting single conduits or tubing may be
used instead of malleable-iron hangers for 1-1/2-inch (38-mm) and smaller raceways serving
lighting and receptacle branch circuits above suspended ceilings and for fastening raceways to
slotted channel and angle supports.

Arrange supports in vertical runs so the weight of raceways and enclosed conductors is carried
entirely by raceway supports, with no weight load on raceway terminals.

Simultaneously install vertical conductor supports with conductors.

Separately support cast boxes that are threaded to raceways and used for fixture support.
Support sheet metal boxes directly from the building structure or by bar hangers. If bar hangers
are used, attach bar to raceways on opposite sides of the box and support the raceway with an
approved fastener not more than 24 inches (610 mm) from the box.

Install metal channel racks for mounting cabinets, panelboards, disconnect switches, control
enclosures, pull and junction boxes, transformers, and other devices unless components are
mounted directly to structural elements of adequate strength.

Install sleeves for cable and raceway penetrations of concrete slabs and walls unless core-drilled
holes are used. Install sleeves for cable and raceway penetrations of masonry and fire-rated
gypsum walls and of all other fire-rated floor and wall assemblies. Install sleeves during
erection of concrete and masonry walls.

Provide bushings on each end of sleeves used for cables. Use insulated bushings on sleeves 1-
1/4-inch and larger.

Do not support lighting fixtures, equipment, etc. from metal decks; provide channel iron
spanning and fastened to two adjacent joists, beams, purlins, columns or girts to support
anything heavier than branch circuit conduit and wiring.

INSTALLATION OF FABRICATED METAL SUPPORTS

Comply with installation requirements in "Metals” Division Specification Section "Metal
Fabrications” for site-fabricated metal supports.

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

Field Welding: Comply with AWS D1.1/D1.1M.
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3.5

CONCRETE BASES

Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in
both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters
from edge of the base.

Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete.  Concrete materials,
reinforcement, and placement requirements are specified in "Concrete™ Division Specification
Section.

Anchor equipment to concrete base.

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

embedded.
2. Install anchor bolts to elevations required for proper attachment to supported equipment.
3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.
PAINTING

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

1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05
mm).

Touchup: Comply with requirements in "Finishes" Division Specification Sections "Painting"
and "High Performance Coatings" for cleaning and touchup painting of field welds, bolted
connections, and abraded areas of shop paint on miscellaneous metal.

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

END OF SECTION 260529
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SECTION 260533 - RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

1.2

A

o 0 w »

m

SUMMARY

Section Includes:

NogokrwnE

Metal conduits, tubing, and fittings.

Nonmetal conduits, tubing, and fittings.

Metal wireways and auxiliary gutters.

Nonmetal wireways and auxiliary gutters.

Surface raceways.

Boxes, enclosures, and cabinets.

Handholes and boxes for exterior underground cabling.

Related Requirements:

1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior
ductbanks, manholes, and underground utility construction.

2. Section 270528 "Pathways for Communications Systems” for conduits, wireways,
surface pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and
handholes serving communications systems.

3. Section 280528 "Pathways for Electronic Safety and Security” for conduits, surface
pathways, innerduct, boxes, and faceplate adapters serving electronic safety and security.

DEFINITIONS

EMT: Electrical metallic tubing.

ENT: Electrical nonmetallic tubing.

FMC: Flexible metal conduit.

GRC: Galvanized rigid steel conduit.

LFMC: Liquidtight flexible metal conduit.

LFNC: Liquidtight flexible nonmetallic conduit.

PVC: Polyvinyl chloride conduit.

RNC: Rigid nonmetallic conduit.
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1.3

14

ACTION SUBMITTALS

Product Data: For surface raceways, wireways and fittings, floor boxes, hinged-cover
enclosures, and cabinets.

Shop Drawings: For custom enclosures and cabinets. Include plans, elevations, sections, and
attachment details.

Samples: For wireways nonmetallic wireways and surface raceways and for each color and
texture specified, 12 inches (300 mm) long.

INFORMATIONAL SUBMITTALS

Coordination Drawings: Conduit routing plans, drawn to scale, on which the following items
are shown and coordinated with each other, using input from installers of items involved:

1. Structural members in paths of conduit groups with common supports.
2. HVAC and plumbing items and architectural features in paths of conduit groups with
common supports.

Qualification Data: For professional engineer.

Seismic Qualification Certificates: For enclosures, cabinets, and conduit racks and their
mounting provisions; including those for internal components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate
and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.

4. Detailed description of conduit support devices and interconnections on which the
certification is based and their installation requirements.

Source quality-control reports.

PART 2 -PRODUCTS

21

A

METAL CONDUITS, TUBING, AND FITTINGS

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

AFC Cable Systems, Inc.

Allied Tube & Conduit; a Tyco International Ltd. Co.

Anamet Electrical, Inc.

Electri-Flex Company.

0-Z/Gedney; a brand of EGS Electrical Group.

Picoma Industries, a subsidiary of Mueller Water Products, Inc.
Republic Conduit.

NogokwbhE
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2.2

8. Robroy Industries.

9. Southwire Company.

10. Thomas & Betts Corporation.

11.  Western Tube and Conduit Corporation.

12.  Wheatland Tube Company; a division of John Maneely Company.
13.  Approved equal.

Listing and Labeling: Metal conduits, tubing, and fittings shall be listed and labeled as defined
in NFPA 70, by a qualified testing agency, and marked for intended location and application.

GRC: Comply with ANSI C80.1 and UL 6.

ARC: Comply with ANSI C80.5 and UL 6A.

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

PVC-Coated Steel Conduit: PVC-coated , rigid steel conduit, IMC.

1. Comply with NEMA RN 1.
2. Coating Thickness: 0.040 inch (1 mm), minimum.

EMT: Comply with ANSI C80.3 and UL 797.

FMC: Comply with UL 1; zinc-coated steel

LFMC: Flexible steel conduit with PVC jacket and complying with UL 360.
Fittings for Metal Conduit: Comply with NEMA FB 1 and UL 514B.

1. Conduit Fittings for Hazardous (Classified) Locations: Comply with UL 886 and
NFPA 70.
2. Fittings for EMT:

a. Material: Steel
b. Type: compression, [raintight for outdoor applications],

3. Expansion Fittings: PVC or steel to match conduit type, complying with UL 651, rated
for environmental conditions where installed, and including flexible external bonding
jumper.

4. Coating for Fittings for PVC-Coated Conduit: Minimum thickness of 0.040 inch (1 mm),
with overlapping sleeves protecting threaded joints.

Joint Compound for IMC, GRC, or ARC: Approved, as defined in NFPA 70, by authorities
having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and
protect threaded conduit joints from corrosion and to enhance their conductivity.

NONMETALLIC CONDUITS, TUBING, AND FITTINGS

Manufacturers: Subject to compliance with requirements, available manufacturers offering
products that may be incorporated into the Work include, but are not limited to, the following:
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AFC Cable Systems, Inc.
Anamet Electrical, Inc.
Arnco Corporation.
CANTEX Inc.

CertainTeed Corp.

Condux International, Inc.
Electri-Flex Company.
Kraloy.

Lamson & Sessions; Carlon Electrical Products.
10. Niedax-Kleinhuis USA, Inc.
11. RACO; a Hubbell company.
12.  Thomas & Betts Corporation.
13.  Approved equal.

CoNARWNE

B.  Listing and Labeling: Nonmetallic conduits, tubing, and fittings shall be listed and labeled as
defined in NFPA 70, by a qualified testing agency, and marked for intended location and
application.

C. ENT: Comply with NEMA TC 13 and UL 1653.

D. RNC: Type EPC-40-PVC , complying with NEMA TC 2 and UL 651 unless otherwise
indicated.

E.  LFNC: Comply with UL 1660.
F.  Rigid HDPE: Comply with UL 651A.

Continuous HDPE: Comply with UL 651B.

r @

Coilable HDPE: Preassembled with conductors or cables, and complying with ASTM D 3485.

RTRC: Comply with UL 1684A and NEMA TC 14.

J. Fittings for ENT and RNC: Comply with NEMA TC 3; match to conduit or tubing type and
material.

K.  Fittings for LFNC: Comply with UL 514B.

L.  Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less,
respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

M.  Solvent cements and adhesive primers shall comply with the testing and product requirements
of the California Department of Health Services' "Standard Practice for the Testing of Volatile
Organic Emissions from Various Sources Using Small-Scale Environmental Chambers."

N.  Transition to metal conduit or connect to metal floor boxes with concrete tight fittings.

1. Use female adapter for transition to galvanized threaded rigid steel conduit.

2. Use female adapter and EMT connector for transition to electrical metallic tubing.
3. Use male terminal adapters for connection to cast metal floor boxes.
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2.3

24

2.5

4. Use male terminal adapters with flat washers and PVC locknuts for connection to
stamped steel floor boxes.

OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS

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

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

Arnco Corporation

Endot Industries, Inc.

IPEX, Inc.

Lamson & Sessions; Carlon Electrical Products.
Approved equal.

ohwbdE

Description: Comply with UL 2024; flexible type, approved for plenum installation

METAL WIREWAYS AND AUXILIARY GUTTERS

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

Cooper B-Line, Inc.

Hoffman; a Pentair company.
Mono-Systems, Inc.

Square D; a brand of Schneider Electric.
Approved equal.

A

Description: Sheet metal, complying with UL 870 and NEMA 250, Type 1, indoors Type 3R
outdoors or wet locations Type 4 Type 12- unless otherwise indicated, and sized according to
NFPA 70.

1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

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

Wireway Covers: Hinged type unless otherwise indicated.

Finish: Manufacturer's standard enamel finish.

SURFACE RACEWAYS

Surface Metal Raceways: Galvanized steel with snap-on covers complying with UL 5.
Manufacturer's standard ivory enamel finish
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Manufacturers:  Subject to compliance with requirements available manufacturers
offering products that may be incorporated into the Work include, but are not limited to,
the following:

Mono-Systems, Inc.
Panduit Corp.
Wiremold / Legrand.
Approved equal.

oo

Tele-Power Poles:

1.

N

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

Mono-Systems, Inc.
Panduit Corp.
Wiremold / Legrand.
Approved equal..

oo

Material: Galvanized steel with ivory baked-enamel finish.

Fittings and Accessories: Dividers, end caps, covers, cutouts, wiring harnesses, devices,
mounting materials, and other fittings shall match and mate with tele-power pole as
required for complete system.

BOXES, ENCLOSURES, AND CABINETS

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

CoNAR~WNE

Adalet.

Cooper Technologies Company; Cooper Crouse-Hinds.
EGS/Appleton Electric.

Erickson Electrical Equipment Company.

FSR Inc.

Hoffman; a Pentair company.

Hubbell Incorporated; Killark Division.

Kraloy.

Milbank Manufacturing Co.

Mono-Systems, Inc.

O-Z/Gedney; a brand of EGS Electrical Group.

RACO; a Hubbell Company.

Robroy Industries.

Spring City Electrical Manufacturing Company.
Stahlin Non-Metallic Enclosures; a division of Robroy Industries.
Thomas & Betts Corporation.

Wiremold / Legrand.

Approved equal.
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B. General Requirements for Boxes, Enclosures, and Cabinets: Boxes, enclosures, and cabinets
installed in wet locations shall be listed for use in wet locations.

C.  Sheet Metal Outlet and Device Boxes: Comply with NEMA OS 1 and UL 514A.

D. Cast-Metal Outlet and Device Boxes: Comply with NEMA FB 1, ferrous alloy Type FD, with
gasketed cover.

E. Nonmetallic Outlet and Device Boxes: Comply with NEMA OS 2 and UL 514C.
F. Metal Floor Boxes:

Comply with NEMA OS 1 and UL 514A.

Material: Cast metal in slabs on or below grade

Type: Fully adjustable

Shape: Rectangular.

Listing and Labeling: Metal floor boxes shall be listed and labeled as defined in NFPA
70, by a qualified testing agency, and marked for intended location and application.

oghhwdE

G. Nonmetallic Floor Boxes: Nonadjustable, round for single device outlets; rectangular for
multiple device outlets.

1. Listing and Labeling: Nonmetallic floor boxes shall be listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.

H.  Floor Box Covers and Flangess—Brass or cast aluminum, polished satin finish. UL listed for
scrub water exclusion]

I Luminaire Outlet Boxes: Nonadjustable, designed for attachment of luminaire weighing 50 Ib
(23 kg). Outlet boxes designed for attachment of luminaires weighing more than 50 Ib (23 kg)
shall be listed and marked for the maximum allowable weight.

J. Paddle Fan Outlet Boxes: Nonadjustable, designed for attachment of paddle fan weighing 70 Ib
(32 kg).

1. Listing and Labeling: Paddle fan outlet boxes shall be listed and labeled as defined in
NFPA 70, by a qualified testing agency, and marked for intended location and
application.

K. Small Sheet Metal Pull and Junction Boxes: NEMA OS 1.

L.  Cast-Metal Access, Pull, and Junction Boxes: Comply with NEMAFB1 and UL 1773,
galvanized, cast iron with gasketed cover.

M. Box extensions used to accommodate new building finishes shall be of same material as
recessed box.

N.  Device Box Dimensions: 4 inches square by 2-1/8 inches deep (100 mm square by 60 mm
deep)

0. Gangable boxes are allowed
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Hinged-Cover Enclosures: Comply with UL 50 and NEMA 250, Type 1 indoors, Type 3R
outdoors or wet locations > with continuous-hinge cover with flush latch unless otherwise
indicated.

1. Metal Enclosures: Steel, finished inside and out with manufacturer's standard enamel.
2. Nonmetallic Enclosures: Plastic
3. Interior Panels: Steel; all sides finished with manufacturer's standard enamel.

Cabinets:

1. NEMA 250, Type 1 indoors, Type 3R outdoors or wet location Type 12 galvanized-steel
box with removable interior panel and removable front, finished inside and out with
manufacturer's standard enamel.

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

Key latch to match panelboards.

Metal barriers to separate wiring of different systems and voltage.

Accessory feet where required for freestanding equipment.

Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified
testing agency, and marked for intended location and application.

ook wn

HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING
General Requirements for Handholes and Boxes:

1. Boxes and handholes for use in underground systems shall be designed and identified as
defined in NFPA 70, for intended location and application.

2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a
qualified testing agency, and marked for intended location and application.

Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover: Molded of sand and
aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a
combination of the two.

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

Armorcast Products Company.

Carson Industries LLC.

CDR Systems Corporation; Hubbell Power Systems.
Oldcastle Precast, Inc.; Christy Concrete Products.
Approved equal.

®o0 oW

2. Standard: Comply with SCTE 77.

w

Configuration: Designed for flush burial with closed bottom unless otherwise indicated.
4. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure and handhole location.

Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

Cover Legend: Molded lettering, ['ELECTRIC."] or as required to indicate type of
service.

oo
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7. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts
for secure, fixed installation in enclosure wall.

8. Handholes [12 Inches Wide by 24 Inches Long (300 mm Wide by 600 mm Long)] and
Larger: Have inserts for cable racks and pulling-in irons installed before concrete is
poured.

C.  Fiberglass Handholes and Boxes: Molded of fiberglass-reinforced polyester resin, with frame
and covers of fiberglass.

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

following:

a. Armorcast Products Company.

b. Carson Industries LLC.

C. CDR Systems Corporation; Hubbell Power Systems.
d. Oldcastle Precast, Inc.; Christy Concrete Products.
e. Approved equal.

2. Standard: Comply with SCTE 77.

3. Color of Frame and Cover: Gray .

4, Configuration: Designed for flush burial with closed bottom unless otherwise indicated.

5. Cover: Weatherproof, secured by tamper-resistant locking devices and having structural
load rating consistent with enclosure and handhole location.

6. Cover Finish: Nonskid finish shall have a minimum coefficient of friction of 0.50.

7. Cover Legend: Molded lettering, "ELECTRIC." or as required to indicate type of

service.

8. Conduit Entrance Provisions: Conduit-terminating fittings shall mate with entering ducts
for secure, fixed installation in enclosure wall.

9. Handholes 12 Inches Wide by 24 Inches Long (300 mm Wide by 600 mm Long) and
Larger: Have inserts for cable racks and pulling-in irons installed before concrete is
poured.

D. High Density Plastic Boxes: Injection molded of high-density polyethylene or copolymer-
polypropylene. See Edition Instruction No. 1 in the Evaluations for cautions about naming
manufacturers and products. Retain one of three subparagraphs and list of manufacturers
below. See Section 016000 “Product Requirements”.

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

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

3. Basis of Design Product: Subject to compliance with requirements, provide[the product
indicated on Drawings] <Insert manufacturer’s name; product name or designation> or a
comparable product by one of the following:

a. Carson Industries LLC.
b. Nordic Fiberglass, Inc.
C. PenCell Plastics.
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d.  Approved equal.

2.8 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES

A.  Handhole and Pull-Box Prototype Test: Test prototypes of handholes and boxes for compliance
with SCTE 77. Strength tests shall be for specified tier ratings of products supplied.

1.
2.

Tests of materials shall be performed by an independent testing agency.

Strength tests of complete boxes and covers shall be by either an independent testing
agency or manufacturer. A qualified registered professional engineer shall certify tests
by manufacturer.

Testing machine pressure gages shall have current calibration certification complying
with 1SO 9000 and 1SO 10012 and traceable to NIST standards.

PART 3 - EXECUTION

31 RACEWAY APPLICATION

A.  Outdoors: Apply raceway products as specified below unless otherwise indicated:

1. Exposed Conduit: GRC-
2. Unless otherwise indicated, use rigid steel conduit with threaded steel fittings for all
medium voltage applications.
3. Concealed Conduit, Aboveground: GRC
a. Unless otherwise indicated, use rigid steel conduit with threaded steel fittings for
all medium voltage applications.
4. Underground Conduit: RNC, Type EPC-40-PVC or Type EPC-80-PVC, concrete
encased.
a. Unless otherwise indicated, use RNC, Type EPC-40 with concrete encasement for
medium voltage cables.
b. Use concrete encasement for raceways passing under roadways, parking areas, and
other areas subject to heavy vehicular traffic.
5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic,
Electric Solenoid, or Motor-Driven Equipment): LFMC.
6. Boxes and Enclosures, Aboveground: NEMA 250, Type 3R unless otherwise indicated.
B. Indoors: Apply raceway products as specified below unless otherwise indicated:
1. Raceways for Medium Voltage Cables: Unless otherwise indicated, use rigid steel
conduit with threaded steel fittings for all indoor medium voltage cable applications.
2. Exposed, Not Subject to Physical Damage: EMT
3. Exposed, Not Subject to Severe Physical Damage: EMT
4 Exposed and Subject to Severe Physical Damage: GRC. Raceway locations include the

following:

a. Loading dock.
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10.

11.

12.

b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
C. Mechanical rooms.

Concealed in Ceilings and Interior Walls and Partitions: EMT

In Concrete Slabs: RNC, Type EPC 40 PVC with concrete-tight fittings and PVC elbow
stub-ups with transition to EMT.

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

Damp or Wet Locations: GRC

Raceways for Optical Fiber or Communications Cable in Spaces Used for Environmental
Air: Plenum-type, optical fiber/communications cable raceway or EMT

Raceways for Optical Fiber or Communications Cable Risers in Vertical Shafts: [Riser-
type, optical fiber/communications cable raceway or EMT

Raceways for Concealed General Purpose Distribution of Optical Fiber or
Communications Cable: Plenum-type, optical fiber/communications cable raceway or
EMT

Boxes and Enclosures: NEMA 250, Type 1, except use NEMA 250, Type 4 stainless
steel in institutional and commercial kitchens and damp or wet locations.

C.  Minimum Raceway Size: 3/4-inch (21-mm) trade size.

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

1. Rigid and—tntermediate Steel Conduit: Use threaded rigid steel conduit fittings unless
otherwise indicated. Comply with NEMA FB 2.10.

2. PVC Externally Coated, Rigid Steel Conduits: Use only fittings listed for use with this
type of conduit. Patch and seal all joints, nicks, and scrapes in PVC coating after
installing conduits and fittings. Use sealant recommended by fitting manufacturer; and
apply in thickness and number of coats recommended by manufacturer.

3. EMT: Use setscrew steel fittings. Use raintight steel compression fittings in wet
locations.. Comply with NEMA FB 2.10.

4, Flexible Conduit: Use only fittings listed for use with flexible conduit. Comply with
NEMA FB 2.20.

E. Install nonferrous conduit or tubing for circuits operating above 60 Hz. Where aluminum

raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve.

F. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.

r @

Install surface raceways only where indicated on Drawings.
Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C)

Hazardous Locations: Use rigid steel conduit and threaded fittings of NEMA type listed and

labeled for the location and class of hazard indicated.
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3.2

INSTALLATION

Comply with NECA 1 and NECA 101 for installation requirements except where requirements
on Drawings or in this article are stricter. Comply with NFPA 70 limitations for types of
raceways allowed in specific occupancies and number of floors.

Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-
water pipes. Install horizontal raceway runs above water and steam piping.

Complete raceway installation before starting conductor installation.

Comply with requirements in Electrical Specifications Section "Hangers and Supports for
Electrical Systems" for hangers and supports.

Arrange stub-ups so curved portions of bends are not visible above finished slab.

Install no more than the equivalent of three 90-degree bends in any conduit run except for
control wiring conduits, for which fewer bends are allowed. Support within 12 inches (300
mm) of changes in direction.

Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.
Install conduits parallel or perpendicular to building lines.

Support conduit within 12 inches (300 mm)of enclosures to which attached.
Raceways Embedded in Slabs:

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

2. Do not install raceways in slabs less than 6-inches thick without written permission of the
Architect and/or Structural Engineer.

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

placement

Space raceways laterally to prevent voids in concrete.

5. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main
reinforcement. Where at right angles to reinforcement, place conduit close to slab
support. Secure raceways to reinforcement at maximum 10-foot (3-m)intervals.

6.  Arrange raceways to cross building expansion joints at right angles with expansion
fittings.

7. Arrange raceways to keep a minimum of 2 inches (50 mm) of concrete cover in all
directions.

8. Do not embed threadless fittings in concrete unless specifically approved by Architect for
each specific location.

e

9. Change from ENT to GRC rising above floor.
Stub-ups to Above Recessed Ceilings:
1. Use EMT, IMC, or RMC for raceways.

2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or
in an enclosure.
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K.  Install no more than the equivalent of three 90-degree bends in any conduit run except for
communications conduits, for which fewer bends are allowed.

L.  Conceal conduit and EMT within finished wall, ceilings, and floors, unless otherwise indicated.

M.  Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions: Apply
listed compound to threads of raceway and fittings before making up joints. Follow compound
manufacturer's written instructions.

N. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive
compound prior to assembly.

O. Raceway Terminations at Locations Subject to Moisture or Vibration: Use insulating bushings
to protect conductors including conductors smaller than No. 4 AWG.

P.  Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes
or cabinets. Install bushings on conduits up to 1-1/4-inch (35mm) trade size and insulated
throat metal bushings on 1-1/2-inch (41-mm) trade size and larger conduits terminated with
locknuts. Install insulated throat metal grounding bushings on service conduits.

Q. Install raceways square to the enclosure and terminate at enclosures with locknuts. Install
locknuts hand tight plus 1/4 turn more.

R. Do not rely on locknuts to penetrate nonconductive coatings on enclosures. Remove coatings in
the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.

S. Cut conduit perpendicular to the length. For conduits 2-inch (53-mm) trade size and larger, use
roll cutter or a guide to make cut straight and perpendicular to the length.

T. Install pull wires in empty raceways. Use polypropylene or monofilament plastic line with not
less than 200-1b (90-kg) tensile strength. Leave at least 12 inches (300 mm) of slack at each end
of pull wire. Cap underground raceways designated as spare above grade alongside raceways in
use.

U. Raceways for Optical Fiber and Communications Cable: Install raceways, metallic and
nonmetallic, rigid and flexible, as follows:
1. 3/4-Inch (19-mm) Trade Size and Smaller: Install raceways in maximum lengths of 50

feet (15m).

2. 1-Inch (25-mm) Trade Size and Larger: Install raceways in maximum lengths of 75 feet
(23m).

3. Install with a maximum, of two 90-degree bends or equivalent for each length of raceway

unless Drawings show stricter requirements. Separate lengths with pull or junction boxes
or terminations at distribution frames or cabinets where necessary to comply with these
requirements.

V. Install electrical nonmetallic tubing and electrical flexible tubing inside conduits where
indicated for telecommunications, video or data cables.

W.  Surface Raceways:

1. Install surface raceway with a minimum 2-inch (50-mm)radius control at bend points.
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2. Secure surface raceway with screws or other anchor-type devices at intervals not
exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway
section. Support surface raceway according to manufacturer's written instructions. Tape
and glue are not acceptable support methods.

X.  Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with
listed sealing compound. For concealed raceways, install each fitting in a flush steel box with a
blank cover plate having a finish similar to that of adjacent plates or surfaces. Install raceway
sealing fittings according to NFPA 70.

Y. Install devices to seal raceway interiors at accessible locations. Locate seals so no fittings or
boxes are between the seal and the following changes of environments. Seal the interior of all
raceways at the following points:

1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated
spaces.

2. Where an underground service raceway enters a building or structure.

3. Where otherwise required by NFPA 70.

Z.  Comply with manufacturer's written instructions for solvent welding RNC and fittings.
AA. Expansion-Joint Fittings:

1. Install in each run of aboveground RNC that is located where environmental temperature
change may exceed 30 deg F (17 deg C) and that has straight-run length that exceeds 25
feet (7.6 m). Install in each run of aboveground RMC and EMT conduit that is located
where environmental temperature change may exceed 100 deg F (55 deg C) and that has
straight-run length that exceeds 100 feet (30 m).

2. Install type and quantity of fittings that accommodate temperature change listed for each
of the following locations:

a. Outdoor Locations Not Exposed to Direct Sunlight: [125 deg F (70 deg C)]
temperature change.

b. Outdoor Locations Exposed to Direct Sunlight: [155 degF (86 deg C)]
temperature change.

C. Indoor Spaces Connected with Outdoors without Physical Separation: [125 deg F
(70 deg C)] temperature change.

d. Attics: [135 deg F (75 deg C)] temperature change.

3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot
of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C)
of temperature change for PVC conduits. Install fitting(s) that provide expansion and
contraction for at least 0.000078 inch per foot of length of straight run per deg F
(0.0115 mm per meter of length of straight run per deg C) of temperature change for
metal conduits.

4, Install expansion fittings at all locations where conduits cross building or structure
expansion joints.
5. Install each expansion-joint fitting with position, mounting, and piston setting selected

according to manufacturer's written instructions for conditions at specific location at time
of installation. Install conduit supports to allow for expansion movement.
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BB.

CC.

DD.

EE.

FF.

GG.

HH.

JJ.

KK.

LL.

Flexible Conduit Connections: Comply with NEMA RV 3. Use a maximum of 72 inches
(1830 mm) of flexible conduit for recessed and semirecessed luminaires, equipment subject to
vibration, noise transmission, or movement; and for transformers and motors.

1. Use LFMC in damp or wet locations subject to severe physical damage.
2. Use LFMC e+EENG in damp or wet locations not subject to severe physical damage.

Mount boxes at heights indicated on Drawings. If mounting heights of boxes are not
individually indicated, give priority to ADA requirements. Install boxes with height measured
to bottom of box unless otherwise indicated.

Recessed Boxes in Masonry Walls: Saw-cut opening for box in center of cell of masonry block,
and install box flush with surface of wall. Prepare block surfaces to provide a flat surface for a
raintight connection between box and cover plate or supported equipment and box.

Horizontally separate boxes mounted on opposite sides of walls so they are not in the same
vertical channel.

Locate boxes so that cover or plate will not span different building finishes.

Support boxes of three gangs or more from more than one side by spanning two framing
members or mounting on brackets specifically designed for the purpose.

Fasten junction and pull boxes to or support from building structure. Do not support boxes by
conduits.

Recessed Boxes in Fire Rated Walls and Partitions: Provide steel electrical boxes or listed
electrical boxes in maximum two-hour fire-resistant walls and partitions in accordance with
International Building Code “Penetrations”.

1. Steel electrical boxes shall not exceed the area specified in International Building Code
“Penetrations”. The maximum membrane penetration shall not exceed the maximum
area per unit area of wall or partition specified in International Building Code
“Penetrations”.

2. Listed electrical boxes shall be installed in accordance with the instructions included in
the listing.

3. Electrical boxes in opposite sides of fire-resistant walls and partitions with a maximum
two-hour rating shall be steel and shall be separated as specified in International Building
Code “Penetrations”.

Set metal floor boxes level and flush with finished floor surface.
Set nonmetallic floor boxes level. Trim after installation to fit flush with finished floor surface.

Use suitable boxes and flanges for wood, carpet, and tile floor. Allow for movement of wood
floors.

MM. Provide flush tile flanges in gym floors.

NN.

Provide flush tile flanges in rooms and spaces to receive floor tile. Refer to finish schedule.
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0O0.

PP.

QQ.
RR.

SS.

Provide carpet flanges to cover the cut carpet edges in rooms and spaces to receive carpeting.
Refer to finish schedule.

Select floor boxes and flanges for use in wood floors to cover filler material and provide
adequate support for devices and plates.

Installed hinged cover enclosures and cabinets plumb. Support at each corner.

Do not install nonmetallic conduit, boxes, or fittings in plenums or in spaces used for the
supply, return, or exhaust of environmental air.

Telecommunications: Where indicated, provide orange electrical flexible tubing (EFT) and/or
yellow electrical nonmetallic tubing (ENT) in telephone and communications raceways. Tubing
shall be installed in continuous lengths within the conduits between access points, no
connectors, couplings, adapters, or splices of any kind will be permitted within the raceway.
Provide sufficient slack tubing in manholes and handholes to allow the ends of the tubing top be
trained around the inside and connected together. Provide 3 ft. of slack tubing at the pole top
and in the building.

INSTALLATION OF UNDERGROUND CONDUIT
Direct-Buried Conduit:

1. Excavate trench bottom to provide firm and uniform support for conduit. Prepare trench
bottom as specified in Section "Earth Moving™ for pipe less than 6 inches (150 mm) in
nominal diameter.

Install backfill as specified in Section "Earth Moving."

3. After installing conduit, backfill and compact. Start at tie-in point, and work toward end
of conduit run, leaving conduit at end of run free to move with expansion and contraction
as temperature changes during this process. Firmly hand tamp backfill around conduit to
provide maximum supporting strength. After placing controlled backfill to within 12
inches (300 mm) of finished grade, make final conduit connection at end of run and
complete backfilling with normal compaction as specified in Section "Earth Moving."

no

4, Install manufactured duet elbows for stub-ups at poles and equipment and at building
entrances through floor unless otherwise indicated. Encase elbows for stub-up ducts
throughout length of elbow.

5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and
at building entrances through floor.

a. Couple steel conduits to ducts with adapters designed for this purpose, and encase
coupling with 3 inches (75 mm) of concrete for a minimum of 12 inches (300 mm)
on each side of the coupling.

b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits
penetrate building foundations, extend steel conduit horizontally a minimum of
60 inches (1500 mm) from edge of foundation or equipment base. Install insulated
grounding bushings on terminations at equipment.
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3.5

6.  Warning Planks: Bury warning planks approximately 12 inches (300 mm) above direct-
buried conduits but a minimum of 6 inches (150 mm) below grade. Align planks along
centerline of conduit.

7. Underground Warning Tape: Comply with requirements in Section "Identification for
Electrical Systems."”

Conduits run beneath slabs on unstable soil shall be supported from the slab using stainless steel
rod bar ties at intervals indicated in NFPA 70. The lower ends of the rods shall be bent around
the conduit and secured with two full twists of the end around the supporting portion of the rods
using a twisting tool or other acceptable method. For non-metallic conduit, half-round saddles
of similar material shall be installed between the rods and the bottom of the conduits. After the
conduits are backfilled, the upper ends of the rods shall be bent over the wire mesh or rebar and
secured with wire ties before the concrete is poured.

APPLICATION OF UNDERGROUND HANDHOLES AND BOXES

Handholes and Boxes for 600 V and Less Including Telephone, Communications, and Data
Wiring:

1. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to occasional,
Nondeliberate Loading by Heavy Vehicles: Precast concrete, AASHTO HB 17, H-20 or
Polymer concrete, SCTE 77, Tier 15 structural load rating.

2. Units in Sidewalk and similar Applications with a safety Factor for Nondeliberate
Loading by Vehicles: Precast concrete, AASHTO HB 17, H-10 or Polymer concrete
units, SCTE 77, Tier structural load rating.

3. Units Subject to Light-Duty Pedestrian Traffic Only: Fiberglass-reinforced polyester
resin] or [High-density plastic, structurally tested according to SCTE 77 with 3000-Ibf
(13 345-N) vertical loading.

INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES

Install handholes and boxes level and plumb and with orientation and depth coordinated with
connecting conduits to minimize bends and deflections required for proper entrances.

Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from
1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent
undisturbed earth.

Elevation: In paved areas, set so cover surface will be flush with finished grade. Set covers of
other enclosures 1 inch (25 mm) above finished grade.

Install handholes with bottom below frost line, 36” below grade.

Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators,
as required for installation and support of cables and conductors and as indicated. Select arm
lengths to be long enough to provide spare space for future cables but short enough to preserve
adequate working clearances in enclosure.

RACEWAYS AND BOXES FOR ELECTRICAL SYSTEMS 260533 - 17



3.6

3.7

3.8

Field-cut openings for conduits according to enclosure manufacturer's written instructions. Cut
wall of enclosure with a tool designed for material to be cut. Size holes for terminating fittings
to be used, and seal around penetrations after fittings are installed.

SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS

Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies. Comply

with requirements in Electrical Specification Section "Sleeves and Sleeve Seals for Electrical

Raceways and Cabling."

FIRESTOPPING

Install firestopping at penetrations of fire-rated floor and wall assemblies. Comply with

requirements in Electrical Specification Section "Penetration Firestopping.”

PROTECTION

Protect coatings, finishes, and cabinets from damage and deterioration.

1. Repair damage to galvanized finishes with zinc-rich paint recommended by
manufacturer.

2. Repair damage to PVC coatings or paint finishes with matching touchup coating
recommended by manufacturer.

END OF SECTION 260533
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SECTION 260544 - SLEEVES AND SLEEVE SEALS FOR ELECTRICAL RACEWAYS AND
CABLING

PART 1 - GENERAL

11 SUMMARY
A. Section Includes:

Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
Sleeve-seal systems.

Sleeve-seal fittings.

Grout.

Silicone sealants.

arwNE

B.  Related Requirements:
1. Electrical Specification Section 078413 "Penetration Firestopping” for penetration
firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke
barriers, with and without penetrating items.

1.2 ACTION SUBMITTALS

A.  Product Data: For each type of product.

PART 2 - PRODUCTS
2.1 SLEEVES

A.  Wall Sleeves:

1. Steel Pipe Sleeves: ASTM A53/A53M, Type E, Grade B, Schedule 40, zinc coated,
plain ends.

2. Cast-Iron Pipe Sleeves: Cast or fabricated "wall pipe,” equivalent to ductile-iron pressure
pipe, with plain ends and integral waterstop unless otherwise indicated.

B.  Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies: Galvanized-steel
sheet; 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal
joint, with tabs for screw-fastening the sleeve to the board.

C.  PVC-Pipe Sleeves: ASTM D 1785, Schedule 40.

D. Molded-PVC Sleeves: With nailing flange for attaching to wooden forms.
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2.2

2.3

Molded-PE or -PP Sleeves: Removable, tapered-cup shaped, and smooth outer surface with
nailing flange for attaching to wooden forms.

Sleeves for Rectangular Openings:

1. Material: Galvanized sheet steel.
2. Minimum Metal Thickness:

a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and
with no side larger than 16 inches (400 mm), thickness shall be 0.052 inch (1.3
mm).

b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or more and one
or more sides larger than 16 inches (400 mm), thickness shall be 0.138 inch (3.5
mm).

SLEEVE-SEAL SYSTEMS

Description: Modular sealing device, designed for field assembly, to fill annular space between
sleeve and raceway or cable.

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

following:

a. Advance Products & Systems, Inc.
b. CALPICO, Inc.

c. Metraflex Company (The).

d. Pipeline Seal and Insulator, Inc.

e. Proco Products, Inc.

f. Other "Approved” manufacturer in accordance with Electrical Specification
Section "Special Requirements".

2. Sealing Elements: Nitrile (Buna N) rubber interlocking links shaped to fit surface of
pipe. Include type and number required for pipe material and size of pipe.

Pressure Plates: Carbon steel

Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating of length
required to secure pressure plates to sealing elements.

W

SLEEVE-SEAL FITTINGS

Description: Manufactured plastic, sleeve-type, waterstop assembly made for embedding in
concrete slab or wall. Unit shall have plastic or rubber waterstop collar with center opening to
match piping OD.

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

a. Presealed Systems.
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A.

B.

C.

D.

2.5

A

B.

b. Other "Approved" manufacturer in accordance with Electrical Specification
Section "Special Requirements".
GROUT

Description: Nonshrink; recommended for interior and exterior sealing openings in non-fire-
rated walls or floors.

Standard: ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry,
hydraulic-cement grout.

Design Mix: 5000-psi (34.5-MPa), 28-day compressive strength.
Packaging: Premixed and factory packaged.
SILICONE SEALANTS

Silicone Sealants: Single-component, silicone-based, neutral-curing elastomeric sealants of
grade indicated below.

1. Grade: Pourable (self-leveling) formulation for openings in floors and other horizontal
surfaces that are not fire rated.

Silicone Foams: Multicomponent, silicone-based liquid elastomers that, when mixed, expand
and cure in place to produce a flexible, nonshrinking foam.

PART 3 -EXECUTION

3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
A.  Comply with NECA 1.
B.  Comply with NEMA VE 2 for cable tray and cable penetrations.
C.  Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit
Floors and Walls:
1. Interior Penetrations of Non-Fire-Rated Walls and Floors:

a. Seal annular space between sleeve and raceway or cable, using joint sealant
appropriate for size, depth, and location of joint. Comply with requirements in
Electrical Specification Section "Basic Electrical Materials and Methods".

b. Seal space outside of sleeves with mortar or grout. Pack sealing material solidly
between sleeve and wall so no voids remain. Tool exposed surfaces smooth;
protect material while curing.

2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
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3.3

3. Size pipe sleeves to provide 1/4-inch (6.4-mm)Jannular clear space between sleeve and
raceway or cable unless sleeve seal is to be installed or unless seismic criteria require
different clearance.

4, Install sleeves for wall penetrations unless core-drilled holes or formed openings are
used. Install sleeves during erection of walls. Unless otherwise indicated, cut sleeves to
length for mounting flush with both surfaces of walls. Deburr after cutting.

5. Install sleeves for floor penetrations. Extend sleeves installed in floors 2 inches (50 mm)
above finished floor level or top of curb. Install sleeves during erection of floors.

Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:

1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved
opening.

2. Seal space outside of sleeves with approved joint compound for gypsum board
assemblies.

Roof-Penetration Sleeves: Seal penetration of individual raceways and cables with flexible
boot-type flashing units applied in coordination with roofing work.

Aboveground, Exterior-Wall Penetrations: Seal penetrations using steel pipe sleeves and
mechanical sleeve seals. Select sleeve size to allow for sufficient annular clear space between
pipe and sleeve for installing mechanical sleeve seals.

Underground, Exterior-Wall and Floor Penetrations: Install cast-iron pipe sleeves. Size sleeves
to allow for sufficient annular clear space between raceway or cable and sleeve for installing
sleeve-seal system.

SLEEVE-SEAL-SYSTEM INSTALLATION

Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway
entries into building.

Install type and number of sealing elements recommended by manufacturer for raceway or
cable material and size. Position raceway or cable in center of sleeve. Assemble mechanical
sleeve seals and install in annular space between raceway or cable and sleeve. Tighten bolts
against pressure plates that cause sealing elements to expand and make watertight seal.
SLEEVE-SEAL-FITTING INSTALLATION

Install sleeve-seal fittings in new walls and slabs as they are constructed.

Assemble fitting components of length to be flush with both surfaces of concrete slabs and
walls. Position waterstop flange to be centered in concrete slab or wall.

Secure nailing flanges to concrete forms.

Using grout, seal the space around outside of sleeve-seal fittings.
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SECTION 260553 - IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1 - GENERAL

11

A.

1.2

13

1.4

c o w >

m

RELATED DOCUMENTS

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

SUMMARY
Section Includes:

Identification for raceways.

Identification of power and control cables.
Identification for conductors.
Underground-line warning tape.

Warning labels and signs.

Instruction signs.

Equipment identification labels.
Miscellaneous identification products.

N~ wME

SUBMITTALS
Product Data: For each electrical identification product indicated.

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

Identification Schedule: An index of nomenclature of electrical equipment and system
components used in identification signs and labels.

QUALITY ASSURANCE

Comply with ANSI A13.1

Comply with NFPA 70.

Comply with 29 CFR 1910.144 and 29 CFR 1910.145.

Comply with ANSI Z535.4 for safety signs and labels.

Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks
used by label printers, shall comply with UL 969.
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A

o

COORDINATION

Coordinate identification names, abbreviations, colors, and other features with requirements in
other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's
wiring diagrams, and the Operation and Maintenance Manual; and with those required by codes,
standards, and 29 CFR 1910.145. Use consistent designations throughout Project.

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

Coordinate installation of identifying devices with location of access panels and doors.

Install identifying devices before installing acoustical ceilings and similar concealment.

PART 2 -PRODUCTS

21

A

D.

2.2

A.

POWER RACEWAY IDENTIFICATION MATERIALS

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

Colors for Raceways Carrying Circuits at 600 V or Less:

1. Black letters on an orange field
2. Legend: Indicate voltage and system or service type.

Colors for Raceways Carrying Circuits at More Than 600 V:(NOT USED)

1. Black letters on an orange field.
2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch-(75-mm-)
high letters on 20-inch (500-mm) centers.

Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less: Preprinted,
flexible label laminated with a clear, weather- and chemical-resistant coating and matching
wraparound adhesive tape for securing ends of legend label.

Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less: Slit, pretensioned,
flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway
or cable it identifies and to stay in place by gripping action.

Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less: Slit,
pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized
to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS

Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of
color field for each raceway and cable size.
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Colors for Raceways Carrying Circuits at 600 V and Less:

1. Black letters on an orange field
2. Legend: Indicate voltage and system or service type.

Colors for Raceways Carrying Circuits at More Than 600 V:- NOT USED

1. Black letters on an orange field.
2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch-(75-mm-)
high letters on 20-inch (500-mm) centers.

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

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

POWER AND CONTROL CABLE IDENTIFICATION MATERIALS

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

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

Metal Tags: Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped
legend, punched for use with self-locking cable tie fastener.

Write-On Tags: Polyester tag, 0.010 inch (0.25 mm) 0.015 inch (0.38 mm) thick, with
corrosion-resistant grommet and cable tie for attachment to conductor or cable.

1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag
manufacturer.

Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping
action.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2
inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and
to stay in place by gripping action.

CONDUCTOR IDENTIFICATION MATERIALS

Color-Coding Conductor Tape: Colored, self-adhesive vinyl tape not less than 3 mils (0.08
mm) thick by 1 to 2 inches (25 to 50 mm) wide.
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Self-Adhesive Vinyl Labels: Preprinted, flexible label laminated with a clear, weather- and
chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend
label.

Snap-Around Labels: Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with
diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping
action.

Snap-Around, Color-Coding Bands: Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2
inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and
to stay in place by gripping action.

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

Write-On Tags: Polyester tag, 0.015 inch (0.38 mm) thick, with corrosion-resistant grommet
and cable tie for attachment to conductor or cable.

1. Marker for Tags: Permanent, waterproof, black ink marker recommended by tag
manufacturer.

FLOOR MARKING TAPE

2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with black and white

stripes and clear vinyl overlay.

UNDERGROUND-LINE WARNING TAPE

Tape:

1. Recommended by manufacturer for the method of installation and suitable to identify and
locate underground electrical and communications utility lines.

2. Printing on tape shall be permanent and shall not be damaged by burial operations.

3. Tape material and ink shall be chemically inert, and not subject to degrading when
exposed to acids, alkalis, and other destructive substances commonly found in soils.

Color and Printing:

1. Comply with ANSI Z535.1 through ANSI Z535.5.

2. Inscriptions for Red-Colored Tapes: ELECTRIC LINE, HIGH VOLTAGE.

3 Inscriptions for Orange-Colored Tapes: TELEPHONE CABLE, CATV CABLE,
COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.

WARNING LABELS AND SIGNS

Comply with NFPA 70, 29 CFR 1910.145, and ANSI Z535.
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Self-Adhesive Warning Labels: Factory-printed, multicolor, pressure-sensitive adhesive labels,
configured for display on front cover, door, or other access to equipment unless otherwise
indicated.

Baked-Enamel Warning Signs:

1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size
required for application.

2. 1/4-inch (6.4-mm) grommets in corners for mounting.

3. Nominal size, 7 by 10 inches (180 by 250 mm).

Metal-Backed, Butyrate Warning Signs:

1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-
inch (1-mm) galvanized-steel backing; and with colors, legend, and size required for
application.

2. 1/4-inch (6.4-mm) grommets in corners for mounting.

3. Nominal size, 10 by 14 inches (250 by 360 mm).

Warning label and sign shall include, but are not limited to, the following legends:

1. Multiple Power Source Warning: "DANGER - ELECTRICAL SHOCK HAZARD -
EQUIPMENT HAS MULTIPLE POWER SOURCES."

2. Workspace Clearance Warning: "WARNING - OSHA REGULATION - AREA IN
FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES

3. Arc Flash Warning: "DANGER - ARC FLASH HAZARD” with the Approach
Boundary, PPE and Incident Energy Levels indicated based on the short circuit rating of
the equipment unless an arc flash study is to be performed. .

4. Insert names and wording of warning signs or labels; e.g., arc-flash, multiple services and
voltages, and others.

5. Available Fault Current Warning: “MAXIMUM AVAILABLE FAULT CURRENT

DATE [/ “with the maximum available fault current

calculation was performed™.

INSTRUCTION SIGNS

Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs
up to 20 sg. inches (129 sg. cm) and 1/8 inch (3.2 mm) thick for larger sizes.

1. Engraved legend with [black letters on white face] <lnsert-colors>.

2. Punched or drilled for mechanical fasteners.

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

EQUIPMENT IDENTIFICATION LABELS

Adhesive Film Label: Machine printed, in black, by thermal transfer or equivalent process.
Minimum letter height shall be 3/8 inch (10 mm).
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Adhesive Film Label with Clear Protective Overlay: Machine printed, in black, by thermal
transfer or equivalent process. Minimum letter height shall be 3/8 inch (10 mm). Overlay shall
provide a weatherproof and UV-resistant seal for label.

Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label: Adhesive backed, with white
letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm).

Engraved, Laminated Acrylic or Melamine Label: Punched or drilled for screw mounting.
White letters on a dark-gray background. Minimum letter height shall be 3/8 inch (10 mm).

CABLETIES

General-Purpose Cable Ties: Fungus inert, self extinguishing, one piece, self locking, Type 6/6
nylon.

1. Minimum Width: 3/16 inch (5 mm).

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7
MPa).

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

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

UV-Stabilized Cable Ties: Fungus inert, designed for continuous exposure to exterior sunlight,
self extinguishing, one piece, self locking, Type 6/6 nylon.

1. Minimum Width: 3/16 inch (5 mm).

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 12,000 psi (82.7
MPa).

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

4, Color: Black.

Plenum-Rated Cable Ties: Self extinguishing, UV stabilized, one piece, self locking.

=

Minimum Width: 3/16 inch (5 mm).

2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638: 7000 psi (48.2
MPa).

UL 94 Flame Rating: 94V-0.

Temperature Range: Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C).

Color: Black.

ok ow

MISCELLANEOUS IDENTIFICATION PRODUCTS

Paint: Comply with requirements in "Finishes" Division Specification Sections "Painting" for
paint materials and application requirements. Select paint system applicable for surface
material and location (exterior or interior).

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

IDENTIFICATION FOR ELECTRICAL SYSTEMS 260553 - 6



PART 3 -EXECUTION

3.1

3.2

INSTALLATION
Verify identity of each item before installing identification products.

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

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

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

Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners
appropriate to the location and substrate.

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

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

Cable Ties: For attaching tags. Use general-purpose type, except as listed below:

1. Outdoors: UV-stabilized nylon.
2. In Spaces Handling Environmental Air: Plenum rated.

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

Painted Identification: Comply with requirements in "Finishes" Division Specification Sections
"Painting" for surface preparation and paint application.

IDENTIFICATION SCHEDULE

Concealed Raceways, Duct Banks, More Than 600 V, within Buildings: Tape and stencil 4-
inch- (100-mm-) wide black stripes on 10-inch (250-mm) centers over orange background that
extends full length of raceway or duct and is 12 inches (300 mm) wide. Stencil legend
"DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch- (75-mm-) high black
letters on 20-inch (500-mm) centers. Stop stripes at legends. Apply to the following finished
surfaces:

1. Floor surface directly above conduits running beneath and within 12 inches (300 mm) of
a floor that is in contact with earth or is framed above unexcavated space. Apply to floors
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in unfinished spaces and floors that are to receive tile, carpeting, or other similar finish
treatment prior to the installation of such treatment. Do not apply to floors that are only to
be painted.

2. Wall surfaces directly external to raceways concealed within wall. Apply to walls in
unfinished spaces and walls that are to receive sheetrock, paneling, or other similar finish
treatment prior to the installation of such treatment. Do not apply to walls in finished
spaces that are only to be painted.

3. Accessible surfaces of concrete envelope around raceways in vertical shafts, exposed in
the building, or concealed above suspended ceilings.

B.  Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch
Circuits More Than 20 A, and 120 V to ground: Identify with self-adhesive vinyl labelor self-
adhesive vinyl tape applied in bands. Install labels at 30-foot maximum intervals.

C.  Accessible Raceways and Cables within Buildings: Identify the covers of each junction and
pull box of the following systems with self-adhesive vinyl labels with the wiring system legend
and system voltage. System legends shall be as follows:

1. Emergency Power.
2. Power.
3. UPS.

D.  Power-Circuit Conductor Identification, 600 V or Less: For conductors in low-voltage
switchgear, switchboards, panelboards, motor control centers, enclosed switches, transformer
compartments, vaults, pull and junction boxes, manholes, handholes, etc., use color-coding
conductor tape to identify the phase.

1. Color-Coding for Phase Identification, 600 V or Less: Use colors listed below for
ungrounded service feeder and branch-circuit conductors throughout the electrical
system.

2. Color code 208Y/120 volt, 3 phase, 4 wire system secondary service, feeder and branch
circuit conductors throughout the electrical system as follows:

a. Phase A: Black.

b. Phase B: Red.

C. Phase C: Blue.

d. Neutral: White.

e. Ground: Green.

f. Isolated Ground: Green with yellow stripe.

3. Color code 480Y/277 volt, 3 phase, 4 wire system secondary service, feeder and branch
circuit conductors throughout the electrical system as follows:

a. Phase A: Brown.

b. Phase B: Orange.

c. Phase C: Yellow.

d. Neutral: White with a colored stripe or gray.
e. Ground: Green

4, Color code 240 Delta/120 volt, 3 phase, 4 wire system secondary service, feeder and
branch circuit conductors throughout the electrical system as follows:
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a. Phase A: Black.

b. Phase B: Orange (High Leg).
C. Phase C: Blue.

d. Neutral: White.

e. Ground: Green.

5. Color code 240/120 volt, and 208/120 volt, 1 phase, 3 wire system secondary service,
feeder and branch circuit conductors throughout the electrical system as follows:

a. Line 1: Black.
b. Line 2: Red.

C. Neutral: White.
d. Ground: Green.

6. Color code isolated power system branch circuit conductors throughout the electrical
system as follows:

a. Isolated Conductor No. 1: Orange with a distinctive colored stripe, other than
white, green, or gray for connection to the “grounded conductor terminal.
b. Isolated Conductor No. 2: Brown with a distinctive colored stripe, other than

white, green, or gray for connection to the ungrounded conductor terminal.

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

E.  Install instructional sign including the color-code for grounded and ungrounded conductors
using adhesive-film-type labels.

F. Conductors to Be Extended in the Future: Attach marker tape to conductors and list source.

G.  Auxiliary Electrical Systems Conductor Identification: Identify field-installed alarm, control,
and signal connections.

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

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

3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the
Operation and Maintenance Manual.

H.  Locations of Underground Lines: Identify with underground-line warning tape for power,
lighting, communication, and control wiring and optical fiber cable.

1. Limit use of underground-line warning tape to direct-buried cables.
2. Install underground-line warning tape for both direct-buried cables and cables in
raceway.

I Workspace Indication: Install floor marking tape to show working clearances in the direction of
access to live parts. Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless
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otherwise indicated. Do not install at flush-mounted panelboards and similar equipment in
finished spaces.

J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting: Self-
adhesive warning labels

Comply with 29 CFR 1910.145.

Identify system voltage with black letters on an orange background.

Apply to exterior of door, cover, or other access.

For equipment with multiple power or control sources, apply to door or cover of
equipment including, but not limited to, the following:

i S N

a. Power transfer switches.
b. Controls with external control power connections.

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

L.  Emergency Operating Instruction Signs: Install instruction signs with white legend on a red
background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at
equipment used for power transfer.

M.  The following one paragraph applies to service equipment in other than dwelling units as
required by 2011 NEC 110.24.

N.  Awvailable Fault Current Warning: Service Equipment shall be labeled with the MAXIMUM
AVAILABLE FAULT CURRENT and the DATE the fault current calculation [specified in
Electrical Specification Section “Overcurrent Protective Device Coordination Study acceptable
fault current calculation] was performed.

O. Arc Flash Warning: Electrical Equipment requiring examination, adjustment, servicing,
maintenance or periodic voltage measurements shall be field marked to warn qualified
personnel of potential electric arc flash hazards.

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

1. Labeling Instructions:

a. Indoor Equipment: Engraved, laminated acrylic or melamine label. Unless
otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high
letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use
labels 2 inches (50 mm) high.

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

C. Elevated Components: Increase sizes of labels and letters to those appropriate for
viewing from the floor.
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d. Unless provided with self-adhesive means of attachment, fasten labels with
appropriate mechanical fasteners that do not change the NEMA or NRTL rating of
the enclosure.

2. Equipment to Be Labeled:

a. Panelboards:  Typewritten directory of circuits in the location provided by
panelboard manufacturer. Panelboard identification shall be engraved, laminated
acrylic or melamine label.

Enclosures and electrical cabinets.

Access doors and panels for concealed electrical items.

Switchgear.

Switchboards.

Transformers: Label that includes tag designation shown on Drawings for the
transformer, feeder, and panelboards or equipment supplied by the secondary.
Substations.

Emergency system boxes and enclosures.

Motor-control centers.

Enclosed switches.

Enclosed circuit breakers.

Enclosed controllers.

Variable-speed controllers.

Push-button stations.

Power transfer equipment.

Contactors.

Remote-controlled switches, dimmer modules, and control devices.
Battery-inverter units.

Battery racks.

Power-generating units.

Monitoring and control equipment.

UPS equipment.

+~ooo0oT
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END OF SECTION 260553
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SECTION 262816 - ENCLOSED SWITCHES AND CIRCUIT BREAKERS

PART 1 - GENERAL

11 RELATED DOCUMENTS

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

1.2 SUMMARY
A. Section Includes:

Fusible switches.

Nonfusible switches.

Receptacle switches.

Shunt trip switches.

Molded-case circuit breakers (MCCBS).
Molded-case switches.

Enclosures.

Nogp,kwbdE

1.3 DEFINITIONS
A.  NC: Normally closed.
B.  NO: Normally open.

C.  SPDT: Single pole, double throw.

14 PERFORMANCE REQUIREMENTS

A.  Seismic Performance: Enclosed switches and circuit breakers shall withstand the effects of
earthquake motions determined according to ASCE/SEI 7.

1. The term "withstand" means "the unit will remain in place without separation of any parts
from the device when subjected to the seismic forces specified and the unit will be fully
operational after the seismic event."”

15 ACTION SUBMITTALS

A.  Product Data: For each type of enclosed switch, circuit breaker, accessory, and component
indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data
on features, performance, electrical characteristics, ratings, accessories, and finishes.

1. Enclosure types and details for types other than NEMA 250, Type 1.
2. Current and voltage ratings.
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3. Short-circuit current ratings (interrupting and withstand, as appropriate).

4. Include evidence of NRTL listing for series rating of installed devices.

5. Detail features, characteristics, ratings, and factory settings of individual overcurrent
protective devices, accessories, and auxiliary components.

6. Include time-current coordination curves (average melt) for each type and rating of

overcurrent protective device; include selectable ranges for each type of overcurrent
protective device. Submit on translucent log-log graph paper.

Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections,
details, and attachments to other work.

1. Wiring Diagrams: For power, signal, and control wiring.

INFORMATIONAL SUBMITTALS
Qualification Data: For qualified testing agency.

Seismic Qualification Certificates: For enclosed switches and circuit breakers, accessories, and
components, from manufacturer.

1. Basis for Certification: Indicate whether withstand certification is based on actual test of
assembled components or on calculation.

2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate
and describe mounting and anchorage provisions.

3. Detailed description of equipment anchorage devices on which the certification is based
and their installation requirements.

Field quality-control reports.

1. Test procedures used.

2. Test results that comply with requirements.

3. Results of failed tests and corrective action taken to achieve test results that comply with
requirements.

Manufacturer's field service report.

CLOSEOUT SUBMITTALS

Operation and Maintenance Data: For enclosed switches and circuit breakers to include in
emergency, operation, and maintenance manuals. In addition to items specified in
Section 017823 "Operation and Maintenance Data," include the following:

1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit
breakers.

2. Time-current coordination curves (average melt) for each type and rating of overcurrent
protective device; include selectable ranges for each type of overcurrent protective
device. Submit on translucent log-log graph paper.
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MAINTENANCE MATERIAL SUBMITTALS

Furnish extra materials that match products installed and that are packaged with protective
covering for storage and identified with labels describing contents.

1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than
three of each size and type.

2. Fuse Pullers: Two for each size and type.

3.

QUALITY ASSURANCE

Testing Agency Qualifications: Member company of NETA or an NRTL.

1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site
testing.

Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective
devices, components, and accessories, within same product category, from single source from
single manufacturer.

Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed
switches and circuit breakers, including clearances between enclosures, and adjacent surfaces
and other items. Comply with indicated maximum dimensions.

Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by
a qualified testing agency, and marked for intended location and application.

Comply with NFPA 70.

PROJECT CONDITIONS

Environmental Limitations: Rate equipment for continuous operation under the following
conditions unless otherwise indicated:

1.  Ambient Temperature: Not less than minus 22 deg F and not exceeding 104 deg F.
2. Altitude: Not exceeding 6600 feet.

Interruption of Existing Electric Service: not applicable

COORDINATION

Coordinate layout and installation of switches, circuit breakers, and components with equipment
served and adjacent surfaces. Maintain required workspace clearances and required clearances
for equipment access doors and panels.
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PART 2 - PRODUCTS

2.1

A

FUSIBLE SWITCHES

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product by one of the following:

Eaton Electrical Inc.; Cutler-Hammer Business Unit.

General Electric Company; GE Consumer & Industrial - Electrical Distribution.
Siemens Energy & Automation, Inc.

Square D; a brand of Schneider Electric.

Approved equal.

agrLODOE

Type GD, General Duty, Single Throw, 240-V ac, 800 A and Smaller: UL 98 and NEMA KS 1,
horsepower rated, with cartridge fuse interiors to accommodate [specified] [indicated] fuses,
lockable handle with capability to accept two padlocks, and interlocked with cover in closed
position.

Type HD, Heavy Duty, Single Throw, 240 and 600-V ac, 1200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses,
lockable handle with capability to accept three padlocks, and interlocked with cover in closed
position.

Type HD, Heavy Duty, Six Pole, Single Throw240 and 600-V ac, 200 A and Smaller: UL 98
and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses,
lockable handle with capability to accept three padlocks, and interlocked with cover in closed
position.

Type HD, Heavy Duty, Double Throw, 240 and 600-V ac, 1200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses,
lockable handle with capability to accept three padlocks, and interlocked with cover in closed
position.

Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground
conductors.

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded,;
labeled for copper and aluminum neutral conductors.

3. Isolated Ground Kit: Internally mounted; insulated, capable of being grounded and

bonded; labeled for copper and aluminum neutral conductors.

Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.

Auxiliary Contact Kit: Two NO/NC (Form "C") auxiliary contact(s), arranged to activate

before switch blades open.

6. Hookstick Handle: Allows use of a hookstick to operate the handle.

o ks

~

Lugs: Mechanical type, suitable for number, size, and conductor material.
8. Service-Rated Switches: Labeled for use as service equipment.
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9. Accessory Control Power Voltage: Remote mounted and powered; as per control
requirement

NONFUSIBLE SWITCHES

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product by one of the following:

1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.

2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
3. Siemens Energy & Automation, Inc.

4, Square D; a brand of Schneider Electric.

Type GD, General Duty, Single Throw, 600 A and Smaller: UL 98 and NEMA KS 1,
horsepower rated, lockable handle with capability to accept two padlocks, and interlocked with
cover in closed position.

Type HD, Heavy Duty, Single Throw, 240-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1,
horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with
cover in closed position.

Type HD, Heavy Duty, Six Pole, Single Throw, 240-V ac, 200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and
interlocked with cover in closed position.

Type HD, Heavy Duty, Double Throw, 240-Vac, 1200 A and Smaller: UL 98 and
NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and
interlocked with cover in closed position.

Accessories:

1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground
conductors.

2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded;
labeled for copper and aluminum neutral conductors.

3. Isolated Ground Kit: Internally mounted; insulated, capable of being grounded and
bonded; labeled for copper and aluminum neutral conductors.

4. Auxiliary Contact Kit: Two NO/NC (Form "C") auxiliary contact(s), arranged to activate
before switch blades open.

5. Hookstick Handle: Allows use of a hookstick to operate the handle.

6. Lugs: Mechanical type, suitable for number, size, and conductor material.

7. Accessory Control Power Voltage: Remote mounted and powered; as per controls
requirement.
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2.5

RECEPTACLE SWITCHES- not used
SHUNT TRIP SWITCHES- not used
MOLDED-CASE CIRCUIT BREAKERS

Basis-of-Design Product: Subject to compliance with requirements, provide product indicated
on Drawings or comparable product by one of the following:

Eaton Electrical Inc.; Cutler-Hammer Business Unit.

General Electric Company; GE Consumer & Industrial - Electrical Distribution.
Siemens Energy & Automation, Inc.

Square D; a brand of Schneider Electric.

Approved equal.

AR

General Requirements: Comply with UL 489, NEMA AB1, and NEMA AB 3, with
interrupting capacity to comply with available fault currents.

Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and
instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for
circuit-breaker frame sizes 250 A and larger.

Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted,
field-adjustable trip setting.

Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the following
field-adjustable settings:

Instantaneous trip.

Long- and short-time pickup levels.

Long- and short-time time adjustments.

Ground-fault pickup level, time delay, and I°t response.

el N

Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller, and let-through ratings less
than NEMA FU 1, RK-5.

Integrally Fused Circuit Breakers: Thermal-magnetic trip element with integral limiter-style
fuse listed for use with circuit breaker and trip activation on fuse opening or on opening of fuse
compartment door.

Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations
with Class A ground-fault protection (6-mA trip).

Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault
protection (30-mA trip).

Features and Accessories:
1. Standard frame sizes, trip ratings, and number of poles.

2. Lugs: type, suitable for number, size, trip ratings, and conductor material.
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11.

12.

13.

Application Listing: Appropriate for application; Type SWD for switching fluorescent
lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting
circuits.

Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-powered [type
with mechanical ground-fault indicator; relay with adjustable pickup and time-delay
settings, push-to-test feature, internal memory, and shunt trip unit; and three-phase, zero-
sequence current transformer/sensor.

Communication Capability: Circuit-breaker-mounted communication module with
functions and features compatible with power monitoring and control system, specified in
Section 260913 "Electrical Power Monitoring and Control."

Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact.

Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional
time delay.

Auxiliary Contacts: One SPDT switch or Two S with "a" and "b" contacts; "a" contacts
mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.
Alarm Switch: One NO contact that operates only when circuit breaker has tripped.

Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key shall be
removable only when circuit breaker is in off position.

Zone-Selective Interlocking: Integral with electronic] trip unit; for interlocking ground-
fault protection function.
Electrical Operator: Provide remote control for on, off, and reset operations.

Accessory Control Power Voltage: Integrally mounted, self-powered

2.6 ENCLOSURES

A.  Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50,
to comply with environmental conditions at installed location.

akrwNE

Indoor, Dry and Clean Locations: NEMA 250, Type 1

Outdoor Locations: NEMA 250, Type 3R

Kitchen Wash-Down Areas: NEMA 250, Type 4X

Other Wet or Damp, Indoor Locations: NEMA 250, Type 4

Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids:
NEMA 250, Type 12.

Hazardous Areas Indicated on Drawings: NEMA 250, Type 7Type 9.

PART 3 - EXECUTION

3.1 EXAMINATION

A.  Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance
with installation tolerances and other conditions affecting performance of the Work.
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3.2

3.3

3.4

Proceed with installation only after unsatisfactory conditions have been corrected.

INSTALLATION

Install individual wall-mounted switches and circuit breakers with tops at uniform height unless
otherwise indicated.

Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic
Controls for Electrical Systems."

Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and
temporary blocking of moving parts from enclosures and components.

Install fuses in fusible devices.

Comply with NECA 1.

IDENTIFICATION

Comply with requirements in Section 260553 "Identification for Electrical Systems."

1. Identify field-installed conductors, interconnecting wiring, and components; provide
warning signs.

2. Label each enclosure with engraved metal or laminated-plastic nameplate.

FIELD QUALITY CONTROL

Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.

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

Perform tests and inspections.

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

Acceptance Testing Preparation:

1. Test insulation resistance for each enclosed switch and circuit breaker, component,
connecting supply, feeder, and control circuit.

2. Test continuity of each circuit.

Tests and Inspections:

1. Perform each visual and mechanical inspection and electrical test stated in NETA
Acceptance Testing Specification. Certify compliance with test parameters.
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2. Correct malfunctioning units on-site, where possible, and retest to demonstrate
compliance; otherwise, replace with new units and retest.
3. Perform the following infrared scan tests and inspections and prepare reports:

a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days
after Final Acceptance, perform an infrared scan of each enclosed switch and
circuit breaker. Remove front panels so joints and connections are accessible to
portable scanner.

b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of
each enclosed switch and circuit breaker 11 months after date of Substantial
Completion.

c. Instruments and Equipment: Use an infrared scanning device designed to measure
temperature or to detect significant deviations from normal values. Provide
calibration record for device.

4, Test and adjust controls, remote monitoring, and safeties. Replace damaged and
malfunctioning controls and equipment.

F. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and
inspections.

G.  Prepare test and inspection reports, including a certified report that identifies enclosed switches
and circuit breakers and that describes scanning results. Include notation of deficiencies
detected, remedial action taken, and observations after remedial action.

3.5 ADJUSTING

A.  Adjust moving parts and operable components to function smoothly, and lubricate as
recommended by manufacturer.

B.  Set field-adjustable circuit-breaker trip ranges as per coordination study calculation by

contractor.

END OF SECTION 262816
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	230513 - common motor req for hvac equip
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes general requirements for single-phase and polyphase, general-purpose, horizontal, small and medium, squirrel-cage induction motors for use on ac power systems up to 600 V and installed at equipment manufacturer's factory or shipped...

	1.3 COORDINATION
	A. Coordinate features of motors, installed units, and accessory devices to be compatible with the following:
	1. Motor controllers.
	2. Torque, speed, and horsepower requirements of the load.
	3. Ratings and characteristics of supply circuit and required control sequence.
	4. Ambient and environmental conditions of installation location.



	PART 2 -  PRODUCTS
	2.1 GENERAL MOTOR REQUIREMENTS
	A. Comply with requirements in this Section except when stricter requirements are specified in HVAC equipment schedules or Sections.
	B. Comply with NEMA MG 1 unless otherwise indicated.
	C. Comply with IEEE 841 for severe-duty motors.

	2.2 MOTOR CHARACTERISTICS
	A. Duty:  Continuous duty at ambient temperature of 40 deg C and at altitude of 3300 feet above sea level.
	B. Capacity and Torque Characteristics:  Sufficient to start, accelerate, and operate connected loads at designated speeds, at installed altitude and environment, with indicated operating sequence, and without exceeding nameplate ratings or considerin...

	2.3 POLYPHASE MOTORS
	A. Description:  NEMA MG 1, Design B, medium induction motor.
	B. Efficiency:  Energy efficient, as defined in NEMA MG 1.
	C. Service Factor:  1.15.
	D. Multispeed Motors:  Variable torque.
	1. For motors with 2:1 speed ratio, consequent pole, single winding.
	2. For motors with other than 2:1 speed ratio, separate winding for each speed.

	E. Multispeed Motors:  Separate winding for each speed.
	F. Rotor:  Random-wound, squirrel cage.
	G. Bearings:  Regreasable, shielded, antifriction ball bearings suitable for radial and thrust loading.
	H. Temperature Rise:  Match insulation rating.
	I. Insulation:  Class F.
	J. Code Letter Designation:
	1. Motors 15 HP and Larger:  NEMA starting Code F or Code G.
	2. Motors Smaller than 15 HP:  Manufacturer's standard starting characteristic.

	K. Enclosure Material:  Cast iron for motor frame sizes 324T and larger; rolled steel for motor frame sizes smaller than 324T.

	2.4 POLYPHASE MOTORS WITH ADDITIONAL REQUIREMENTS
	A. Motors Used with Reduced-Voltage and Multispeed Controllers:  Match wiring connection requirements for controller with required motor leads.  Provide terminals in motor terminal box, suited to control method.
	B. Motors Used with Variable Frequency Controllers:  Ratings, characteristics, and features coordinated with and approved by controller manufacturer.
	1. Windings:  Copper magnet wire with moisture-resistant insulation varnish, designed and tested to resist transient spikes, high frequencies, and short time rise pulses produced by pulse-width modulated inverters.
	2. Energy- and Premium-Efficient Motors:  Class B temperature rise; Class F insulation.
	3. Inverter-Duty Motors:  Class F temperature rise; Class H insulation.
	4. Thermal Protection:  Comply with NEMA MG 1 requirements for thermally protected motors.

	C. Severe-Duty Motors:  Comply with IEEE 841, with 1.15 minimum service factor.

	2.5 SINGLE-PHASE MOTORS
	A. Motors larger than 1/20 hp shall be one of the following, to suit starting torque and requirements of specific motor application:
	1. Permanent-split capacitor.
	2. Split phase.
	3. Capacitor start, inductor run.
	4. Capacitor start, capacitor run.

	B. Multispeed Motors:  Variable-torque, permanent-split-capacitor type.
	C. Bearings:  Prelubricated, antifriction ball bearings or sleeve bearings suitable for radial and thrust loading.
	D. Motors 1/20 HP and Smaller:  Shaded-pole type.
	E. Thermal Protection:  Internal protection to automatically open power supply circuit to motor when winding temperature exceeds a safe value calibrated to temperature rating of motor insulation.  Thermal-protection device shall automatically reset wh...


	PART 3 -  EXECUTION (Not Applicable)

	230517 - sleeves and sleeve seals for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Sleeves.
	2. Grout.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Galvanized-Steel-Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, with plain ends.
	B. Galvanized-Steel-Sheet Sleeves:  0.0239-inch minimum thickness; round tube closed with welded longitudinal joint.

	2.2 GROUT
	A. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	B. Characteristics:  Nonshrink; recommended for interior and exterior applications.
	C. Design Mix:  5000-psi, 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION
	A. Install sleeves for piping passing through penetrations in floors, partitions, roofs, and walls.
	B. For sleeves that will have sleeve-seal system installed, select sleeves of size large enough to provide 1-inch annular clear space between piping and concrete slabs and walls.
	1. Sleeves are not required for core-drilled holes.

	C. Install sleeves in concrete floors, concrete roof slabs, and concrete walls as new slabs and walls are constructed.
	1. Permanent sleeves are not required for holes in slabs formed by molded-PE or -PP sleeves.
	2. Cut sleeves to length for mounting flush with both surfaces.
	a. Exception:  Extend sleeves installed in floors of mechanical equipment areas or other wet areas 2 inches above finished floor level.

	3. Using grout, seal the space outside of sleeves in slabs and walls without sleeve-seal system.

	D. Fire-Barrier Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at pipe penetrations.  Seal pipe penetrations with firestop materials.  Comply with requirements for firestopping specified in Division 07 Section...



	230518 - escutcheons for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Escutcheons.
	2. Floor plates.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.


	PART 2 -  PRODUCTS
	2.1 ESCUTCHEONS
	A. Split-Casting Brass Type:  With polished, chrome-plated finish and with concealed hinge and setscrew.
	B. Split-Plate, Stamped-Steel Type:  With chrome-plated finish, concealed hinge, and spring-clip fasteners.

	2.2 FLOOR PLATES
	A. Split-Casting Floor Plates:  Cast brass with concealed hinge.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install escutcheons for piping penetrations of walls, ceilings, and finished floors.
	B. Install escutcheons with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.
	1. Escutcheons for New Piping:
	a. Chrome-Plated Piping:  One-piece, cast-brass or split-casting brass type with polished, chrome-plated finish.
	b. Insulated Piping:  One-piece, stamped-steel type or split-plate, stamped-steel type with concealed hinge or split-plate, stamped-steel type with exposed-rivet hinge.
	c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  split-casting brass type with polished, chrome-plated finish.
	d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  One-piece, stamped-steel type or split-plate, stamped-steel type with concealed hinge.
	e. Bare Piping at Ceiling Penetrations in Finished Spaces:  cast-brass or split-casting brass type with polished, chrome-plated finish.
	f. Bare Piping at Ceiling Penetrations in Finished Spaces:  stamped-steel type split-plate, stamped-steel type with concealed hinge.

	2. Escutcheons for Existing Piping:
	a. Chrome-Plated Piping:  Split-casting brass type with polished, chrome-plated finish.
	b. Insulated Piping:  Split-plate, stamped-steel type with concealed hinge.
	c. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-casting brass type with polished, chrome-plated finish.
	d. Bare Piping at Wall and Floor Penetrations in Finished Spaces:  Split-plate, stamped-steel type with concealed hinge.
	e. Bare Piping at Ceiling Penetrations in Finished Spaces:  Split-casting brass type with polished, chrome-plated finish.


	C. Install floor plates for piping penetrations of equipment-room floors.
	D. Install floor plates with ID to closely fit around pipe, tube, and insulation of piping and with OD that completely covers opening.
	1. New Piping:  One-piece, floor-plate type.
	2. Existing Piping:  Split-casting, floor-plate type.


	3.2 FIELD QUALITY CONTROL
	A. Replace broken and damaged escutcheons and floor plates using new materials.



	230519 - meters and gages for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Liquid-in-glass thermometers.
	2. Thermowells.
	3. Dial-type pressure gages.
	4. Gage attachments.
	5. Test plugs.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Wiring Diagrams:  For power, signal, and control wiring.
	C. Product Certificates:  For each type of meter and gage, from manufacturer.
	D. Operation and Maintenance Data:  For meters and gages to include in operation and maintenance manuals.


	PART 2 -  PRODUCTS
	2.1 LIQUID-IN-GLASS THERMOMETERS
	A. Metal-Case, Compact-Style, Liquid-in-Glass Thermometers:
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Trerice, H. O. Co.

	2. Standard:  ASME B40.200.
	3. Case:  Cast aluminum; 6-inch nominal size.
	4. Case Form:  Straight unless otherwise indicated.
	5. Tube:  Glass with magnifying lens and or red organic liquid.
	6. Tube Background:  Nonreflective aluminum with permanently etched scale markings graduated in deg F and deg C.
	7. Window:  Glass or plastic.
	8. Stem:  Aluminum or brass and of length to suit installation.
	a. Design for Air-Duct Installation:  With ventilated shroud.
	b. Design for Thermowell Installation:  Bare stem.

	9. Connector:  3/4 inch, with ASME B1.1 screw threads.
	10. Accuracy:  Plus or minus 1 percent of scale range or one scale division, to a maximum of 1.5 percent of scale range.

	B. Metal-Case, Industrial-Style, Liquid-in-Glass Thermometers:
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Trerice, H. O. Co.
	b. Weiss Instruments, Inc.

	2. Standard:  ASME B40.200.
	3. Case:  Cast aluminum; 7-inch nominal size unless otherwise indicated.
	4. Case Form:  Straight unless otherwise indicated.
	5. Tube:  Glass with magnifying lens and red organic liquid.
	6. Tube Background:  Nonreflective aluminum with permanently etched scale markings graduated in deg F and deg C.
	7. Window:  Glass.
	8. Stem:  Aluminum and of length to suit installation.
	a. Design for Air-Duct Installation:  With ventilated shroud.
	b. Design for Thermowell Installation:  Bare stem.



	2.2 DUCT-THERMOMETER MOUNTING BRACKETS
	A. Description:  Flanged bracket with screw holes, for attachment to air duct and made to hold thermometer stem.

	2.3 THERMOWELLS
	A. Thermowells:
	1. Standard:  ASME B40.200.
	2. Description:  Pressure-tight, socket-type fitting made for insertion into piping tee fitting.
	3. Material for Use with Copper Tubing:  CNR or CUNI.
	4. Material for Use with Steel Piping:  CRES or CSA.
	5. Type:  Stepped shank unless straight or tapered shank is indicated.
	6. External Threads:  NPS 1/2, NPS 3/4, or NPS 1, ASME B1.20.1 pipe threads.
	7. Internal Threads:  1/2, 3/4, and 1 inch, with ASME B1.1 screw threads.
	8. Bore:  Diameter required to match thermometer bulb or stem.
	9. Insertion Length:  Length required to match thermometer bulb or stem.
	10. Lagging Extension:  Include on thermowells for insulated piping and tubing.
	11. Bushings:  For converting size of thermowell's internal screw thread to size of thermometer connection.

	B. Heat-Transfer Medium:  Mixture of graphite and glycerin.

	2.4 PRESSURE GAGES
	A. Direct-Mounted, Metal-Case, Dial-Type Pressure Gages:
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ernst Flow Industries
	b. Trerice, H. O. Co.
	c. AMETEK, Inc.; U.S. Gauge.
	d. Weiss Instruments, Inc.

	2. Standard:  ASME B40.100.
	3. Case:  Liquid-filled or Open-front, pressure relief type(s); cast aluminum; 4-1/2-inch nominal diameter.
	4. Pressure-Element Assembly:  Bourdon tube unless otherwise indicated.
	5. Pressure Connection:  Brass, with NPS 1/4, ASME B1.20.1 pipe threads and bottom-outlet type unless back-outlet type is indicated.
	6. Movement:  Mechanical, with link to pressure element and connection to pointer.
	7. Dial:  Nonreflective aluminum with permanently etched scale markings graduated in psi.
	8. Pointer:  Dark-colored metal.
	9. Window:  Glass.
	10. Ring:  Metal.
	11. Accuracy:  Grade A, plus or minus 1 percent of middle half of scale range.


	2.5 GAGE ATTACHMENTS
	A. Snubbers:  ASME B40.100, brass; with NPS 1/4, ASME B1.20.1 pipe threads and piston-type surge-dampening device.  Include extension for use on insulated piping.
	B. Valves:  Brass ball, Brass or stainless-steel needle], with NPS 1/4 or NPS 1/2, ASME B1.20.1 pipe threads.

	2.6 TEST PLUGS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Peterson Equipment Co., Inc.
	2. Sisco Manufacturing Company, Inc.
	3. Trerice, H. O. Co.

	B. Description:  Test-station fitting made for insertion into piping tee fitting.
	C. Body:  Brass or stainless steel with core inserts and gasketed and threaded cap.  Include extended stem on units to be installed in insulated piping.
	D. Thread Size:  NPS 1/4, ASME B1.20.1 pipe thread.
	E. Minimum Pressure and Temperature Rating:  500 psig at 200 deg F.
	F. Core Inserts:  Chlorosulfonated polyethylene synthetic and EPDM self-sealing rubber.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Install thermowells with socket extending into fluid one-third of pipe diameter and in vertical position in piping tees.
	B. Install thermowells of sizes required to match thermometer connectors.  Include bushings if required to match sizes.
	C. Install thermowells with extension on insulated piping.
	D. Fill thermowells with heat-transfer medium.
	E. Install direct-mounted thermometers in thermowells and adjust vertical and tilted positions.
	F. Install remote-mounted thermometer bulbs in thermowells and install cases on panels; connect cases with tubing and support tubing to prevent kinks.  Use minimum tubing length.
	G. Install duct-thermometer mounting brackets in walls of ducts.  Attach to duct with screws.
	H. Install direct-mounted pressure gages in piping tees with pressure gage located on pipe at the most readable position.
	I. Install remote-mounted pressure gages on panel.
	J. Install valve and snubber in piping for each pressure gage for fluids (except steam).
	K. Install valve and syphon fitting in piping for each pressure gage for steam.
	L. Install test plugs in piping tees.
	M. Install flow indicators in piping systems in accessible positions for easy viewing.
	N. Assemble and install connections, tubing, and accessories between flow-measuring elements and flowmeters according to manufacturer's written instructions.
	O. Install flowmeter elements in accessible positions in piping systems.
	P. Install wafer-orifice flowmeter elements between pipe flanges.
	Q. Install differential-pressure-type flowmeter elements, with at least minimum straight lengths of pipe, upstream and downstream from element according to manufacturer's written instructions.
	R. Install permanent indicators on walls or brackets in accessible and readable positions.
	S. Install connection fittings in accessible locations for attachment to portable indicators.
	T. Mount thermal-energy meters on wall if accessible; if not, provide brackets to support meters.
	U. Install thermometers in the following locations:
	1. Inlet and outlet of each hydronic zone.
	2. Inlet and outlet of each hydronic boiler.
	3. Inlet and outlet of each hydronic coil in air-handling units.
	4. Two inlets and two outlets of each hydronic heat exchanger.
	5. Where indicated on drawings.

	V. Install pressure gages in the following locations:
	1. Suction and discharge of each secondary pump.
	2. Where indicated on drawings.


	3.2 THERMOMETER SCHEDULE
	A. Thermometers at inlet and outlet of each hydronic zone shall be the following:
	1.  Compact-style, liquid-in-glass type.

	B. Thermometers at inlet and outlet of each hydronic boiler shall be the following:
	1. Compact-style, liquid-in-glass type.

	C. Thermometers at inlet and outlet of each hydronic coil in air-handling units and built-up central systems shall be one of the following:
	1.  Compact Industrial-style, liquid-in-glass type.

	D. Thermometers at inlets and outlets of each hydronic heat exchanger shall be the following:
	1.  Compact Industrial-style, liquid-in-glass type.


	3.3 THERMOMETER SCALE-RANGE SCHEDULE
	A. Scale Range for Heating, Hot-Water Piping:  0 to 250 deg F.

	3.4 PRESSURE-GAGE SCHEDULE
	A. Pressure gages at suction and discharge of each pump shall be one of the following:
	1. Liquid-filled Open-front, pressure-relief.


	3.5 PRESSURE-GAGE SCALE-RANGE SCHEDULE
	A. Scale Range for Heating, Hot-Water Piping:  0 to 100 psi.



	230523 - general duty valves for hvac piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following general-duty valves:
	1. Ball valves.
	2. Butterfly valves.
	3. Check valves.
	4. Gate valves.
	5. Globe valves.
	6. Chainwheel actuators.

	B. Related Sections include the following:
	1. Section "Mechanical Identification" for valve tags and charts.
	2. Section "Automatic Temperature Controls" for control valves and actuators.
	3. Piping Sections for specialty valves applicable to those Sections only.


	1.3 DEFINITIONS
	A. The following are standard abbreviations for valves:
	1. CWP:  Cold working pressure.
	2. EPDM:  Ethylene-propylene-diene terpolymer rubber.
	3. PTFE:  Polytetrafluoroethylene plastic.
	4. SWP:  Steam working pressure.
	5. TFE:  Tetrafluoroethylene plastic.


	1.4 SUBMITTALS
	A. Product Data:  For each type of valve indicated.  Include body, seating, and trim materials; valve design; pressure and temperature classifications; end connections; arrangement; dimensions; and required clearances.  Include list indicating valve a...

	1.5 QUALITY ASSURANCE
	A. ASME Compliance: ASME B31.9 for building services piping valves.
	B. ASME Compliance for Ferrous Valves: ASME B16.10 and ASME B16.34 for dimension and design criteria.
	C. NSF Compliance:  NSF 61 for valve materials for potable-water service.

	1.6 DELIVERY, STORAGE, AND HANDLING
	A. Prepare valves for shipping as follows:
	1. Protect internal parts against rust and corrosion.
	2. Protect threads, flange faces, grooves, and weld ends.
	3. Set gate and globe valves closed to prevent rattling.
	4. Set ball valves open to minimize exposure of functional surfaces.
	5. Set butterfly valves closed or slightly open.
	6. Block check valves in either closed or open position.

	B. Use the following precautions during storage:
	1. Maintain valve end protection.
	2. Store valves indoors and maintain at higher than ambient dew-point temperature.  If outdoor storage is necessary, store valves off the ground in watertight enclosures.

	C. Use sling to handle large valves; rig sling to avoid damage to exposed parts.  Do not use handwheels or stems as lifting or rigging points.


	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. In other Part 2 articles where subparagraph titles below introduce lists, the following requirements apply for product selection:
	1. Manufacturers:  Subject to compliance with requirements, provide products by the manufacturers specified.


	2.2 VALVES, GENERAL
	A. Refer to Part 3 "Valve Applications" Article for applications of valves.
	B. Bronze Valves:  NPS 2 and smaller with threaded ends, unless otherwise indicated.
	C. Ferrous Valves:  NPS 2-1/2 and larger with flanged ends, unless otherwise indicated.
	D. Valve Pressure and Temperature Ratings:  Not less than indicated and as required for system pressures and temperatures.
	E. Valve Sizes:  Same as upstream pipe, unless otherwise indicated.
	F. Valve Actuators:
	1. Chainwheel:  For attachment to valves, of size and mounting height, as indicated in the "Valve Installation" Article in Part 3.
	2. Gear Drive:  For quarter-turn valves NPS 8 and larger.
	3. Handwheel:  For valves other than quarter-turn types.
	4. Lever Handle:  For quarter-turn valves NPS 6 and smaller, except plug valves.

	G. Extended Valve Stems:  On insulated valves.
	H. Valve Flanges:  ASME B16.1 for cast-iron valves, ASME B16.5 for steel valves, and ASME B16.24 for bronze valves.
	I. Valve Grooved Ends:  AWWA C606.
	1. Solder Joint:  With sockets according to ASME B16.18.
	a. Caution:  Use solder with melting point below 840 deg F for angle, check, gate, and globe valves; below 421 deg F for ball valves.

	2. Threaded:  With threads according to ASME B1.20.1.

	J. Valve Bypass and Drain Connections:  MSS SP-45.

	2.3 COPPER-ALLOY BALL VALVES
	A. Manufacturers:
	1. Copper-Alloy Ball Valves:
	a. Hammond Valve.
	b. Milwaukee Valve.
	c. NIBCO INC.
	d. RuB, Inc (Dietrich Associates).
	e. Stockham Valves & Fittings.


	B. Copper-Alloy Ball Valves, General:  MSS SP-110.
	C. Two-Piece, Copper-Alloy Ball Valves: Bronze body with full or regular-port, chrome-plated bronze ball; PTFE or TFE seats; and 600-psig minimum CWP rating and blowout-proof stem.

	2.4 FERROUS-ALLOY BALL VALVES
	A. Manufacturers:
	1. Hammond Valve.
	2. Milwaukee Valve.
	3. NIBCO INC.
	4. Stockham Valves & Fittings

	B. Ferrous-Alloy Ball Valves, General:  MSS SP-72, with flanged ends.
	C. Ferrous-Alloy Ball Valves:  Class 150 or Class 300, full or regular port.

	2.5 HIGH-PERFORMANCE BUTTERFLY VALVES
	A. Class 150, Single-Flange, High-Performance Butterfly Valves:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include the following:
	a. ABZ Valve and Controls; a division of ABZ Manufacturing, Inc.
	b. Bray Controls; a division of Bray International.
	c. Cooper Cameron Valves; a division of Cooper Cameron Corp.
	d. Crane Co.; Crane Valve Group; Jenkins Valves.
	e. Crane Co.; Crane Valve Group; Stockham Division.
	f. DeZurik Water Controls.
	g. Hammond Valve.
	h. Milwaukee Valve Company.
	i. NIBCO INC.
	j. Tyco Valves & Controls; a unit of Tyco Flow Control.

	2. Description:
	a. Standard:  MSS SP-68.
	b. CWP Rating:  285 psig at 100 deg. F.
	c. Body Design:  Lug type; suitable for bidirectional dead-end service at rated pressure without use of downstream flange.
	d. Body Material:  Carbon steel, cast iron, ductile steel, or stainless steel.
	e. Seat:  Reinforced PTFE or metal.
	f. Stem:  Stainless steel; offset from plane seat.
	g. Disc:  Carbon steel.
	h. Service: Bidirectional.



	2.6 BRONZE CHECK VALVES
	A. Manufacturers:
	1. Bronze Check Valves:
	a. Hammond Valve.
	b. Milwaukee Valve.
	c. NIBCO INC.
	d. Stockham Valves & Fittings.


	B. Bronze Check Valves, General:  MSS SP-80.
	C. Type 3, Class 125, 150, or 200 as required, Bronze, Swing Check Valves: Bronze body with bronze disc and seat.
	D. Type 4, Class 125, 200, or 200 as required, Bronze, Swing Check Valves:  Bronze body with nonmetallic disc and bronze seat.

	2.7 GRAY-IRON SWING CHECK VALVES
	A. Manufacturers:
	1. Gray-Iron Swing Check Valves:
	a. Hammond Valve.
	b. NIBCO INC.
	c. Milwaukee Valve.
	d. Stockham Valves & Fittings.


	B. Gray-Iron Swing Check Valves, General:  MSS SP-71.
	C. Type I, Class 125 or 250 as required, gray-iron, swing check valves with metal seats.
	D. Type II, Class 125 or 250 as required, gray-iron, swing check valves with composition to metal seats.

	2.8 BRONZE GATE VALVES
	A. Manufacturers:
	1. Bronze Gate Valves:
	a. Hammond Valve.
	b. NIBCO INC.
	c. Milwaukee Valve.
	d. Stockham Valves & Fittings.


	B. Bronze Gate Valves, General:  MSS SP-80, with ferrous-alloy handwheel.
	C. Type 2, Class 150, Bronze Gate Valves: Bronze body with rising stem and bronze solid wedge and union-ring bonnet.

	2.9 CAST-IRON GATE VALVES
	A. Manufacturers:
	1. Cast-Iron Gate Valves:
	a. Hammond Valve.
	b. NIBCO INC.
	c. Milwaukee Valve.
	d. Stockham Valves & Fittings.


	B. Cast-Iron Gate Valves, General:  MSS SP-70, Type I.
	C. Class 125, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves: Cast-iron body with bronze trim, rising stem, and solid-wedge disc.
	D. Class 125, OS&Y, All-Iron, Cast-Iron Gate Valves: Cast-iron body with cast-iron trim, rising stem, and solid-wedge disc.
	E. Class 250, OS&Y, Bronze-Mounted, Cast-Iron Gate Valves: Cast-iron body with bronze trim, rising stem, and solid-wedge disc.
	F. Class 250, OS&Y, All-Iron, Cast-Iron Gate Valves: Cast-iron body with cast-iron trim, rising stem, and solid-wedge disc.

	2.10 BRONZE GLOBE VALVES
	A. Manufacturers:
	1. Bronze Globe Valves:
	a. Hammond Valve.
	b. NIBCO INC.
	c. Milwaukee Valve
	d. Stockham Valves & Fittings


	B. Bronze Globe Valves, General:  MSS SP-80, with ferrous-alloy handwheel.
	C. Type 1, Class 125, 150, or 200 as required, Bronze Globe Valves:  Bronze body with bronze disc and union-ring bonnet.
	D. Type 2, Class 125, 150, or 200 as required, Bronze Globe Valves:  Bronze body with nonmetallic, PTFE or TFE disc and union-ring bonnet.
	E. Type 3, Class 125, 150, or 200 as required, Bronze Globe Valves:  Bronze body with bronze disc and renewable seat. Include union-ring bonnet.

	2.11 CAST-IRON GLOBE VALVES
	A. Manufacturers:
	1. Cast-Iron Globe Valves:
	a. Hammond Valve.
	b. NIBCO INC.
	c. Milwaukee Valve.
	d. Stockham Valves & Fittings.


	B. Cast-Iron Globe Valves, General:  MSS SP-85.
	C. Type I, Class 125 or 250 as required, Cast-Iron Globe Valves:  Gray-iron body with bronze seats.

	2.12 CHAINWHEEL ACTUATORS
	A. Manufacturers:
	1. Babbitt Steam Specialty Co.
	2. Roto Hammer Industries, Inc.

	B. Description:  Valve actuation assembly with sprocket rim, brackets, and chain.
	1. Sprocket Rim with Chain Guides:  Ductile iron or Cast iron or Aluminum or Bronze, of type and size required for valve. Include zinc coating.
	2. Brackets:  Type, number, size, and fasteners required to mount actuator on valve.
	3. Chain:  Hot-dip, galvanized steel of size required to fit sprocket rim.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine piping system for compliance with requirements for installation tolerances and other conditions affecting performance.
	1. Proceed with installation only after unsatisfactory conditions have been corrected.

	B. Examine valve interior for cleanliness, freedom from foreign matter, and corrosion.  Remove special packing materials, such as blocks, used to prevent disc movement during shipping and handling.
	C. Operate valves in positions from fully open to fully closed.  Examine guides and seats made accessible by such operations.
	D. Examine threads on valve and mating pipe for form and cleanliness.
	E. Examine mating flange faces for conditions that might cause leakage.  Check bolting for proper size, length, and material.  Verify that gasket is of proper size, that its material composition is suitable for service, and that it is free from defect...
	F. Do not attempt to repair defective valves; replace with new valves.

	3.2 VALVE APPLICATIONS
	A. Refer to piping Sections for specific valve applications.  If valve applications are not indicated, use the following:
	1. Shutoff Service:  Ball, butterfly, or gate valves.
	2. Throttling Service:  Ball, butterfly, or globe valves.
	3. Pump Discharge:  Check valves.

	B. If valves with specified SWP classes or CWP ratings are not available, the same types of valves with higher SWP class or CWP ratings may be substituted.
	C. Domestic Water Piping:  Use the following types of valves:
	1. Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.
	2. Ball Valves, NPS 2-1/2 and Larger: Class 150, ferrous alloy.
	3. Swing Check Valves, NPS 2 and Smaller: Type 4, Class 125, bronze.
	4. Swing Check Valves, NPS 2-1/2 and Larger: Type II, Class 125, gray iron.
	5. Gate Valves, NPS 2 and Smaller: Type 2, Class 125, bronze.
	6. Gate Valves, NPS 2-1/2 and Larger: Type I, Class 125, OS&Y, bronze-mounted cast iron.
	7. Globe Valves, NPS 2 and Smaller: Type 2, Class 125, bronze.
	8. Globe Valves, NPS 2-1/2 and Larger: Type I, Class 125, bronze-mounted cast iron.

	D. Heating Water Piping:  Use the following types of valves:
	1. Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.
	2. Ball Valves, NPS 2-1/2 and Larger: Class 150, ferrous alloy.
	3. Swing Check Valves, NPS 2 and Smaller: Type 4, Class 150, bronze.
	4. Butterfly Valves, NPS 3 and Larger. See Part 2 of the specification for details.
	5. Swing Check Valves, NPS 2-1/2 and Larger: Type II, Class 125, gray iron.
	6. Gate Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.
	7. Gate Valves, NPS 2-1/2 and Larger: Type I, Class 125, OS&Y, bronze-mounted cast iron.
	8. Globe Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.
	9. Globe Valves, NPS 2-1/2 and Larger: Type I, Class 125, bronze-mounted cast iron.

	E. Low-Pressure Steam Piping (15 psig maximum):  Use the following types of valves:
	1. Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.
	2. Ball Valves, NPS 2-1/2 and Larger:  Class 150, ferrous alloy.
	3. Swing Check Valves, NPS 2 and Smaller: Type 4, Class 150, bronze.
	4. Swing Check Valves, NPS 2-1/2 and Larger:  Type II, Class 125, gray iron.
	5. Gate Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.
	6. Gate Valves, NPS 2-1/2 and Larger: Type I, Class 125, OS&Y, bronze-mounted cast iron.
	7. Globe Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.
	8. Globe Valves, NPS 2-1/2 and Larger:  Type I, Class 125, bronze-mounted cast iron.

	F. Low-Pressure Steam Condensate Piping:  Use the following types of valves:
	1. Ball Valves, NPS 2 and Smaller: Two-piece, 600-psig CWP rating, copper alloy.
	2. Ball Valves, NPS 2-1/2 and Larger: Class 150, ferrous alloy.
	3. Swing Check Valves, NPS 2 and Smaller: Type 4, Class 150, bronze.
	4. Swing Check Valves, NPS 2-1/2 and Larger: Type II, Class 125, gray iron.
	5. Gate Valves, NPS 2 and Smaller: Type 2, Class 150, bronze.
	6. Gate Valves, NPS 2-1/2 and Larger: Type I, Class 125, OS&Y, bronze-mounted cast iron.
	7. Globe Valves, NPS 2 and Smaller: Type 2, Class 125, bronze.
	8. Globe Valves, NPS 2-1/2 and Larger: Type I, Class 125, bronze-mounted cast iron.

	G. Select valves with the following end connections:
	1. For Copper Tubing, NPS 2 and Smaller:  Solder-joint or threaded ends, except provide valves with threaded ends for condenser water, heating hot water, steam, and steam condensate services.
	2. For Copper Tubing, NPS 2-1/2 to NPS 4:  Flanged ends.
	3. For Copper Tubing, NPS 5 and Larger:  Flanged ends.
	4. For Steel Piping, NPS 2 and Smaller:  Threaded ends.
	5. For Steel Piping, NPS 2-1/2 to NPS 4:  Flanged ends.
	6. For Steel Piping, NPS 5 and Larger:  Flanged ends.


	3.3 VALVE INSTALLATION
	A. Piping installation requirements are specified in other Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install valves with unions or flanges at each piece of equipment arranged to allow service, maintenance, and equipment removal without system shutdown.
	C. Locate valves for easy access and provide separate support where necessary.
	D. Install valves in horizontal piping with stem at or above center of pipe.
	E. Install valves in position to allow full stem movement.
	F. Install chainwheel operators on valves NPS 4 and larger and more than 96 inches above floor.  Extend chains to 60 inches above finished floor elevation.
	G. Install check valves for proper direction of flow and as follows:
	1. Swing Check Valves:  In horizontal position with hinge pin level.


	3.4 JOINT CONSTRUCTION
	A. Refer to Section "Basic Mechanical Materials and Methods" for basic piping joint construction.
	B. Soldered Joints:  Use ASTM B 813, water-flushable, lead-free flux; ASTM B 32, lead-free-alloy solder; and ASTM B 828 procedure, unless otherwise indicated.

	3.5 ADJUSTING
	A. Adjust or replace valve packing after piping systems have been tested and put into service but before final adjusting and balancing.  Replace valves if persistent leaking occurs.



	230529 - hangers and supports for HVAC piping and equipment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Metal pipe hangers and supports.
	2. Trapeze pipe hangers.
	3. Thermal-hanger shield inserts.
	4. Fastener systems.
	5. Pipe stands.
	6. Equipment supports.

	B. Related Sections:
	1. Division 05 Section "Metal Fabrications" for structural-steel shapes and plates for trapeze hangers for pipe and equipment supports.
	2. Division 23 Section "Expansion Fittings and Loops for HVAC Piping" for pipe guides and anchors.
	3. Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment" for vibration isolation devices.
	4. Division 23 Section(s) "Metal Ducts" and "Nonmetal Ducts" for duct hangers and supports.


	1.3 DEFINITIONS
	A. MSS:  Manufacturers Standardization Society of the Valve and Fittings Industry Inc.

	1.4 PERFORMANCE REQUIREMENTS
	A. Delegated Design:  Design trapeze pipe hangers and equipment supports, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Structural Performance:  Hangers and supports for HVAC piping and equipment shall withstand the effects of gravity loads and stresses within limits and under conditions indicated according to ASCE/SEI 7.
	1. Design supports for multiple pipes, including pipe stands, capable of supporting combined weight of supported systems, system contents, and test water.
	2. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.


	1.5 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Shop Drawings:  Signed and sealed by a qualified professional engineer. Show fabrication and installation details and include calculations for the following; include Product Data for components:
	1. Trapeze pipe hangers.
	2. Metal framing systems.
	3. Fiberglass strut systems.
	4. Pipe stands.
	5. Equipment supports.

	C. Delegated-Design Submittal:  For trapeze hangers indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparation.
	1. Detail fabrication and assembly of trapeze hangers.
	2. Design Calculations:  Calculate requirements for designing trapeze hangers.

	D. Welding certificates.

	1.6 QUALITY ASSURANCE
	A. Structural Steel Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.


	PART 2 -  PRODUCTS
	2.1 METAL PIPE HANGERS AND SUPPORTS
	A. Carbon-Steel Pipe Hangers and Supports:
	1. Description:  MSS SP-58, Types 1 through 58, factory-fabricated components.
	2. Galvanized Metallic Coatings:  Pregalvanized or hot dipped.
	3. Nonmetallic Coatings:  Plastic coating, jacket, or liner.
	4. Padded Hangers:  Hanger with fiberglass or other pipe insulation pad or cushion to support bearing surface of piping.

	B. Copper Pipe Hangers:
	1. Description:  MSS SP-58, Types 1 through 58, copper-coated-steel, factory-fabricated components.
	2. Hanger Rods:  Continuous-thread rod, nuts, and washer made of copper-coated steel.


	2.2 TRAPEZE PIPE HANGERS
	A. Description:  MSS SP-69, Type 59, shop- or field-fabricated pipe-support assembly made from structural carbon-steel shapes with MSS SP-58 carbon-steel hanger rods, nuts, saddles, and U-bolts.

	2.3 THERMAL-HANGER SHIELD INSERTS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Carpenter & Paterson, Inc.
	2. Clement Support Services.
	3. ERICO International Corporation.
	4. National Pipe Hanger Corporation.
	5. PHS Industries, Inc.
	6. Pipe Shields, Inc.; a subsidiary of Piping Technology & Products, Inc.
	7. Piping Technology & Products, Inc.
	8. Rilco Manufacturing Co., Inc.
	9. Value Engineered Products, Inc.

	B. Insulation-Insert Material for Hot Piping:  ASTM C 552, Type II cellular glass with 100-psig or ASTM C 591, Type VI, Grade 1 polyisocyanurate with 125-psig minimum compressive strength.
	C. For Trapeze or Clamped Systems:  Insert and shield shall cover entire circumference of pipe.
	D. For Clevis or Band Hangers:  Insert and shield shall cover lower 180 degrees of pipe.
	E. Insert Length:  Extend 2 inches beyond sheet metal shield for piping operating below ambient air temperature.

	2.4 FASTENER SYSTEMS
	A. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened Portland cement concrete with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.
	B. Mechanical-Expansion Anchors:  Insert-wedge-type, zinc-coated steel anchors, for use in hardened Portland cement concrete; with pull-out, tension, and shear capacities appropriate for supported loads and building materials where used.

	2.5 PIPE STANDS
	A. General Requirements for Pipe Stands:  Shop- or field-fabricated assemblies made of manufactured corrosion-resistant components to support roof-mounted piping.
	B. Compact Pipe Stand:  One-piece plastic unit with integral-rod roller, pipe clamps, or V-shaped cradle to support pipe, for roof installation without membrane penetration.
	C. Low-Type, Single-Pipe Stand:  One-piece plastic base unit with plastic roller, for roof installation without membrane penetration.
	D. High-Type, Single-Pipe Stand:
	1. Description:  Assembly of base, vertical and horizontal members, and pipe support, for roof installation without membrane penetration.
	2. Base:  Plastic.
	3. Vertical Members:  Two or more cadmium-plated-steel or stainless-steel, continuous-thread rods.
	4. Horizontal Member:  Cadmium-plated-steel or stainless-steel rod with plastic or stainless-steel, roller-type pipe support.

	E. High-Type, Multiple-Pipe Stand:
	1. Description:  Assembly of bases, vertical and horizontal members, and pipe supports, for roof installation without membrane penetration.
	2. Bases:  One or more; plastic.
	3. Vertical Members:  Two or more protective-coated-steel channels.
	4. Horizontal Member:  Protective-coated-steel channel.
	5. Pipe Supports:  Galvanized-steel, clevis-type pipe hangers.

	F. Curb-Mounted-Type Pipe Stands:  Shop- or field-fabricated pipe supports made from structural-steel shapes, continuous-thread rods, and rollers, for mounting on permanent stationary roof curb.

	2.6 EQUIPMENT SUPPORTS
	A. Description:  Welded, shop- or field-fabricated equipment support made from structural carbon-steel shapes.

	2.7 MISCELLANEOUS MATERIALS
	A. Structural Steel:  ASTM A 36/A 36M, carbon-steel plates, shapes, and bars; black and galvanized.
	B. Grout:  ASTM C 1107, factory-mixed and -packaged, dry, hydraulic-cement, nonshrink and nonmetallic grout; suitable for interior and exterior applications.
	1. Properties:  Nonstaining, noncorrosive, and nongaseous.
	2. Design Mix:  5000-psi, 28-day compressive strength.



	PART 3 -  EXECUTION
	3.1 HANGER AND SUPPORT INSTALLATION
	A. Metal Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Install hangers, supports, clamps, and attachments as required to properly support piping from the building structure.
	B. Metal Trapeze Pipe-Hanger Installation:  Comply with MSS SP-69 and MSS SP-89.  Arrange for grouping of parallel runs of horizontal piping, and support together on field-fabricated trapeze pipe hangers.
	1. Pipes of Various Sizes:  Support together and space trapezes for smallest pipe size or install intermediate supports for smaller diameter pipes as specified for individual pipe hangers.
	2. Field fabricate from ASTM A 36/A 36M, carbon-steel shapes selected for loads being supported.  Weld steel according to AWS D1.1/D1.1M.

	C. Fiberglass Pipe-Hanger Installation:  Comply with applicable portions of MSS SP-69 and MSS SP-89.  Install hangers and attachments as required to properly support piping from building structure.
	D. Metal Framing System Installation:  Arrange for grouping of parallel runs of piping, and support together on field-assembled metal framing systems.
	E. Fiberglass Strut System Installation:  Arrange for grouping of parallel runs of piping, and support together on field-assembled fiberglass struts.
	F. Thermal-Hanger Shield Installation:  Install in pipe hanger or shield for insulated piping.
	G. Fastener System Installation:
	1. Install powder-actuated fasteners for use in lightweight concrete or concrete slabs less than 4 inches thick in concrete after concrete is placed and completely cured.  Use operators that are licensed by powder-actuated tool manufacturer.  Install ...
	2. Install mechanical-expansion anchors in concrete after concrete is placed and completely cured.  Install fasteners according to manufacturer's written instructions.

	H. Pipe Stand Installation:
	1. Pipe Stand Types except Curb-Mounted Type:  Assemble components and mount on smooth roof surface.  Do not penetrate roof membrane.
	2. Curb-Mounted-Type Pipe Stands:  Assemble components or fabricate pipe stand and mount on permanent, stationary roof curb.  See Division 07 Section "Roof Accessories" for curbs.

	I. Install hangers and supports complete with necessary attachments, inserts, bolts, rods, nuts, washers, and other accessories.
	J. Equipment Support Installation:  Fabricate from welded-structural-steel shapes.
	K. Install hangers and supports to allow controlled thermal and seismic movement of piping systems, to permit freedom of movement between pipe anchors, and to facilitate action of expansion joints, expansion loops, expansion bends, and similar units.
	L. Install lateral bracing with pipe hangers and supports to prevent swaying.
	M. Install building attachments within concrete slabs or attach to structural steel.  Install additional attachments at concentrated loads, including valves, flanges, and strainers, NPS 2-1/2 and larger and at changes in direction of piping.  Install ...
	N. Load Distribution:  Install hangers and supports so that piping live and dead loads and stresses from movement will not be transmitted to connected equipment.
	O. Pipe Slopes:  Install hangers and supports to provide indicated pipe slopes and to not exceed maximum pipe deflections allowed by ASME B31.9 for building services piping.
	P. Insulated Piping:
	1. Attach clamps and spacers to piping.
	a. Piping Operating above Ambient Air Temperature:  Clamp may project through insulation.
	b. Piping Operating below Ambient Air Temperature:  Use thermal-hanger shield insert with clamp sized to match OD of insert.
	c. Do not exceed pipe stress limits allowed by ASME B31.9 for building services piping.

	2. Install MSS SP-58, Type 39, protection saddles if insulation without vapor barrier is indicated.  Fill interior voids with insulation that matches adjoining insulation.
	a. Option:  Thermal-hanger shield inserts may be used.  Include steel weight-distribution plate for pipe NPS 4 and larger if pipe is installed on rollers.

	3. Shield Dimensions for Pipe:  Not less than the following:
	a. NPS 1/4 to NPS 3-1/2:  12 inches long and 0.048 inch thick.
	b. NPS 4:  12 inches long and 0.06 inch thick.
	c. NPS 5 and NPS 6:  18 inches long and 0.06 inch thick.
	d. NPS 8 to NPS 14:  24 inches long and 0.075 inch thick.

	4. Pipes NPS 8 and Larger:  Include reinforced calcium-silicate-insulation inserts of length at least as long as protective shield.
	5. Thermal-Hanger Shields:  Install with insulation same thickness as piping insulation.


	3.2 EQUIPMENT SUPPORTS
	A. Fabricate structural-steel stands to suspend equipment from structure overhead or to support equipment above floor.
	B. Grouting:  Place grout under supports for equipment and make bearing surface smooth.
	C. Provide lateral bracing, to prevent swaying, for equipment supports.

	3.3 METAL FABRICATIONS
	A. Cut, drill, and fit miscellaneous metal fabrications for trapeze pipe hangers and equipment supports.
	B. Fit exposed connections together to form hairline joints.  Field weld connections that cannot be shop welded because of shipping size limitations.
	C. Field Welding:  Comply with AWS D1.1/D1.1M procedures for shielded, metal arc welding; appearance and quality of welds; and methods used in correcting welding work; and with the following:
	1. Use materials and methods that minimize distortion and develop strength and corrosion resistance of base metals.
	2. Obtain fusion without undercut or overlap.
	3. Remove welding flux immediately.
	4. Finish welds at exposed connections so no roughness shows after finishing and so contours of welded surfaces match adjacent contours.


	3.4 ADJUSTING
	A. Hanger Adjustments:  Adjust hangers to distribute loads equally on attachments and to achieve indicated slope of pipe.
	B. Trim excess length of continuous-thread hanger and support rods to 1-1/2 inches.

	3.5 PAINTING
	A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surf...
	1. Apply paint by brush or spray to provide a minimum dry film thickness of 2.0 mils.

	B. Touchup:  Cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal are specified in Division 09 painting Sections. Section "High-Performance Coatings."
	C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.

	3.6 HANGER AND SUPPORT SCHEDULE
	A. Specific hanger and support requirements are in Sections specifying piping systems and equipment.
	B. Comply with MSS SP-69 for pipe-hanger selections and applications that are not specified in piping system Sections.
	C. Use hangers and supports with galvanized metallic coatings for piping and equipment that will not have field-applied finish.
	D. Use nonmetallic coatings on attachments for electrolytic protection where attachments are in direct contact with copper tubing.
	E. Use carbon-steel pipe hangers and supports, metal trapeze pipe hangers and metal framing systems and attachments for general service applications.
	F. Use copper-plated pipe hangers and copper attachments for copper piping and tubing.
	G. Use padded hangers for piping that is subject to scratching.
	H. Use thermal-hanger shield inserts for insulated piping and tubing.
	I. Horizontal-Piping Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Adjustable, Steel Clevis Hangers (MSS Type 1):  For suspension of noninsulated or insulated, stationary pipes NPS 1/2 to NPS 30.
	2. Yoke-Type Pipe Clamps (MSS Type 2):  For suspension of up to 1050 deg F, pipes NPS 4 to NPS 24, requiring up to 4 inches of insulation.
	3. Carbon- or Alloy-Steel, Double-Bolt Pipe Clamps (MSS Type 3):  For suspension of pipes NPS 3/4 to NPS 36, requiring clamp flexibility and up to 4 inches of insulation.
	4. Steel Pipe Clamps (MSS Type 4):  For suspension of cold and hot pipes NPS 1/2 to NPS 24 if little or no insulation is required.
	5. Pipe Hangers (MSS Type 5):  For suspension of pipes NPS 1/2 to NPS 4, to allow off-center closure for hanger installation before pipe erection.
	6. Adjustable, Swivel Split- or Solid-Ring Hangers (MSS Type 6):  For suspension of noninsulated, stationary pipes NPS 3/4 to NPS 8.
	7. Adjustable, Steel Band Hangers (MSS Type 7):  For suspension of noninsulated, stationary pipes NPS 1/2 to NPS 8.
	8. Adjustable Band Hangers (MSS Type 9):  For suspension of noninsulated, stationary pipes NPS 1/2 to NPS 8.
	9. Adjustable, Swivel-Ring Band Hangers (MSS Type 10):  For suspension of noninsulated, stationary pipes NPS 1/2 to NPS 8.
	10. Split Pipe Ring with or without Turnbuckle Hangers (MSS Type 11):  For suspension of noninsulated, stationary pipes NPS 3/8 to NPS 8.
	11. Extension Hinged or Two-Bolt Split Pipe Clamps (MSS Type 12):  For suspension of noninsulated, stationary pipes NPS 3/8 to NPS 3.
	12. U-Bolts (MSS Type 24):  For support of heavy pipes NPS 1/2 to NPS 30.
	13. Clips (MSS Type 26):  For support of insulated pipes not subject to expansion or contraction.
	14. Pipe Saddle Supports (MSS Type 36):  For support of pipes NPS 4 to NPS 36, with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate.
	15. Pipe Stanchion Saddles (MSS Type 37):  For support of pipes NPS 4 to NPS 36, with steel-pipe base stanchion support and cast-iron floor flange or carbon-steel plate, and with U-bolt to retain pipe.
	16. Single-Pipe Rolls (MSS Type 41):  For suspension of pipes NPS 1 to NPS 30, from two rods if longitudinal movement caused by expansion and contraction might occur.
	17. Adjustable Roller Hangers (MSS Type 43):  For suspension of pipes NPS 2-1/2 to NPS 24, from single rod if horizontal movement caused by expansion and contraction might occur.
	18. Complete Pipe Rolls (MSS Type 44):  For support of pipes NPS 2 to NPS 42 if longitudinal movement caused by expansion and contraction might occur but vertical adjustment is not necessary.
	19. Pipe Roll and Plate Units (MSS Type 45):  For support of pipes NPS 2 to NPS 24 if small horizontal movement caused by expansion and contraction might occur and vertical adjustment is not necessary.

	J. Vertical-Piping Clamps:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Extension Pipe or Riser Clamps (MSS Type 8):  For support of pipe risers NPS 3/4 to NPS 24.
	2. Carbon- or Alloy-Steel Riser Clamps (MSS Type 42):  For support of pipe risers NPS 3/4 to NPS 24 if longer ends are required for riser clamps.

	K. Hanger-Rod Attachments:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel Turnbuckles (MSS Type 13):  For adjustment up to 6 inches for heavy loads.
	2. Steel Clevises (MSS Type 14):  For 120 to 450 deg F piping installations.
	3. Swivel Turnbuckles (MSS Type 15):  For use with MSS Type 11, split pipe rings.
	4. Malleable-Iron Sockets (MSS Type 16):  For attaching hanger rods to various types of building attachments.
	5. Steel Weldless Eye Nuts (MSS Type 17):  For 120 to 450 deg F piping installations.

	L. Building Attachments:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel or Malleable Concrete Inserts (MSS Type 18):  For upper attachment to suspend pipe hangers from concrete ceiling.
	2. Top-Beam C-Clamps (MSS Type 19):  For use under roof installations with bar-joist construction, to attach to top flange of structural shape.
	3. Side-Beam or Channel Clamps (MSS Type 20):  For attaching to bottom flange of beams, channels, or angles.
	4. Center-Beam Clamps (MSS Type 21):  For attaching to center of bottom flange of beams.
	5. Welded Beam Attachments (MSS Type 22):  For attaching to bottom of beams if loads are considerable and rod sizes are large.
	6. C-Clamps (MSS Type 23):  For structural shapes.
	7. Top-Beam Clamps (MSS Type 25):  For top of beams if hanger rod is required tangent to flange edge.
	8. Side-Beam Clamps (MSS Type 27):  For bottom of steel I-beams.
	9. Steel-Beam Clamps with Eye Nuts (MSS Type 28):  For attaching to bottom of steel I-beams for heavy loads.
	10. Linked-Steel Clamps with Eye Nuts (MSS Type 29):  For attaching to bottom of steel I-beams for heavy loads, with link extensions.
	11. Malleable-Beam Clamps with Extension Pieces (MSS Type 30):  For attaching to structural steel.
	12. Welded-Steel Brackets:  For support of pipes from below or for suspending from above by using clip and rod.  Use one of the following for indicated loads:
	a. Light (MSS Type 31):  750 lb.
	b. Medium (MSS Type 32):  1500 lb.
	c. Heavy (MSS Type 33):  3000 lb.

	13. Side-Beam Brackets (MSS Type 34):  For sides of steel or wooden beams.
	14. Plate Lugs (MSS Type 57):  For attaching to steel beams if flexibility at beam is required.
	15. Horizontal Travelers (MSS Type 58):  For supporting piping systems subject to linear horizontal movement where headroom is limited.

	M. Saddles and Shields:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Steel-Pipe-Covering Protection Saddles (MSS Type 39):  To fill interior voids with insulation that matches adjoining insulation.
	2. Protection Shields (MSS Type 40):  Of length recommended in writing by manufacturer to prevent crushing insulation.
	3. Thermal-Hanger Shield Inserts:  For supporting insulated pipe.

	N. Spring Hangers and Supports:  Unless otherwise indicated and except as specified in piping system Sections, install the following types:
	1. Restraint-Control Devices (MSS Type 47):  Where indicated to control piping movement.
	2. Spring Cushions (MSS Type 48):  For light loads if vertical movement does not exceed 1-1/4 inches.
	3. Spring-Cushion Roll Hangers (MSS Type 49):  For equipping Type 41, roll hanger with springs.
	4. Spring Sway Braces (MSS Type 50):  To retard sway, shock, vibration, or thermal expansion in piping systems.
	5. Variable-Spring Hangers (MSS Type 51):  Preset to indicated load and limit variability factor to 25 percent to allow expansion and contraction of piping system from hanger.
	6. Variable-Spring Base Supports (MSS Type 52):  Preset to indicated load and limit variability factor to 25 percent to allow expansion and contraction of piping system from base support.
	7. Variable-Spring Trapeze Hangers (MSS Type 53):  Preset to indicated load and limit variability factor to 25 percent to allow expansion and contraction of piping system from trapeze support.
	8. Constant Supports:  For critical piping stress and if necessary to avoid transfer of stress from one support to another support, critical terminal, or connected equipment.  Include auxiliary stops for erection, hydrostatic test, and load-adjustment...
	a. Horizontal (MSS Type 54):  Mounted horizontally.
	b. Vertical (MSS Type 55):  Mounted vertically.
	c. Trapeze (MSS Type 56):  Two vertical-type supports and one trapeze member.


	O. Comply with MSS SP-69 for trapeze pipe-hanger selections and applications that are not specified in piping system Sections.
	P. Comply with MFMA-103 for metal framing system selections and applications that are not specified in piping system Sections.
	Q. Use powder-actuated fasteners or mechanical-expansion anchors instead of building attachments where required in concrete construction.



	230553 - identification for hvac piping & equip
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Equipment labels.
	2. Warning signs and labels.
	3. Pipe labels.
	4. Stencils.
	5. Valve tags.
	6. Warning tags.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Samples:  For color, letter style, and graphic representation required for each identification material and device.
	C. Equipment Label Schedule:  Include a listing of all equipment to be labeled with the proposed content for each label.
	D. Valve numbering scheme.
	E. Valve Schedules:  For each piping system to include in maintenance manuals.

	1.4 COORDINATION
	A. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	B. Coordinate installation of identifying devices with locations of access panels and doors.
	C. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 -  PRODUCTS
	2.1 EQUIPMENT LABELS
	A. Plastic Labels for Equipment:
	1. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	2. Letter Color:  White.
	3. Background Color:  Black.
	4. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
	5. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	6. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	7. Fasteners:  Stainless-steel rivets or self-tapping screws.
	8. Adhesive:  Contact-type permanent adhesive, compatible with label and with substrate.

	B. Label Content:  Include equipment's Drawing designation or unique equipment number, Drawing numbers where equipment is indicated (plans, details, and schedules).
	C. Equipment Label Schedule:  For each item of equipment to be labeled, on 8-1/2-by-11-inch bond paper.  Tabulate equipment identification number and identify Drawing numbers where equipment is indicated (plans, details, and schedules), plus the Speci...

	2.2 WARNING SIGNS AND LABELS
	A. Material and Thickness:  Multilayer, multicolor, plastic labels for mechanical engraving, 1/8 inch thick, and having predrilled holes for attachment hardware.
	B. Letter Color:  Red.
	C. Background Color:  Black.
	D. Maximum Temperature:  Able to withstand temperatures up to 160 deg F.
	E. Minimum Label Size:  Length and width vary for required label content, but not less than 2-1/2 by 3/4 inch.
	F. Minimum Letter Size:  1/4 inch for name of units if viewing distance is less than 24 inches, 1/2 inch for viewing distances up to 72 inches, and proportionately larger lettering for greater viewing distances.  Include secondary lettering two-thirds...
	G. Fasteners:  Stainless-steel rivets or self-tapping screws.
	H. Label Content:  Include caution and warning information, plus emergency notification instructions.

	2.3 PIPE LABELS
	A. General Requirements for Manufactured Pipe Labels:  Preprinted, color-coded, with lettering indicating service, and showing flow direction.
	B. Pretensioned Pipe Labels:  Precoiled, semirigid plastic formed to partially cover circumference of pipe and to attach to pipe without fasteners or adhesive.
	C. Self-Adhesive Pipe Labels:  Printed plastic with contact-type, permanent-adhesive backing.
	D. Pipe Label Contents:  Include identification of piping service using same designations or abbreviations as used on Drawings, pipe size, and an arrow indicating flow direction.
	1. Flow-Direction Arrows:  Integral with piping system service lettering to accommodate both directions, or as separate unit on each pipe label to indicate flow direction.
	2. Lettering Size:  At least 1-1/2 inches high.


	2.4 VALVE TAGS
	A. Valve Tags:  Stamped or engraved with 1/4-inch letters for piping system abbreviation and 1/2-inch numbers.
	1. Tag Material:  Brass, 0.032-inch, Stainless steel, 0.025-inch minimum thickness, and having predrilled or stamped holes for attachment hardware.
	2. Fasteners:  Brass wire-link or beaded chain; or S-hook.

	B. Valve Schedules:  For each piping system, on 8-1/2-by-11-inch bond paper.  Tabulate valve number, piping system, system abbreviation (as shown on valve tag), location of valve (room or space), normal-operating position (open, closed, or modulating)...
	1. Valve-tag schedule shall be included in operation and maintenance data.



	PART 3 -  EXECUTION
	3.1 PREPARATION
	A. Clean piping and equipment surfaces of substances that could impair bond of identification devices, including dirt, oil, grease, release agents, and incompatible primers, paints, and encapsulants.

	3.2 EQUIPMENT LABEL INSTALLATION
	A. Install or permanently fasten labels on each major item of mechanical equipment.
	B. Locate equipment labels where accessible and visible.

	3.3 PIPE LABEL INSTALLATION
	A. Stenciled Pipe Label Option:  Stenciled labels may be provided instead of manufactured pipe labels, at Installer's option.  Install stenciled pipe labels with painted, color-coded bands or rectangles, complying with ASME A13.1 on each piping system.
	1. Identification Paint:  Use for contrasting background.
	2. Stencil Paint:  Use for pipe marking.

	B. Locate pipe labels where piping is exposed or above accessible ceilings in finished spaces; machine rooms; accessible maintenance spaces such as shafts, tunnels, and plenums; and exterior exposed locations as follows:
	1. Near each branch connection, excluding short takeoffs for fixtures and terminal units.  Where flow pattern is not obvious, mark each pipe at branch.
	2. Near penetrations through walls, floors, ceilings, and inaccessible enclosures.
	3. At access doors, manholes, and similar access points that permit view of concealed piping.
	4. Near major equipment items and other points of origination and termination.
	5. Spaced at maximum intervals of 50 feet along each run.  Reduce intervals to 25 feet in areas of congested piping and equipment.
	6. On piping above removable acoustical ceilings.  Omit intermediately spaced labels.

	C. Pipe Label Color Schedule:
	1. Heating Water Piping (HWS & HWR):
	a. Background Color:  White.
	b. Letter Color:  Red.

	2. Cold Water Make-Up Piping (CW):
	a. Background Color:  White.
	b. Letter Color:  Green.

	3. Boiler Feed Piping (BF):
	a. Background Color:  Black.
	b. Letter Color:  White.

	4. Pumped Low-Pressure Steam Condensate Piping (PC):
	a. Background Color:  Black.
	b. Letter Color:  White.

	5. Low-Pressure Steam Piping (LPS):
	a. Background Color:  Black.
	b. Letter Color:  White.

	6. Low-Pressure Steam Condensate Piping (LPC):
	a. Background Color:  Black.
	b. Letter Color:  Blue.

	7. Gas Piping
	a. Background Color:  White.
	b. Letter Color:  Yellow.



	3.4 VALVE-TAG INSTALLATION
	A. Install tags on valves and control devices in piping systems, except check valves; valves within factory-fabricated equipment units; shutoff valves; faucets; convenience and lawn-watering hose connections; and HVAC terminal devices and similar roug...
	B. Valve-Tag Application Schedule:  Tag valves according to size, shape, and color scheme and with captions similar to those indicated in the following subparagraphs:
	1. Valve-Tag Size and Shape:
	a. Hot Water:  1-1/2 inches, square.
	b. Cold Water Make-Up: 1-1/2 inches, square.
	c. Gas:  1-1/2 inches square.
	d. Low-Pressure Steam:  1-1/2 inches round.
	e. Steam Condensate, Boiler Feed, & Pumped Condensate:  1-1/2 inches round.

	2. Valve-Tag Color:
	a. Hot Water:  Natural.
	b. Cold Water Make-Up:  Natural.
	c. Gas:  Yellow.
	d. Low-Pressure Steam:  Natural.
	e. Steam Condensate, Boiler Feed, & Pumped Condensate:  Natural.

	3. Letter Color:
	a. Hot Water:  Black.
	b. Cold Water Make-Up:  Black.
	c. Gas:  White.
	d. Low-Pressure Steam:  Black.
	e. Steam Condensate, Boiler Feed, & Pumped Condensate:  Black.



	3.5 WARNING-TAG INSTALLATION
	A. Write required message on, and attach warning tags to, equipment and other items where required.



	230593 - testing, adj, & balancing for hvac
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Balancing Hydronic Piping Systems:
	a. Variable-flow hydronic systems.
	b. Primary-secondary hydronic systems.

	2. Balancing Steam Piping Systems.


	1.3 DEFINITIONS
	A. AABC:  Associated Air Balance Council.
	B. NEBB:  National Environmental Balancing Bureau.
	C. TAB:  Testing, adjusting, and balancing.
	D. TABB:  Testing, Adjusting, and Balancing Bureau.
	E. TAB Specialist:  An entity engaged to perform TAB Work.

	1.4 SUBMITTALS
	A. Qualification Data:  30 days of Contractor's Notice to Proceed, submit documentation that the TAB contractor and this Project's TAB team members meet the qualifications specified in "Quality Assurance" Article.
	B. Contract Documents Examination Report:  Within 30 days of Contractor's Notice to Proceed, submit the Contract Documents review report as specified in Part 3.
	C. Strategies and Procedures Plan:  Within 60 days of Contractor's Notice to Proceed, submit TAB strategies and step-by-step procedures as specified in "Preparation" Article.
	D. Certified TAB reports.
	E. Sample report forms.
	F. Instrument calibration reports, to include the following:
	1. Instrument type and make.
	2. Serial number.
	3. Application.
	4. Dates of use.
	5. Dates of calibration.


	1.5 QUALITY ASSURANCE
	A. TAB Contractor Qualifications:  Engage a TAB entity certified by AABC, NEBB or TABB.
	1. TAB Field Supervisor:  Employee of the TAB contractor and certified by AABC, NEBB or TABB.
	2. TAB Technician:  Employee of the TAB contractor and who is certified by AABC, NEBB or TABB as a TAB technician.

	B. TAB Conference:  Meet with Architect or Owner on approval of the TAB strategies and procedures plan to develop a mutual understanding of the details.  Require the participation of the TAB field supervisor and technicians.  Provide seven days' advan...
	1. Agenda Items:
	a. The Contract Documents examination report.
	b. The TAB plan.
	c. Coordination and cooperation of trades and subcontractors.
	d. Coordination of documentation and communication flow.


	C. Certify TAB field data reports and perform the following:
	1. Review field data reports to validate accuracy of data and to prepare certified TAB reports.
	2. Certify that the TAB team complied with the approved TAB plan and the procedures specified and referenced in this Specification.

	D. TAB Report Forms:  Use standard TAB contractor's forms approved by Architect or Commissioning Authority.
	E. Instrumentation Type, Quantity, Accuracy, and Calibration:  As described in ASHRAE 111, Section 5, "Instrumentation."

	1.6 PROJECT CONDITIONS
	A. Full Owner Occupancy:  Owner will occupy the site and existing building during entire TAB period.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.
	B. Partial Owner Occupancy:  Owner may occupy completed areas of building before Substantial Completion.  Cooperate with Owner during TAB operations to minimize conflicts with Owner's operations.

	1.7 COORDINATION
	A. Notice:  Provide seven days' advance notice for each test.  Include scheduled test dates and times.
	B. Perform TAB after leakage and pressure tests on air and water distribution systems have been satisfactorily completed.


	PART 2 -  PRODUCTS (Not Applicable)
	PART 3 -  EXECUTION
	3.1 TAB SPECIALISTS
	A. Subject to compliance with requirements, available TAB contractors that may be engaged include, but are not limited to, the following:
	1. USC Environmental Inc. - James Stainer, President, Phone: (908) 722-3330.


	3.2 EXAMINATION
	A. Examine the Contract Documents to become familiar with Project requirements and to discover conditions in systems' designs that may preclude proper TAB of systems and equipment.
	B. Examine systems for installed balancing devices, such as test ports, gage cocks, thermometer wells, flow-control devices, balancing valves and fittings, and manual volume dampers.  Verify that locations of these balancing devices are accessible.
	C. Examine the approved submittals for HVAC systems and equipment.
	D. Examine design data including HVAC system descriptions, statements of design assumptions for environmental conditions and systems' output, and statements of philosophies and assumptions about HVAC system and equipment controls.
	E. Examine ceiling plenums used for return, or relief air to verify that they meet the leakage class of connected ducts as specified in Division 23 Section "Metal Ducts" and are properly separated from adjacent areas.  Verify that penetrations in plen...
	F. Examine equipment performance data including fan and pump curves.
	1. Relate performance data to Project conditions and requirements, including system effects that can create undesired or unpredicted conditions that cause reduced capacities in all or part of a system.
	2. Calculate system-effect factors to reduce performance ratings of HVAC equipment when installed under conditions different from the conditions used to rate equipment performance.  To calculate system effects for air systems, use tables and charts fo...

	G. Examine system and equipment installations and verify that field quality-control testing, cleaning, and adjusting specified in individual Sections have been performed.
	H. Examine test reports specified in individual system and equipment Sections.
	I. Examine HVAC equipment and filters and verify that bearings are greased, belts are aligned and tight, and equipment with functioning controls is ready for operation.
	J. Examine terminal units, such as variable-air-volume boxes, and verify that they are accessible and their controls are connected and functioning.
	K. Examine strainers.  Verify that startup screens are replaced by permanent screens with indicated perforations.
	L. Examine three-way valves for proper installation for their intended function of diverting or mixing fluid flows.
	M. Examine heat-transfer coils for correct piping connections and for clean and straight fins.
	N. Examine system pumps to ensure absence of entrained air in the suction piping.
	O. Examine operating safety interlocks and controls on HVAC equipment.
	P. Report deficiencies discovered before and during performance of TAB procedures.  Observe and record system reactions to changes in conditions.  Record default set points if different from indicated values.

	3.3 PREPARATION
	A. Prepare a TAB plan that includes strategies and step-by-step procedures.
	B. Complete system-readiness checks and prepare reports.  Verify the following:
	1. Permanent electrical-power wiring is complete.
	2. Hydronic systems are filled, clean, and free of air.
	3. Automatic temperature-control systems are operational.
	4. Equipment and duct access doors are securely closed.
	5. Balance, smoke, and fire dampers are open.
	6. Isolating and balancing valves are open and control valves are operational.
	7. Ceilings are installed in critical areas where air-pattern adjustments are required and access to balancing devices is provided.
	8. Windows and doors can be closed so indicated conditions for system operations can be met.

	C. Review all contract documents, existing conditions, and as-built conditions pertaining to the HVAC systems.
	D. Mechanical Contractor shall provide all equipment, material, parts, supplies, and labor to balance all HVAC equipment to owner’s satisfaction.

	3.4 GENERAL PROCEDURES FOR TESTING AND BALANCING
	A. Perform testing and balancing procedures on each system according to the procedures contained in AABC's "National Standards for Total System Balance" or NEBB's "Procedural Standards for Testing, Adjusting, and Balancing of Environmental Systems" an...
	1. Comply with requirements in ASHRAE 62.1-2004, Section 7.2.2, "Air Balancing."

	B. Cut insulation, pipes, and equipment cabinets for installation of test probes to the minimum extent necessary for TAB procedures.
	1. After testing and balancing, patch probe holes in with same material and thickness as used to construct ducts.
	2. Install and join new insulation that matches removed materials.  Restore insulation, coverings, vapor barrier, and finish according to Division 23 Section "HVAC Insulation."

	C. Mark equipment and balancing devices, including damper-control positions, valve position indicators, fan-speed-control levers, and similar controls and devices, with paint or other suitable, permanent identification material to show final settings.
	D. Take and report testing and balancing measurements in inch-pound units.

	3.5 GENERAL PROCEDURES FOR HYDRONIC SYSTEMS
	A. Prepare test reports with pertinent design data, and number in sequence starting at pump to end of system.  Check the sum of branch-circuit flows against the approved pump flow rate.  Correct variations that exceed plus or minus 5 percent.
	B. Prepare schematic diagrams of systems' "as-built" piping layouts.
	C. Prepare hydronic systems for testing and balancing according to the following, in addition to the general preparation procedures specified above:
	1. Open all manual valves for maximum flow.
	2. Check liquid level in expansion tank.
	3. Check makeup water-station pressure gage for adequate pressure for highest vent.
	4. Check flow-control valves for specified sequence of operation, and set at indicated flow.
	5. Set differential-pressure control valves at the specified differential pressure.  Do not set at fully closed position when pump is positive-displacement type unless several terminal valves are kept open.
	6. Set system controls so automatic valves are wide open to heat exchangers.
	7. Check pump-motor load.  If motor is overloaded, throttle main flow-balancing device so motor nameplate rating is not exceeded.
	8. Check air vents for a forceful liquid flow exiting from vents when manually operated.


	3.6 PROCEDURES FOR CONSTANT-FLOW HYDRONIC SYSTEMS
	A. Measure water flow at pumps.  Use the following procedures except for positive-displacement pumps:
	1. Verify impeller size by operating the pump with the discharge valve closed.  Read pressure differential across the pump.  Convert pressure to head and correct for differences in gage heights.  Note the point on manufacturer's pump curve at zero flo...
	a. If impeller sizes must be adjusted to achieve pump performance, obtain approval from Owner and comply with requirements in Division 23 Section "Hydronic Pumps."

	2. Check system resistance.  With all valves open, read pressure differential across the pump and mark pump manufacturer's head-capacity curve.  Adjust pump discharge valve until indicated water flow is achieved.
	a. Monitor motor performance during procedures and do not operate motors in overload conditions.

	3. Verify pump-motor brake horsepower.  Calculate the intended brake horsepower for the system based on pump manufacturer's performance data.  Compare calculated brake horsepower with nameplate data on the pump motor.  Report conditions where actual a...
	4. Report flow rates that are not within plus or minus 10 percent of design.

	B. Measure flow at all automatic flow control valves to verify that valves are functioning as designed.
	C. Measure flow at all pressure-independent characterized control valves, with valves in fully open position, to verify that valves are functioning as designed.
	D. Set calibrated balancing valves, if installed, at calculated presettings.
	E. Measure flow at all stations and adjust, where necessary, to obtain first balance.
	1. System components that have Cv rating or an accurately cataloged flow-pressure-drop relationship may be used as a flow-indicating device.

	F. Measure flow at main balancing station and set main balancing device to achieve flow that is 5 percent greater than indicated flow.
	G. Adjust balancing stations to within specified tolerances of indicated flow rate as follows:
	1. Determine the balancing station with the highest percentage over indicated flow.
	2. Adjust each station in turn, beginning with the station with the highest percentage over indicated flow and proceeding to the station with the lowest percentage over indicated flow.
	3. Record settings and mark balancing devices.

	H. Measure pump flow rate and make final measurements of pump amperage, voltage, rpm, pump heads, and systems' pressures and temperatures including outdoor-air temperature.
	I. Measure the differential-pressure-control-valve settings existing at the conclusion of balancing.
	J. Check settings and operation of each safety valve.  Record settings.

	3.7 PROCEDURES FOR VARIABLE-FLOW HYDRONIC SYSTEMS
	A. Balance systems with automatic two- and three-way control valves by setting systems at maximum flow through heat-exchange terminals and proceed as specified above for hydronic systems.

	3.8 PROCEDURES FOR PRIMARY-SECONDARY HYDRONIC SYSTEMS
	A. Balance the primary circuit flow first and then balance the secondary circuits.

	3.9 PROCEDURES FOR STEAM SYSTEMS
	A. Measure and record upstream and downstream pressure of each piece of equipment.
	B. Measure and record upstream and downstream steam pressure of pressure-reducing valves.
	C. Check settings and operation of automatic temperature-control valves, self-contained control valves, and pressure-reducing valves.  Record final settings.
	D. Check settings and operation of each safety valve.  Record settings.
	E. Verify the operation of each steam trap.

	3.10 PROCEDURES FOR MOTORS
	A. Motors, 1/2 HP and Larger:  Test at final balanced conditions and record the following data:
	1. Manufacturer's name, model number, and serial number.
	2. Motor horsepower rating.
	3. Motor rpm.
	4. Efficiency rating.
	5. Nameplate and measured voltage, each phase.
	6. Nameplate and measured amperage, each phase.
	7. Starter thermal-protection-element rating.

	B. Motors Driven by Variable-Frequency Controllers:  Test for proper operation at speeds varying from minimum to maximum.  Test the manual bypass of the controller to prove proper operation.  Record observations including name of controller manufactur...

	3.11 PROCEDURES FOR BOILERS
	A. Steam Boilers:  Measure and record entering-water temperature and flow and leaving-steam pressure, temperature, and flow.

	3.12 PROCEDURES FOR HEAT EXCHANGERS
	A. Measure water flow through all circuits.
	B. Adjust water flow to within specified tolerances.
	C. Measure inlet and outlet water temperatures.
	D. Measure inlet steam pressure.
	E. Check settings and operation of safety and relief valves.  Record settings.

	3.13 PROCEDURES FOR HEAT-TRANSFER COILS
	A. Measure, adjust, and record the following data for each water coil:
	1. Entering- and leaving-water temperature.
	2. Water flow rate.
	3. Water pressure drop.
	4. Dry-bulb temperature of entering and leaving air.
	5. Wet-bulb temperature of entering and leaving air for cooling coils.
	6. Airflow.
	7. Air pressure drop.

	B. Measure, adjust, and record the following data for each electric heating coil:
	1. Nameplate data.
	2. Airflow.
	3. Entering- and leaving-air temperature at full load.
	4. Voltage and amperage input of each phase at full load and at each incremental stage.
	5. Calculated kilowatt at full load.
	6. Fuse or circuit-breaker rating for overload protection.

	C. Measure, adjust, and record the following data for each steam coil:
	1. Dry-bulb temperature of entering and leaving air.
	2. Airflow.
	3. Air pressure drop.
	4. Inlet steam pressure.

	D. Measure, adjust, and record the following data for each refrigerant coil:
	1. Dry-bulb temperature of entering and leaving air.
	2. Wet-bulb temperature of entering and leaving air.
	3. Airflow.
	4. Air pressure drop.
	5. Refrigerant suction pressure and temperature.


	3.14 PROCEDURES FOR TESTING, ADJUSTING, AND BALANCING EXISTING SYSTEMS
	A. Perform a preconstruction inspection of existing equipment that is to remain and be reused.
	1. Measure and record the operating speed, airflow, and static pressure of each fan.
	2. Measure motor voltage and amperage.  Compare the values to motor nameplate information.
	3. Check the refrigerant charge.
	4. Check the condition of filters.
	5. Check the condition of coils.
	6. Check the operation of the drain pan and condensate-drain trap.
	7. Check bearings and other lubricated parts for proper lubrication.
	8. Report on the operating condition of the equipment and the results of the measurements taken.  Report deficiencies.

	B. Before performing testing and balancing of existing systems, inspect existing equipment that is to remain and be reused to verify that existing equipment has been cleaned and refurbished.  Verify the following:
	1. New filters are installed.
	2. Coils are clean and fins combed.
	3. Drain pans are clean.
	4. Fans are clean.
	5. Bearings and other parts are properly lubricated.
	6. Deficiencies noted in the preconstruction report are corrected.

	C. Perform testing and balancing of existing systems to the extent that existing systems are affected by the renovation work.
	1. Compare the indicated airflow of the renovated work to the measured fan airflows, and determine the new fan speed and the face velocity of filters and coils.
	2. Verify that the indicated airflows of the renovated work result in filter and coil face velocities and fan speeds that are within the acceptable limits defined by equipment manufacturer.
	3. If calculations increase or decrease the air flow rates and water flow rates by more than 5 percent, make equipment adjustments to achieve the calculated rates.  If increase or decrease is 5 percent or less, equipment adjustments are not required.
	4. Balance each air outlet.


	3.15 TOLERANCES
	A. Set HVAC system's air flow rates and water flow rates within the following tolerances:
	1. Supply, Return, and Exhaust Fans and Equipment with Fans:  Plus or minus 10 percent.
	2. Air Outlets and Inlets:  Plus or minus 10 percent.
	3. Heating-Water Flow Rate:  Plus or minus 10 percent.


	3.16 REPORTING
	A. Initial Construction-Phase Report:  Based on examination of the Contract Documents as specified in "Examination" Article, prepare a report on the adequacy of design for systems' balancing devices.  Recommend changes and additions to systems' balanc...
	B. Status Reports:  Prepare monthly progress reports to describe completed procedures, procedures in progress, and scheduled procedures.  Include a list of deficiencies and problems found in systems being tested and balanced.  Prepare a separate repor...

	3.17 FINAL REPORT
	A. General:  Prepare a certified written report; tabulate and divide the report into separate sections for tested systems and balanced systems.
	1. Include a certification sheet at the front of the report's binder, signed and sealed by the certified testing and balancing engineer.
	2. Include a list of instruments used for procedures, along with proof of calibration.

	B. Final Report Contents:  In addition to certified field-report data, include the following:
	1. Pump curves.
	2. Fan curves.
	3. Manufacturers' test data.
	4. Field test reports prepared by system and equipment installers.
	5. Other information relative to equipment performance; do not include Shop Drawings and product data.

	C. General Report Data:  In addition to form titles and entries, include the following data:
	1. Title page.
	2. Name and address of the TAB contractor.
	3. Project name.
	4. Project location.
	5. Architect's name and address.
	6. Engineer's name and address.
	7. Contractor's name and address.
	8. Report date.
	9. Signature of TAB supervisor who certifies the report.
	10. Table of Contents with the total number of pages defined for each section of the report.  Number each page in the report.
	11. Summary of contents including the following:
	a. Indicated versus final performance.
	b. Notable characteristics of systems.
	c. Description of system operation sequence if it varies from the Contract Documents.

	12. Nomenclature sheets for each item of equipment.
	13. Data for terminal units, including manufacturer's name, type, size, and fittings.
	14. Notes to explain why certain final data in the body of reports vary from indicated values.
	15. Test conditions for fans and pump performance forms including the following:
	a. Settings for outdoor-, return-, and exhaust-air dampers.
	b. Conditions of filters.
	c. Cooling coil, wet- and dry-bulb conditions.
	d. Face and bypass damper settings at coils.
	e. Fan drive settings including settings and percentage of maximum pitch diameter.
	f. Inlet vane settings for variable-air-volume systems.
	g. Settings for supply-air, static-pressure controller.
	h. Other system operating conditions that affect performance.


	D. System Diagrams:  Include schematic layouts of air and hydronic distribution systems.  Present each system with single-line diagram and include the following:
	1. Quantities of outdoor, supply, return, and exhaust airflows.
	2. Water and steam flow rates.
	3. Duct, outlet, and inlet sizes.
	4. Pipe and valve sizes and locations.
	5. Terminal units.
	6. Balancing stations.
	7. Position of balancing devices.

	E. Apparatus-Coil Test Reports:
	1. Coil Data:
	a. System identification.
	b. Location.
	c. Coil type.
	d. Number of rows.
	e. Fin spacing in fins per inch o.c.
	f. Make and model number.
	g. Face area in sq. ft.
	h. Tube size in NPS.
	i. Tube and fin materials.
	j. Circuiting arrangement.

	2. Test Data (Indicated and Actual Values):
	a. Air flow rate in cfm.
	b. Average face velocity in fpm.
	c. Air pressure drop in inches wg.
	d. Outdoor-air, wet- and dry-bulb temperatures in deg F.
	e. Return-air, wet- and dry-bulb temperatures in deg F.
	f. Entering-air, wet- and dry-bulb temperatures in deg F.
	g. Leaving-air, wet- and dry-bulb temperatures in deg F.
	h. Water flow rate in gpm.
	i. Water pressure differential in feet of head or psig.
	j. Entering-water temperature in deg F.
	k. Leaving-water temperature in deg F.
	l. Refrigerant expansion valve and refrigerant types.
	m. Refrigerant suction pressure in psig.
	n. Refrigerant suction temperature in deg F.
	o. Inlet steam pressure in psig.


	F. Gas- and Oil-Fired Heat Apparatus Test Reports:  In addition to manufacturer's factory startup equipment reports, include the following:
	1. Unit Data:
	a. System identification.
	b. Location.
	c. Make and type.
	d. Model number and unit size.
	e. Manufacturer's serial number.
	f. Fuel type in input data.
	g. Output capacity in Btu/h.
	h. Ignition type.
	i. Burner-control types.
	j. Motor horsepower and rpm.
	k. Motor volts, phase, and hertz.
	l. Motor full-load amperage and service factor.
	m. Sheave make, size in inches, and bore.
	n. Center-to-center dimensions of sheave, and amount of adjustments in inches.

	2. Test Data (Indicated and Actual Values):
	a. Total air flow rate in cfm.
	b. Entering-air temperature in deg F.
	c. Leaving-air temperature in deg F.
	d. Air temperature differential in deg F.
	e. Entering-air static pressure in inches wg.
	f. Leaving-air static pressure in inches wg.
	g. Air static-pressure differential in inches wg.
	h. Low-fire fuel input in Btu/h.
	i. High-fire fuel input in Btu/h.
	j. Manifold pressure in psig.
	k. High-temperature-limit setting in deg F.
	l. Operating set point in Btu/h.
	m. Motor voltage at each connection.
	n. Motor amperage for each phase.
	o. Heating value of fuel in Btu/h.


	G. Fan Test Reports:  For supply, return, and exhaust fans, include the following:
	1. Fan Data:
	a. System identification.
	b. Location.
	c. Make and type.
	d. Model number and size.
	e. Manufacturer's serial number.
	f. Arrangement and class.
	g. Sheave make, size in inches, and bore.
	h. Center-to-center dimensions of sheave, and amount of adjustments in inches.

	2. Motor Data:
	a. Motor make, and frame type and size.
	b. Horsepower and rpm.
	c. Volts, phase, and hertz.
	d. Full-load amperage and service factor.
	e. Sheave make, size in inches, and bore.
	f. Center-to-center dimensions of sheave, and amount of adjustments in inches.
	g. Number, make, and size of belts.

	3. Test Data (Indicated and Actual Values):
	a. Total airflow rate in cfm.
	b. Total system static pressure in inches wg.
	c. Fan rpm.
	d. Discharge static pressure in inches wg.
	e. Suction static pressure in inches wg.


	H. Pump Test Reports:  Calculate impeller size by plotting the shutoff head on pump curves and include the following:
	1. Unit Data:
	a. Unit identification.
	b. Location.
	c. Service.
	d. Make and size.
	e. Model number and serial number.
	f. Water flow rate in gpm.
	g. Water pressure differential in feet of head or psig.
	h. Required net positive suction head in feet of head or psig.
	i. Pump rpm.
	j. Impeller diameter in inches.
	k. Motor make and frame size.
	l. Motor horsepower and rpm.
	m. Voltage at each connection.
	n. Amperage for each phase.
	o. Full-load amperage and service factor.
	p. Seal type.

	2. Test Data (Indicated and Actual Values):
	a. Static head in feet of head or psig.
	b. Pump shutoff pressure in feet of head or psig.
	c. Actual impeller size in inches.
	d. Full-open flow rate in gpm.
	e. Full-open pressure in feet of head or psig.
	f. Final discharge pressure in feet of head or psig.
	g. Final suction pressure in feet of head or psig.
	h. Final total pressure in feet of head or psig.
	i. Final water flow rate in gpm.
	j. Voltage at each connection.
	k. Amperage for each phase.


	I. Instrument Calibration Reports:
	1. Report Data:
	a. Instrument type and make.
	b. Serial number.
	c. Application.
	d. Dates of use.
	e. Dates of calibration.



	3.18 INSPECTIONS
	A. Initial Inspection:
	1. After testing and balancing are complete, operate each system and randomly check measurements to verify that the system is operating according to the final test and balance readings documented in the final report.
	2. Check the following for each system:
	a. Measure airflow of at least 10 percent of air outlets.
	b. Measure water flow of at least 5 percent of terminals.
	c. Measure room temperature at each thermostat/temperature sensor.  Compare the reading to the set point.
	d. Verify that balancing devices are marked with final balance position.
	e. Note deviations from the Contract Documents in the final report.


	B. Final Inspection:
	1. After initial inspection is complete and documentation by random checks verifies that testing and balancing are complete and accurately documented in the final report, request that a final inspection be made by Owner, Construction Manager, or Commi...
	2. The TAB contractor's test and balance engineer shall conduct the inspection in the presence of Owner or Construction Manager.
	3. Owner or Construction Manager shall randomly select measurements, documented in the final report, to be rechecked.  Rechecking shall be limited to either 10 percent of the total measurements recorded or the extent of measurements that can be accomp...
	4. If rechecks yield measurements that differ from the measurements documented in the final report by more than the tolerances allowed, the measurements shall be noted as "FAILED."
	5. If the number of "FAILED" measurements is greater than 10 percent of the total measurements checked during the final inspection, the testing and balancing shall be considered incomplete and shall be rejected.

	C. TAB Work will be considered defective if it does not pass final inspections.  If TAB Work fails, proceed as follows:
	1. Recheck all measurements and make adjustments.  Revise the final report and balancing device settings to include all changes; resubmit the final report and request a second final inspection.
	2. If the second final inspection also fails, Owner may contract the services of another TAB contractor to complete TAB Work according to the Contract Documents and deduct the cost of the services from the original TAB contractor's final payment.

	D. Prepare test and inspection reports.

	3.19 ADDITIONAL TESTS
	A. Within 90 days of completing TAB, perform additional TAB to verify that balanced conditions are being maintained throughout and to correct unusual conditions.
	B. Seasonal Periods:  If initial TAB procedures were not performed during near-peak summer and winter conditions, perform additional TAB during near-peak summer and winter conditions.



	230719 - hvac piping insulation
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes insulating the following HVAC piping systems:
	1. Hydronic piping, indoors including air separator and expansion tanks.
	2. Low-pressure steam and condensate piping, indoors.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.  Include thermal conductivity, water-vapor permeance thickness, and jackets (both factory and field applied if any).
	B. Shop Drawings:  Include plans, elevations, sections, details, and attachments to other work.
	1. Detail application of protective shields, saddles, and inserts at hangers for each type of insulation and hanger.
	2. Detail insulation application at pipe expansion joints for each type of insulation.
	3. Detail insulation application at elbows, fittings, flanges, valves, and specialties for each type of insulation.
	4. Detail application of field-applied jackets.

	C. Qualification Data:  For qualified Installer.
	D. Material Test Reports:  From a qualified testing agency acceptable to authorities having jurisdiction indicating, interpreting, and certifying test results for compliance of insulation materials, sealers, attachments, cements, and jackets, with req...
	E. Field quality-control reports.

	1.4 QUALITY ASSURANCE
	A. Installer Qualifications:  Skilled mechanics who have successfully completed an apprenticeship program or another craft training program certified by the Department of Labor, Bureau of Apprenticeship and Training.
	B. Surface-Burning Characteristics:  For insulation and related materials, as determined by testing identical products according to ASTM E 84, by a testing and inspecting agency acceptable to authorities having jurisdiction.  Factory label insulation ...
	1. Insulation Installed Indoors:  Flame-spread index of 25 or less, and smoke-developed index of 50 or less.


	1.5 DELIVERY, STORAGE, AND HANDLING
	A. Packaging:  Insulation material containers shall be marked by manufacturer with appropriate ASTM standard designation, type and grade, and maximum use temperature.

	1.6 COORDINATION
	A. Coordinate sizes and locations of supports, hangers, and insulation shields specified in Division 23 Section "Hangers and Supports for HVAC Piping and Equipment."
	B. Coordinate clearance requirements with piping Installer for piping insulation application.  Before preparing piping Shop Drawings, establish and maintain clearance requirements for installation of insulation and field-applied jackets and finishes a...

	1.7 SCHEDULING
	A. Schedule insulation application after pressure testing systems and, where required, after installing and testing heat tracing.  Insulation application may begin on segments that have satisfactory test results.
	B. Complete installation and concealment of plastic materials as rapidly as possible in each area of construction.


	PART 2 -  PRODUCTS
	2.1 INSULATION MATERIALS
	A. Comply with requirements in "Piping Insulation Schedule, General," "Indoor Piping Insulation Schedule," "Outdoor, Aboveground Piping Insulation Schedule," and "Outdoor, Underground Piping Insulation Schedule" articles for where insulating materials...
	B. Products shall not contain asbestos, lead, mercury, or mercury compounds.
	C. Products that come in contact with stainless steel shall have a leachable chloride content of less than 50 ppm when tested according to ASTM C 871.
	D. Insulation materials for use on austenitic stainless steel shall be qualified as acceptable according to ASTM C 795.
	E. Mineral-Fiber, Preformed Pipe Insulation:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include  the following:
	a. Fibrex Insulations Inc.; Coreplus 1200.
	b. Johns Manville; Micro-Lok.
	c. Knauf Insulation; 1000-Degree Pipe Insulation.
	d. Manson Insulation Inc.; Alley-K.
	e. Owens Corning; Fiberglas Pipe Insulation.

	2. Type I, 850 deg F Materials:  Mineral or glass fibers bonded with a thermosetting resin.  Comply with ASTM C 547, Type I, Grade A, with factory-applied ASJ.  Factory-applied jacket requirements are specified in "Factory-Applied Jackets" Article.


	2.2 INSULATING CEMENTS
	A. Mineral-Fiber Insulating Cement:  Comply with ASTM C 195.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Ramco Insulation, Inc.; Super-Stik.



	2.3 ADHESIVES
	A. Materials shall be compatible with insulation materials, jackets, and substrates and for bonding insulation to itself and to surfaces to be insulated unless otherwise indicated.
	B. Mineral-Fiber Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-127.
	b. Eagle Bridges - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-60/85-70.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, use adhesive that has a VOC content of 80 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Use adhesive that complies with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers," i...

	C. ASJ Adhesive, and FSK and PVDC Jacket Adhesive:  Comply with MIL-A-3316C, Class 2, Grade A for bonding insulation jacket lap seams and joints.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-82.
	b. Eagle Bridges - Marathon Industries; 225.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 85-50.
	d. Mon-Eco Industries, Inc.; 22-25.

	2. For indoor applications, use adhesive that has a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	3. Use adhesive that complies with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers," i...


	2.4 MASTICS
	A. Materials shall be compatible with insulation materials, jackets, and substrates; comply with MIL-PRF-19565C, Type II.
	1. For indoor applications, use mastics that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).

	B. Vapor-Barrier Mastic:  Water based; suitable for indoor use on below-ambient services.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include the following:
	a. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-80/30-90.
	b. Vimasco Corporation; 749.

	2. Water-Vapor Permeance:  ASTM E 96/E 96M, Procedure B, 0.013 permat 43-mildry film thickness.
	3. Service Temperature Range:  Minus 20 to plus 180 deg F
	4. Solids Content:  ASTM D 1644, 58 percent by volume and 70 percent by weight.
	5. Color:  White.


	2.5 LAGGING ADHESIVES
	A. Description:  Comply with MIL-A-3316C, Class I, Grade A and shall be compatible with insulation materials, jackets, and substrates.
	1. For indoor applications, use lagging adhesives that have a VOC content of 50 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	2. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-50 AHV2.
	b. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-36.
	c. Vimasco Corporation; 713 and 714.

	3. Fire-resistant, water-based lagging adhesive and coating for use indoors to adhere fire-resistant lagging cloths over pipe insulation.
	4. Service Temperature Range:  0 to plus 180 deg F
	5. Color:  White.


	2.6 SEALANTS
	A. Joint Sealants:
	1. Joint Sealants for Cellular-Glass, Phenolic, and Polyisocyanurate Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.
	b. Eagle Bridges - Marathon Industries; 405.
	c. Foster Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; 30-45.
	d. Mon-Eco Industries, Inc.; 44-05.
	e. Pittsburgh Corning Corporation; Pittseal 444.


	B. ASJ Flashing Sealants, and Vinyl, PVDC, and PVC Jacket Flashing Sealants:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. Childers Brand, Specialty Construction Brands, Inc., a business of H. B. Fuller Company; CP-76.

	2. Materials shall be compatible with insulation materials, jackets, and substrates.
	3. Fire- and water-resistant, flexible, elastomeric sealant.
	4. Service Temperature Range:  Minus 40 to plus 250 deg F
	5. Color:  White.
	6. For indoor applications, use sealants that have a VOC content of 420 g/L or less when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	7. Use sealants that comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Environmental Chambers," inc...


	2.7 FACTORY-APPLIED JACKETS
	A. Insulation system schedules indicate factory-applied jackets on various applications.  When factory-applied jackets are indicated, comply with the following:
	1. ASJ:  White, kraft-paper, fiberglass-reinforced scrim with aluminum-foil backing; complying with ASTM C 1136, Type I.
	2. ASJ-SSL:  ASJ with self-sealing, pressure-sensitive, acrylic-based adhesive covered by a removable protective strip; complying with ASTM C 1136, Type I.
	3. FSK Jacket:  Aluminum-foil, fiberglass-reinforced scrim with kraft-paper backing; complying with ASTM C 1136, Type II.
	4. FSP Jacket:  Aluminum-foil, fiberglass-reinforced scrim with polyethylene backing; complying with ASTM C 1136, Type II.
	5. PVDC Jacket for Indoor Applications:  4-mil-white PVDC biaxially oriented barrier film with a permeance at 0.02 perm when tested according to ASTM E 96/E 96M and with a flame-spread index of 5 and a smoke-developed index of 20 when tested according...
	a. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include the following:
	1) Dow Chemical Company (The); Saran 540 Vapor Retarder Film and Saran 560 Vapor Retarder Film.


	6. Vinyl Jacket:  White vinyl with a permeance of 1.3 perms when tested according to ASTM E 96/E 96M, Procedure A, and complying with NFPA 90A and NFPA 90B.


	2.8 FIELD-APPLIED JACKETS
	A. Field-applied jackets shall comply with ASTM C 921, Type I, unless otherwise indicated.
	B. FSK Jacket:  Aluminum-foil-face, fiberglass-reinforced scrim with kraft-paper backing.
	C. PVC Jacket:  High-impact-resistant, UV-resistant PVC complying with ASTM D 1784, Class 16354-C; thickness as scheduled; roll stock ready for shop or field cutting and forming.  Thickness is indicated in field-applied jacket schedules.
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include the following:
	a. Johns Manville; Zeston.
	b. P.I.C. Plastics, Inc.; FG Series.
	c. Proto Corporation; LoSmoke.
	d. Speedline Corporation; SmokeSafe.

	2. Adhesive:  As recommended by jacket material manufacturer.
	3. Color:  White.
	4. Factory-fabricated fitting covers to match jacket if available; otherwise, field fabricate.
	a. Shapes:  45- and 90-degree, short- and long-radius elbows, tees, valves, flanges, unions, reducers, end caps, soil-pipe hubs, traps, mechanical joints, and P-trap and supply covers for lavatories.



	2.9 SECUREMENTS
	A. Bands:
	1. Products:  Subject to compliance with requirements, available products that may be incorporated into the Work include, but are not limited to, the following:
	a. ITW Insulation Systems; Gerrard Strapping and Seals.
	b. RPR Products, Inc.; Insul-Mate Strapping, Seals, and Springs.

	2. Stainless Steel:  ASTM A 167 or ASTM A 240/A 240M, Type 304; 0.015 inch thick, 1/2 inch3/4 inch wide with wing seal.

	B. Staples:  Outward-clinching insulation staples, nominal 3/4-inch-wide, stainless steel or Monel.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine substrates and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of insulation application.
	1. Verify that systems to be insulated have been tested and are free of defects.
	2. Verify that surfaces to be insulated are clean and dry.
	3. Proceed with installation only after unsatisfactory conditions have been corrected.


	3.2 PREPARATION
	A. Surface Preparation:  Clean and dry surfaces to receive insulation.  Remove materials that will adversely affect insulation application.
	B. Surface Preparation:  Clean and prepare surfaces to be insulated.  Before insulating, apply a corrosion coating to insulated surfaces as follows:
	1. Stainless Steel:  Coat 300 series stainless steel with an epoxy primer 5 mils thick and an epoxy finish 5 mils thick if operating in a temperature range between 140 and 300 deg F Consult coating manufacturer for appropriate coating materials and ap...
	2. Carbon Steel:  Coat carbon steel operating at a service temperature between 32 and 300 deg F with an epoxy coating.  Consult coating manufacturer for appropriate coating materials and application methods for operating temperature range.

	C. Coordinate insulation installation with the trade installing heat tracing.  Comply with requirements for heat tracing that apply to insulation.
	D. Mix insulating cements with clean potable water; if insulating cements are to be in contact with stainless-steel surfaces, use demineralized water.

	3.3 GENERAL INSTALLATION REQUIREMENTS
	A. Install insulation materials, accessories, and finishes with smooth, straight, and even surfaces; free of voids throughout the length of piping including fittings, valves, and specialties.
	B. Install insulation materials, forms, vapor barriers or retarders, jackets, and thicknesses required for each item of pipe system as specified in insulation system schedules.
	C. Install accessories compatible with insulation materials and suitable for the service.  Install accessories that do not corrode, soften, or otherwise attack insulation or jacket in either wet or dry state.
	D. Install insulation with longitudinal seams at top and bottom of horizontal runs.
	E. Install multiple layers of insulation with longitudinal and end seams staggered.
	F. Do not weld brackets, clips, or other attachment devices to piping, fittings, and specialties.
	G. Keep insulation materials dry during application and finishing.
	H. Install insulation with tight longitudinal seams and end joints.  Bond seams and joints with adhesive recommended by insulation material manufacturer.
	I. Install insulation with least number of joints practical.
	J. Where vapor barrier is indicated, seal joints, seams, and penetrations in insulation at hangers, supports, anchors, and other projections with vapor-barrier mastic.
	1. Install insulation continuously through hangers and around anchor attachments.
	2. For insulation application where vapor barriers are indicated, extend insulation on anchor legs from point of attachment to supported item to point of attachment to structure.  Taper and seal ends at attachment to structure with vapor-barrier mastic.
	3. Install insert materials and install insulation to tightly join the insert.  Seal insulation to insulation inserts with adhesive or sealing compound recommended by insulation material manufacturer.
	4. Cover inserts with jacket material matching adjacent pipe insulation.  Install shields over jacket, arranged to protect jacket from tear or puncture by hanger, support, and shield.

	K. Apply adhesives, mastics, and sealants at manufacturer's recommended coverage rate and wet and dry film thicknesses.
	L. Install insulation with factory-applied jackets as follows:
	1. Draw jacket tight and smooth.
	2. Cover circumferential joints with 3-inch-wide strips, of same material as insulation jacket.  Secure strips with adhesive and outward clinching staples along both edges of strip, spaced 4 inches o.c.
	3. Overlap jacket longitudinal seams at least 1-1/2 inches Install insulation with longitudinal seams at bottom of pipe.  Clean and dry surface to receive self-sealing lap.  Staple laps with outward clinching staples along edge at 2 inches o.c.
	a. For below-ambient services, apply vapor-barrier mastic over staples.

	4. Cover joints and seams with tape, according to insulation material manufacturer's written instructions, to maintain vapor seal.
	5. Where vapor barriers are indicated, apply vapor-barrier mastic on seams and joints and at ends adjacent to pipe flanges and fittings.

	M. Cut insulation in a manner to avoid compressing insulation more than 75 percent of its nominal thickness.
	N. Finish installation with systems at operating conditions.  Repair joint separations and cracking due to thermal movement.
	O. Repair damaged insulation facings by applying same facing material over damaged areas.  Extend patches at least 4 inches beyond damaged areas.  Adhere, staple, and seal patches similar to butt joints.
	P. For above-ambient services, do not install insulation to the following:
	1. Vibration-control devices.
	2. Testing agency labels and stamps.
	3. Nameplates and data plates.
	4. Manholes.
	5. Handholes.
	6. Cleanouts.


	3.4 PENETRATIONS
	A. Insulation Installation at Interior Wall and Partition Penetrations (That Are Not Fire Rated):  Install insulation continuously through walls and partitions.
	B. Insulation Installation at Fire-Rated Wall and Partition Penetrations:  Install insulation continuously through penetrations of fire-rated walls and partitions.

	3.5 GENERAL PIPE INSULATION INSTALLATION
	A. Requirements in this article generally apply to all insulation materials except where more specific requirements are specified in various pipe insulation material installation articles.
	B. Insulation Installation on Fittings, Valves, Strainers, Flanges, and Unions:
	1. Install insulation over fittings, valves, strainers, flanges, unions, and other specialties with continuous thermal and vapor-retarder integrity unless otherwise indicated.
	2. Insulate pipe elbows using preformed fitting insulation or mitered fittings made from same material and density as adjacent pipe insulation.  Each piece shall be butted tightly against adjoining piece and bonded with adhesive.  Fill joints, seams, ...
	3. Insulate tee fittings with preformed fitting insulation or sectional pipe insulation of same material and thickness as used for adjacent pipe.  Cut sectional pipe insulation to fit.  Butt each section closely to the next and hold in place with tie ...
	4. Insulate valves using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or o...
	5. Insulate strainers using preformed fitting insulation or sectional pipe insulation of same material, density, and thickness as used for adjacent pipe.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, o...
	6. Insulate flanges and unions using a section of oversized preformed pipe insulation.  Overlap adjoining pipe insulation by not less than two times the thickness of pipe insulation, or one pipe diameter, whichever is thicker.
	7. Cover segmented insulated surfaces with a layer of finishing cement and coat with a mastic.  Install vapor-barrier mastic for below-ambient services and a breather mastic for above-ambient services.  Reinforce the mastic with fabric-reinforcing mes...
	8. For services not specified to receive a field-applied jacket, install fitted PVC cover over elbows, tees, strainers, valves, flanges, and unions.  Terminate ends with PVC end caps.  Tape PVC covers to adjoining insulation facing using PVC tape.
	9. Stencil or label the outside insulation jacket of each union with the word "union."  Match size and color of pipe labels.

	C. Insulate instrument connections for thermometers, pressure gages, pressure temperature taps, test connections, flow meters, sensors, switches, and transmitters on insulated pipes.  Shape insulation at these connections by tapering it to and around ...
	D. Install removable insulation covers at locations indicated.  Installation shall conform to the following:
	1. Make removable flange and union insulation from sectional pipe insulation of same thickness as that on adjoining pipe.  Install same insulation jacket as adjoining pipe insulation.
	2. When flange and union covers are made from sectional pipe insulation, extend insulation from flanges or union long at least two times the insulation thickness over adjacent pipe insulation on each side of flange or union.  Secure flange cover in pl...
	3. Construct removable valve insulation covers in same manner as for flanges, except divide the two-part section on the vertical center line of valve body.
	4. When covers are made from block insulation, make two halves, each consisting of mitered blocks wired to stainless-steel fabric.  Secure this wire frame, with its attached insulation, to flanges with tie wire.  Extend insulation at least 2 inches ov...
	5. Unless a PVC jacket is indicated in field-applied jacket schedules, finish exposed surfaces with a metal jacket.


	3.6 INSTALLATION OF MINERAL-FIBER INSULATION
	A. Insulation Installation on Straight Pipes and Tubes:
	1. Secure each layer of preformed pipe insulation to pipe with wire or bands and tighten bands without deforming insulation materials.
	2. Where vapor barriers are indicated, seal longitudinal seams, end joints, and protrusions with vapor-barrier mastic and joint sealant.
	3. For insulation with factory-applied jackets on above-ambient surfaces, secure laps with outward-clinched staples at 6 inches o.c.
	4. For insulation with factory-applied jackets on below-ambient surfaces, do not staple longitudinal tabs.  Instead, secure tabs with additional adhesive as recommended by insulation material manufacturer and seal with vapor-barrier mastic and flashin...

	B. Insulation Installation on Pipe Flanges:
	1. Install preformed pipe insulation to outer diameter of pipe flange.
	2. Make width of insulation section same as overall width of flange and bolts, plus twice the thickness of pipe insulation.
	3. Fill voids between inner circumference of flange insulation and outer circumference of adjacent straight pipe segments with mineral-fiber blanket insulation.
	4. Install jacket material with manufacturer's recommended adhesive, overlap seams at least 1 inch and seal joints with flashing sealant.

	C. Insulation Installation on Pipe Fittings and Elbows:
	1. Install preformed sections of same material as straight segments of pipe insulation when available.
	2. When preformed insulation elbows and fittings are not available, install mitered sections of pipe insulation, to a thickness equal to adjoining pipe insulation.  Secure insulation materials with wire or bands.

	D. Insulation Installation on Valves and Pipe Specialties:
	1. Install preformed sections of same material as straight segments of pipe insulation when available.
	2. When preformed sections are not available, install mitered sections of pipe insulation to valve body.
	3. Arrange insulation to permit access to packing and to allow valve operation without disturbing insulation.
	4. Install insulation to flanges as specified for flange insulation application.


	3.7 PIPING INSULATION SCHEDULE, GENERAL
	A. Acceptable preformed pipe and tubular insulation materials and thicknesses are identified for each piping system and pipe size range.  If more than one material is listed for a piping system, selection from materials listed is Contractor's option.
	B. Items Not Insulated:  Unless otherwise indicated, do not install insulation on the following:
	1. Drainage piping located in crawl spaces.
	2. Underground piping.
	3. Chrome-plated pipes and fittings unless there is a potential for personnel injury.


	3.8 INDOOR PIPING INSULATION SCHEDULE
	A. Cold Water Make-Up, Condensate and Equipment Drain Water below 60 Deg F
	1. All Pipe Sizes:  Insulation shall be the following:
	a. Mineral-Fiber, Preformed Pipe Insulation, Type I: 1 inch thick.


	B. Heating-Hot-Water Supply and Return, 200 Deg F and Below:
	1. NPS 1-1/4 and Smaller Pipe Size:  Insulation shall be the following:
	a. Mineral-Fiber, Preformed Pipe, Type I:  1.5 inches thick.

	2. NPS 4 and Larger Pipe Size:  Insulation shall be the following:
	a. Mineral-Fiber, Preformed Pipe, Type I:  2 inches thick.


	C. Low-Pressure Steam and Condensate, 250 Deg F and Below (15 psig maximum):
	1. NPS 3 and Smaller Pipe Size:  Insulation shall be the following:
	a. Mineral-Fiber, Preformed Pipe, Type I:  2.5 inches thick.

	2. NPS 4 and Larger Pipe Size:  Insulation shall be the following:
	a. Mineral-Fiber, Preformed Pipe, Type I:  3 inches thick.
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	231123 - facility natural-gas piping
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Pipes, tubes, and fittings.
	2. Piping specialties.
	3. Piping and tubing joining materials.
	4. Valves.
	5. Pressure regulators.


	1.3 DEFINITIONS
	A. Finished Spaces:  Spaces other than mechanical and electrical equipment rooms, furred spaces, pipe and duct shafts, unheated spaces immediately below roof, spaces above ceilings, unexcavated spaces, crawlspaces, and tunnels.
	B. Exposed, Interior Installations:  Exposed to view indoors.  Examples include finished occupied spaces and mechanical equipment rooms.
	C. Exposed, Exterior Installations:  Exposed to view outdoors or subject to outdoor ambient temperatures and weather conditions.  Examples include rooftop locations.

	1.4 PERFORMANCE REQUIREMENTS
	A. Minimum Operating-Pressure Ratings:
	1. Piping and Valves:  100 psig minimum unless otherwise indicated.
	2. Service Regulators:  65 psig minimum unless otherwise indicated.

	B. Natural-Gas System Pressure within Buildings:  More than 0.5 psig but not more than 2 psig.
	C. Natural-Gas System Pressures within Buildings:  Two pressure ranges.  Primary pressure is more than 0.5 psig but not more than 2 psig, and is reduced to secondary pressure of 0.5 psig or less.

	1.5 SUBMITTALS
	A. Product Data:  For each type of the following:
	1. Piping specialties.
	2. Corrugated, stainless-steel tubing with associated components.
	3. Valves.  Include pressure rating, capacity, settings, and electrical connection data of selected models.
	4. Pressure regulators.  Indicate pressure ratings and capacities.
	5. Dielectric fittings.

	B. Shop Drawings:  For facility natural-gas piping layout.  Include plans, piping layout and elevations, sections, and details for fabrication of pipe anchors, hangers, supports for multiple pipes, alignment guides, expansion joints and loops, and att...
	1. Shop Drawing Scale:  1/4 inch per foot.

	C. Delegated-Design Submittal:  For natural-gas piping and equipment indicated to comply with performance requirements and design criteria, including analysis data signed and sealed by the qualified professional engineer responsible for their preparat...
	1. Detail fabrication and assembly of seismic restraints.
	2. Design Calculations:  Calculate requirements for selecting seismic restraints.

	D. Coordination Drawings:  Plans and details, drawn to scale, on which natural-gas piping is shown and coordinated with other installations, using input from installers of the items involved.
	E. Site Survey:  Plans, drawn to scale, on which natural-gas piping is shown and coordinated with other services and utilities.
	F. Qualification Data:  For qualified professional engineer.
	G. Welding certificates.
	H. Field quality-control reports.
	I. Operation and Maintenance Data:  For motorized gas valves pressure regulators and service meters to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Steel Support Welding Qualifications:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Pipe Welding Qualifications:  Qualify procedures and operators according to ASME Boiler and Pressure Vessel Code.
	C. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Handling Flammable Liquids:  Remove and dispose of liquids from existing natural-gas piping according to requirements of authorities having jurisdiction.
	B. Deliver pipes and tubes with factory-applied end caps.  Maintain end caps through shipping, storage, and handling to prevent pipe end damage and to prevent entrance of dirt, debris, and moisture.
	C. Store and handle pipes and tubes having factory-applied protective coatings to avoid damaging coating, and protect from direct sunlight.
	D. Protect stored PE pipes and valves from direct sunlight.

	1.8 PROJECT CONDITIONS
	A. Perform site survey, research public utility records, and verify existing utility locations.  Contact utility-locating service for area where Project is located.
	B. Interruption of Existing Natural-Gas Service:  Do not interrupt natural-gas service to facilities occupied by Owner or others unless permitted under the following conditions and then only after arranging to provide purging and startup of natural-ga...
	1. Notify Construction Manager Owner no fewer than five days in advance of proposed interruption of natural-gas service.
	2. Do not proceed with interruption of natural-gas service without Construction Manager's Owner's written permission.


	1.9 COORDINATION
	A. Coordinate sizes and locations of concrete bases with actual equipment provided.
	B. Coordinate requirements for access panels and doors for valves installed concealed behind finished surfaces.  Comply with requirements in Division 08 Section "Access Doors and Frames."


	PART 2 -  PRODUCTS
	2.1 PIPES, TUBES, AND FITTINGS
	A. Steel Pipe:  ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.
	1. Malleable-Iron Threaded Fittings:  ASME B16.3, Class 150, standard pattern.
	2. Wrought-Steel Welding Fittings:  ASTM A 234/A 234M for butt welding and socket welding.
	3. Unions:  ASME B16.39, Class 150, malleable iron with brass-to-iron seat, ground joint, and threaded ends.
	4. Forged-Steel Flanges and Flanged Fittings:  ASME B16.5, minimum Class 150, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	a. Material Group:  1.1.
	b. End Connections:  Threaded or butt welding to match pipe.
	c. Lapped Face:  Not permitted underground.
	d. Gasket Materials:  ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, and spiral-wound metal gaskets.
	e. Bolts and Nuts:  ASME B18.2.1, carbon steel aboveground and stainless steel underground.

	5. Protective Coating for Underground Piping:  Factory-applied, three-layer coating of epoxy, adhesive, and PE.
	a. Joint Cover Kits:  Epoxy paint, adhesive, and heat-shrink PE sleeves.

	6. Mechanical Couplings:
	a. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Dresser Piping Specialties; Division of Dresser, Inc.
	2) Smith-Blair, Inc.

	b. Stainless-steel flanges and tube with epoxy finish.
	c. Buna-nitrile seals.
	d. Stainless-steel bolts, washers, and nuts.
	e. Coupling shall be capable of joining PE pipe to PE pipe, steel pipe to PE pipe, or steel pipe to steel pipe.
	f. Steel body couplings installed underground on plastic pipe shall be factory equipped with anode.


	B. PE Pipe:  ASTM D 2513, SDR 11.
	1. PE Fittings:  ASTM D 2683, socket-fusion type or ASTM D 3261, butt-fusion type with dimensions matching PE pipe.
	2. PE Transition Fittings:  Factory-fabricated fittings with PE pipe complying with ASTM D 2513, SDR 11; and steel pipe complying with ASTM A 53/A 53M, black steel, Schedule 40, Type E or S, Grade B.
	3. Anodeless Service-Line Risers:  Factory fabricated and leak tested.
	a. Underground Portion:  PE pipe complying with ASTM D 2513, SDR 11 inlet.
	b. Casing:  Steel pipe complying with ASTM A 53/A 53M, Schedule 40, black steel, Type E or S, Grade B, with corrosion-protective coating covering.
	c. Aboveground Portion:  PE transition fitting.
	d. Outlet shall be threaded or flanged or suitable for welded connection.
	e. Tracer wire connection.
	f. Ultraviolet shield.
	g. Stake supports with factory finish to match steel pipe casing or carrier pipe.

	4. Transition Service-Line Risers:  Factory fabricated and leak tested.
	a. Underground Portion:  PE pipe complying with ASTM D 2513, SDR 11 inlet connected to steel pipe complying with ASTM A 53/A 53M, Schedule 40, Type E or S, Grade B, with corrosion-protective coating for aboveground outlet.
	b. Outlet shall be threaded or flanged or suitable for welded connection.
	c. Bridging sleeve over mechanical coupling.
	d. Factory-connected anode.
	e. Tracer wire connection.
	f. Ultraviolet shield.
	g. Stake supports with factory finish to match steel pipe casing or carrier pipe.

	5. Plastic Mechanical Couplings, NPS 1-1/2 and Smaller:  Capable of joining PE pipe to PE pipe.
	a. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Lyall, R. W. & Company, Inc.
	2) Mueller Co.; Gas Products Div.
	3) Perfection Corporation; a subsidiary of American Meter Company.

	b. PE body with molded-in, stainless-steel support ring.
	c. Buna-nitrile seals.
	d. Acetal collets.
	e. Electro-zinc-plated steel stiffener.

	6. Plastic Mechanical Couplings, NPS 2 and Larger:  Capable of joining PE pipe to PE pipe, steel pipe to PE pipe, or steel pipe to steel pipe.
	a. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Lyall, R. W. & Company, Inc.
	2) Mueller Co.; Gas Products Div.
	3) Perfection Corporation; a subsidiary of American Meter Company.

	b. Fiber-reinforced plastic body.
	c. PE body tube.
	d. Buna-nitrile seals.
	e. Acetal collets.
	f. Stainless-steel bolts, nuts, and washers.

	7. Steel Mechanical Couplings:  Capable of joining plain-end PE pipe to PE pipe, steel pipe to PE pipe, or steel pipe to steel pipe.
	a. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1) Dresser Piping Specialties; Division of Dresser, Inc.
	2) Smith-Blair, Inc.

	b. Steel flanges and tube with epoxy finish.
	c. Buna-nitrile seals.
	d. Stainless-steel bolts, washers, and nuts.
	e. Factory-installed anode for steel-body couplings installed underground.


	C. Drawn-Temper Copper Tube:  Comply with ASTM B 88, Type L.
	1. Copper Fittings:  ASME B16.22, wrought copper, and streamlined pattern.
	2. Bronze Flanges and Flanged Fittings:  ASME B16.24, Class 150.
	a. Gasket Material:  ASME B16.20, metallic, flat, asbestos free, aluminum o-rings, and spiral-wound metal gaskets.
	b. Bolts and Nuts:  ASME B18.2.1, carbon steel or stainless steel.

	3. Protective Coating for Underground Tubing:  Factory-applied, extruded PE a minimum of 0.022 inch thick.

	D. Annealed-Temper Copper Tube:  Comply with ASTM B 88, Type L.
	1. Copper Fittings:  ASME B16.22, wrought copper, and streamlined pattern.
	2. Flare Fittings:  Comply with ASME B16.26 and SAE J513.
	a. Copper fittings with long nuts.
	b. Metal-to-metal compression seal without gasket.
	c. Dryseal threads complying with ASME B1.20.3.

	3. Protective Coating for Underground Tubing:  Factory-applied, extruded PE a minimum of 0.022 inch thick.

	E. Tin-Lined Copper Tube:  ASTM B 280, seamless, annealed, with interior tin-plated lining.
	1. Flare Fittings:  Comply with ASME B16.26 and SAE J513.
	a. Copper fittings with long nuts.
	b. Metal-to-metal compression seal without gasket.
	c. Dryseal threads complying with ASME B1.20.3.



	2.2 PIPING SPECIALTIES
	A. Weatherproof Vent Cap:  Cast- or malleable-iron increaser fitting with corrosion-resistant wire screen, with free area at least equal to cross-sectional area of connecting pipe and threaded-end connection.

	2.3 JOINING MATERIALS
	A. Joint Compound and Tape:  Suitable for natural gas.
	B. Welding Filler Metals:  Comply with AWS D10.12/D10.12M for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	C. Brazing Filler Metals:  Alloy with melting point greater than 1000 deg F complying with AWS A5.8/A5.8M.  Brazing alloys containing more than 0.05 percent phosphorus are prohibited.

	2.4 MANUAL GAS SHUTOFF VALVES
	A. See "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles for where each valve type is applied in various services.
	B. General Requirements for Metallic Valves, NPS 2 and Smaller:  Comply with ASME B16.33.
	1. CWP Rating:  125 psig.
	2. Threaded Ends:  Comply with ASME B1.20.1.
	3. Dryseal Threads on Flare Ends:  Comply with ASME B1.20.3.
	4. Tamperproof Feature:  Locking feature for valves indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	5. Listing:  Listed and labeled by an NRTL acceptable to authorities having jurisdiction for valves 1 inch and smaller.
	6. Service Mark:  Valves 1-1/4 inches to NPS 2 shall have initials "WOG" permanently marked on valve body.

	C. General Requirements for Metallic Valves, NPS 2-1/2 and Larger:  Comply with ASME B16.38.
	1. CWP Rating:  125 psig.
	2. Flanged Ends:  Comply with ASME B16.5 for steel flanges.
	3. Tamperproof Feature:  Locking feature for valves indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	4. Service Mark:  Initials "WOG" shall be permanently marked on valve body.

	D. One-Piece, Bronze Ball Valve with Bronze Trim:  MSS SP-110.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. BrassCraft Manufacturing Company; a Masco company.
	b. Conbraco Industries, Inc.; Apollo Div.
	c. Lyall, R. W. & Company, Inc.
	d. McDonald, A. Y. Mfg. Co.
	e. Perfection Corporation; a subsidiary of American Meter Company.

	2. Body:  Bronze, complying with ASTM B 584.
	3. Ball:  Chrome-plated brass.
	4. Stem:  Bronze; blowout proof.
	5. Seats:  Reinforced TFE; blowout proof.
	6. Packing:  Separate packnut with adjustable-stem packing threaded ends.
	7. Ends:  Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	8. CWP Rating:  600 psig.
	9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.
	10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

	E. Two-Piece, Full-Port, Bronze Ball Valves with Bronze Trim:  MSS SP-110.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. BrassCraft Manufacturing Company; a Masco company.
	b. Conbraco Industries, Inc.; Apollo Div.
	c. Lyall, R. W. & Company, Inc.
	d. McDonald, A. Y. Mfg. Co.
	e. Perfection Corporation; a subsidiary of American Meter Company.

	2. Body:  Bronze, complying with ASTM B 584.
	3. Ball:  Chrome-plated bronze.
	4. Stem:  Bronze; blowout proof.
	5. Seats:  Reinforced TFE; blowout proof.
	6. Packing:  Threaded-body packnut design with adjustable-stem packing.
	7. Ends:  Threaded, flared, or socket as indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	8. CWP Rating:  600 psig.
	9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.
	10. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

	F. Bronze Plug Valves:  MSS SP-78.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Lee Brass Company.
	b. McDonald, A. Y. Mfg. Co.

	2. Body:  Bronze, complying with ASTM B 584.
	3. Plug:  Bronze.
	4. Ends:  Threaded, socket, or flanged as indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	5. Operator:  Square head or lug type with tamperproof feature where indicated.
	6. Pressure Class:  125 psig.
	7. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.
	8. Service:  Suitable for natural-gas service with "WOG" indicated on valve body.

	G. Cast-Iron, Lubricated Plug Valves:  MSS SP-78.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Flowserve.
	b. Homestead Valve; a division of Olson Technologies, Inc.
	c. McDonald, A. Y. Mfg. Co.
	d. Milliken Valve Company.
	e. Mueller Co.; Gas Products Div.
	f. R&M Energy Systems, A Unit of Robbins & Myers, Inc.

	2. Body:  Cast iron, complying with ASTM A 126, Class B.
	3. Plug:  Bronze or nickel-plated cast iron.
	4. Seat:  Coated with thermoplastic.
	5. Stem Seal:  Compatible with natural gas.
	6. Ends:  Threaded or flanged as indicated in "Underground Manual Gas Shutoff Valve Schedule" and "Aboveground Manual Gas Shutoff Valve Schedule" Articles.
	7. Operator:  Square head or lug type with tamperproof feature where indicated.
	8. Pressure Class:  125 psig.
	9. Listing:  Valves NPS 1 and smaller shall be listed and labeled by an NRTL acceptable to authorities having jurisdiction.


	2.5 MOTORIZED GAS VALVES
	A. Automatic Gas Valves:  Comply with ANSI Z21.21.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	a. ASCO Power Technologies, LP; Division of Emerson.
	b. Dungs, Karl, Inc.
	c. Eaton Corporation; Controls Div.
	d. Eclipse Combustion, Inc.
	e. Honeywell International Inc.
	f. Johnson Controls.

	3. Body:  Brass or aluminum.
	4. Seats and Disc:  Nitrile rubber.
	5. Springs and Valve Trim:  Stainless steel.
	6. Normally closed.
	7. Visual position indicator.
	8. Electrical operator for actuation by appliance automatic shutoff device.

	B. Electrically Operated Valves:  Comply with UL 429.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	a. ASCO Power Technologies, LP; Division of Emerson.
	b. Dungs, Karl, Inc.
	c. Eclipse Combustion, Inc.
	d. Goyen Valve Corp.; Tyco Environmental Systems.
	e. Magnatrol Valve Corporation.
	f. Parker Hannifin Corporation; Climate & Industrial Controls Group; Skinner Valve Div.
	g. Watts Regulator Co.; Division of Watts Water Technologies, Inc.

	3. Pilot operated.
	4. Body:  Brass or aluminum.
	5. Seats and Disc:  Nitrile rubber.
	6. Springs and Valve Trim:  Stainless steel.
	7. 120-V ac, 60 Hz, Class B, continuous-duty molded coil, and replaceable.
	8. NEMA ICS 6, Type 4, coil enclosure.
	9. Normally closed.
	10. Visual position indicator.


	2.6 PRESSURE REGULATORS
	A. General Requirements:
	1. Single stage and suitable for natural gas.
	2. Steel jacket and corrosion-resistant components.
	3. Elevation compensator.
	4. End Connections:  Threaded for regulators NPS 2 and smaller; flanged for regulators NPS 2-1/2 and larger.

	B. Service Pressure Regulators:  Comply with ANSI Z21.80.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	a. Actaris.
	b. American Meter Company.
	c. Fisher Control Valves and Regulators; Division of Emerson Process Management.
	d. Invensys.
	e. Richards Industries; Jordan Valve Div.
	f. Maxitral Corp.

	3. Body and Diaphragm Case:  Cast iron or die-cast aluminum.
	4. Springs:  Zinc-plated steel; interchangeable.
	5. Diaphragm Plate:  Zinc-plated steel.
	6. Seat Disc:  Nitrile rubber resistant to gas impurities, abrasion, and deformation at the valve port.
	7. Orifice:  Aluminum; interchangeable.
	8. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
	9. Single-port, self-contained regulator with orifice no larger than required at maximum pressure inlet, and no pressure sensing piping external to the regulator.
	10. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 150 percent of design discharge pressure at shutoff.
	11. Overpressure Protection Device:  Factory mounted on pressure regulator.
	12. Atmospheric Vent:  Factory- or field-installed, stainless-steel screen in opening if not connected to vent piping.
	13. Maximum Inlet Pressure:  100 psig.

	C. Line Pressure Regulators:  Comply with ANSI Z21.80.
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Basis-of-Design Product:  Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	a. Actaris.
	b. American Meter Company.
	c. Eclipse Combustion, Inc.
	d. Fisher Control Valves and Regulators; Division of Emerson Process Management.
	e. Invensys.
	f. Maxitrol Company.
	g. Richards Industries; Jordan Valve Div.

	3. Body and Diaphragm Case:  Cast iron or die-cast aluminum.
	4. Springs:  Zinc-plated steel; interchangeable.
	5. Diaphragm Plate:  Zinc-plated steel.
	6. Seat Disc:  Nitrile rubber resistant to gas impurities, abrasion, and deformation at the valve port.
	7. Orifice:  Aluminum; interchangeable.
	8. Seal Plug:  Ultraviolet-stabilized, mineral-filled nylon.
	9. Single-port, self-contained regulator with orifice no larger than required at maximum pressure inlet, and no pressure sensing piping external to the regulator.
	10. Pressure regulator shall maintain discharge pressure setting downstream, and not exceed 150 percent of design discharge pressure at shutoff.
	11. Overpressure Protection Device:  Factory mounted on pressure regulator.
	12. Atmospheric Vent:  Factory- or field-installed, stainless-steel screen in opening if not connected to vent piping.
	13. Maximum Inlet Pressure:  2 psig.


	2.7 DIELECTRIC FITTINGS
	A. General Requirements:  Assembly of copper alloy and ferrous materials with separating nonconductive insulating material.  Include end connections compatible with pipes to be joined.
	B. Dielectric Unions:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Capitol Manufacturing Company.
	b. Central Plastics Company.
	c. Hart Industries International, Inc.
	d. Jomar International Ltd.
	e. Matco-Norca, Inc.
	f. McDonald, A. Y. Mfg. Co.
	g. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
	h. Wilkins; a Zurn company.

	2. Description:
	a. Standard:  ASSE 1079.
	b. Pressure Rating:  125 psig minimum at 200 deg F.
	c. End Connections:  Solder-joint copper alloy and threaded ferrous.


	C. Dielectric Flanges:
	1. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Capitol Manufacturing Company.
	b. Central Plastics Company.
	c. Matco-Norca, Inc.
	d. Watts Regulator Co.; a division of Watts Water Technologies, Inc.
	e. Wilkins; a Zurn company.

	2. Description:
	a. Standard:  ASSE 1079.
	b. Factory-fabricated, bolted, companion-flange assembly.
	c. Pressure Rating:  125 psig minimum at 200 deg F.



	2.8 LABELING AND IDENTIFYING
	A. Detectable Warning Tape:  Acid- and alkali-resistant, PE film warning tape manufactured for marking and identifying underground utilities, a minimum of 6 inches wide and 4 mils thick, continuously inscribed with a description of utility, with metal...


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine roughing-in for natural-gas piping system to verify actual locations of piping connections before equipment installation.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 PREPARATION
	A. Close equipment shutoff valves before turning off natural gas to premises or piping section.
	B. Inspect natural-gas piping according to NFPA 54 the International Fuel Gas Code to determine that natural-gas utilization devices are turned off in piping section affected.
	C. Comply with NFPA 54 the International Fuel Gas Code requirements for prevention of accidental ignition.

	3.3 INDOOR PIPING INSTALLATION
	A. Comply with NFPA 54 the International Fuel Gas Code for installation and purging of natural-gas piping.
	B. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Indicated locations and arrangements are used to size pipe and calculate friction loss, expansion, and other design considerations.  Install pipin...
	C. Arrange for pipe spaces, chases, slots, sleeves, and openings in building structure during progress of construction, to allow for mechanical installations.
	D. Install piping in concealed locations unless otherwise indicated and except in equipment rooms and service areas.
	E. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	F. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	G. Locate valves for easy access.
	H. Install natural-gas piping at uniform grade of 2 percent down toward drip and sediment traps.
	I. Install piping free of sags and bends.
	J. Install fittings for changes in direction and branch connections.
	K. Verify final equipment locations for roughing-in.
	L. Comply with requirements in Sections specifying gas-fired appliances and equipment for roughing-in requirements.
	M. Drips and Sediment Traps:  Install drips at points where condensate may collect, including service-meter outlets.  Locate where accessible to permit cleaning and emptying.  Do not install where condensate is subject to freezing.
	1. Construct drips and sediment traps using tee fitting with bottom outlet plugged or capped.  Use nipple a minimum length of 3 pipe diameters, but not less than 3 inches long and same size as connected pipe.  Install with space below bottom of drip t...

	N. Extend relief vent connections for service regulators, line regulators, and overpressure protection devices to outdoors and terminate with weatherproof vent cap.
	O. Conceal pipe installations in walls, pipe spaces, utility spaces, above ceilings, below grade or floors, and in floor channels unless indicated to be exposed to view.
	P. Concealed Location Installations:  Except as specified below, install concealed natural-gas piping and piping installed under the building in containment conduit constructed of steel pipe with welded joints as described in Part 2.  Install a vent p...
	1. Above Accessible Ceilings:  Natural-gas piping, fittings, valves, and regulators may be installed in accessible spaces without containment conduit.
	2. In Floors:  Install natural-gas piping with welded or brazed joints and protective coating in cast-in-place concrete floors.  Cover piping to be cast in concrete slabs with minimum of 1-1/2 inches of concrete.  Piping may not be in physical contact...
	3. In Floor Channels:  Install natural-gas piping in floor channels.  Channels must have cover and be open to space above cover for ventilation.
	4. In Walls or Partitions:  Protect tubing installed inside partitions or hollow walls from physical damage using steel striker barriers at rigid supports.
	a. Exception:  Tubing passing through partitions or walls does not require striker barriers.

	5. Prohibited Locations:
	a. Do not install natural-gas piping in or through circulating air ducts, clothes or trash chutes, chimneys or gas vents (flues), ventilating ducts, or dumbwaiter or elevator shafts.
	b. Do not install natural-gas piping in solid walls or partitions.


	Q. Use eccentric reducer fittings to make reductions in pipe sizes.  Install fittings with level side down.
	R. Connect branch piping from top or side of horizontal piping.
	S. Install unions in pipes NPS 2 and smaller, adjacent to each valve, at final connection to each piece of equipment.  Unions are not required at flanged connections.
	T. Do not use natural-gas piping as grounding electrode.
	U. Install strainer on inlet of each line-pressure regulator and automatic or electrically operated valve.
	V. Install pressure gage downstream from each line regulator.  Pressure gages are specified in Division 23 Section "Meters and Gages for HVAC Piping."
	W. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with requirements for sleeves specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping."
	X. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with requirements for sleeve seals specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping."
	Y. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with requirements for escutcheons specified in Division 23 Section "Escutcheons for HVAC Piping."
	Z. Install service meters downstream from pressure regulators.
	AA. Install metal bollards to protect meter assemblies.  Comply with requirements in Division 05 Section "Metal Fabrications" for pipe bollards.

	3.4 OUTDOOR PIPING INSTALLATION
	A. Comply with NFPA 54 and the International Fuel Gas Code for installation and purging of natural-gas piping.
	B. Install underground, natural-gas piping buried at least 36 inches below finished grade.
	1. If natural-gas piping is installed less than 36 inches below finished grade, install it in containment conduit.

	C. Install underground, PE, natural-gas piping according to ASTM D 2774.
	D. Install fittings for changes in direction and branch connections.
	E. Install pressure gage downstream from each service regulator.  Pressure gages are specified in Division 23 Section "Meters and Gages for HVAC Piping."

	3.5 VALVE INSTALLATION
	A. Install manual gas shutoff valve for each gas appliance ahead of corrugated stainless-steel tubing, aluminum, or copper connector.
	B. Install underground valves with valve boxes.
	C. Install regulators and overpressure protection devices with maintenance access space adequate for servicing and testing.

	3.6 PIPING JOINT CONSTRUCTION
	A. Ream ends of pipes and tubes and remove burrs.
	B. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	C. Threaded Joints:
	1. Thread pipe with tapered pipe threads complying with ASME B1.20.1.
	2. Cut threads full and clean using sharp dies.
	3. Ream threaded pipe ends to remove burrs and restore full inside diameter of pipe.
	4. Apply appropriate tape or thread compound to external pipe threads unless dryseal threading is specified.
	5. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

	D. Welded Joints:
	1. Construct joints according to AWS D10.12/D10.12M, using qualified processes and welding operators.
	2. Bevel plain ends of steel pipe.
	3. Patch factory-applied protective coating as recommended by manufacturer at field welds and where damage to coating occurs during construction.

	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" Chapter.
	F. Flanged Joints:  Install gasket material, size, type, and thickness appropriate for natural-gas service.  Install gasket concentrically positioned.
	G. Flared Joints:  Cut tubing with roll cutting tool.  Flare tube end with tool to result in flare dimensions complying with SAE J513.  Tighten finger tight, then use wrench.  Do not overtighten.
	H. PE Piping Heat-Fusion Joints:  Clean and dry joining surfaces by wiping with clean cloth or paper towels.  Join according to ASTM D 2657.
	1. Plain-End Pipe and Fittings:  Use butt fusion.
	2. Plain-End Pipe and Socket Fittings:  Use socket fusion.


	3.7 HANGER AND SUPPORT INSTALLATION
	A. Install seismic restraints on piping.  Comply with requirements for seismic-restraint devices specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	B. Comply with requirements for pipe hangers and supports specified in Division 23 Section "Hangers and Supports for HVAC Piping and Equipment."
	C. Install hangers for horizontal steel piping with the following maximum spacing and minimum rod sizes:
	1. NPS 1 and Smaller:  Maximum span, 96 inches; minimum rod size, 3/8 inch.
	2. NPS 1-1/4:  Maximum span, 108 inches; minimum rod size, 3/8 inch.
	3. NPS 1-1/2 and NPS 2:  Maximum span, 108 inches; minimum rod size, 3/8 inch.
	4. NPS 2-1/2 to NPS 3-1/2:  Maximum span, 10 feet; minimum rod size, 1/2 inch.
	5. NPS 4 and Larger:  Maximum span, 10 feet; minimum rod size, 5/8 inch.


	3.8 CONNECTIONS
	A. Connect to utility's gas main according to utility's procedures and requirements.
	B. Install natural-gas piping electrically continuous, and bonded to gas appliance equipment grounding conductor of the circuit powering the appliance according to NFPA 70.
	C. Install piping adjacent to appliances to allow service and maintenance of appliances.
	D. Connect piping to appliances using manual gas shutoff valves and unions.  Install valve within 72 inches of each gas-fired appliance and equipment.  Install union between valve and appliances or equipment.
	E. Sediment Traps:  Install tee fitting with capped nipple in bottom to form drip, as close as practical to inlet of each appliance.

	3.9 LABELING AND IDENTIFYING
	A. Comply with requirements in Division 23 Section "Identification for HVAC Piping and Equipment" for piping and valve identification.
	B. Install detectable warning tape directly above gas piping, 12 inches below finished grade, except 6 inches below subgrade under pavements and slabs.

	3.10 PAINTING
	A. Comply with requirements in Division 09 painting Sections for painting interior and exterior natural-gas piping.
	B. Paint exposed, exterior metal piping, valves, service regulators, service meters and meter bars, earthquake valves, and piping specialties, except components, with factory-applied paint or protective coating.
	1. Alkyd System:  MPI EXT 5.1D.
	a. Prime Coat:  Alkyd anticorrosive metal primer.
	b. Intermediate Coat:  Exterior alkyd enamel matching topcoat.
	c. Topcoat:  Exterior alkyd enamel semigloss.
	d. Color:  Yellow.


	C. Paint exposed, interior metal piping, valves, service regulators, service meters and meter bars, earthquake valves, and piping specialties, except components, with factory-applied paint or protective coating.
	D. Damage and Touchup:  Repair marred and damaged factory-applied finishes with materials and by procedures to match original factory finish.

	3.11 FIELD QUALITY CONTROL
	A. Perform tests and inspections.
	B. Tests and Inspections:
	1. Test, inspect, and purge natural gas according to NFPA 54 the International Fuel Gas Code and authorities having jurisdiction.

	C. Natural-gas piping will be considered defective if it does not pass tests and inspections.
	D. Prepare test and inspection reports.

	3.12 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain earthquake valves.
	B. Aboveground natural-gas piping shall be one of the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.
	2. Steel pipe with wrought-steel fittings and welded joints.


	3.13 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES LESS THAN 0.5 PSIG
	A. Aboveground, branch piping NPS 1 and smaller shall be the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.

	B. Aboveground, distribution piping shall be one of the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.
	2. Steel pipe with wrought-steel fittings and welded joints.

	C. Underground, below building, piping shall be one of the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.
	2. Steel pipe with wrought-steel fittings and welded joints.

	D. Containment Conduit:  Steel pipe with wrought-steel fittings and welded joints.  Coat pipe and fittings with protective coating for steel piping.
	E. Containment Conduit Vent Piping:  Steel pipe with malleable-iron fittings and threaded or wrought-steel fittings with welded joints.  Coat underground pipe and fittings with protective coating for steel piping.

	3.14 INDOOR PIPING SCHEDULE FOR SYSTEM PRESSURES MORE THAN 0.5 PSIG AND LESS THAN 5 PSIG
	A. Aboveground, branch piping NPS 1 and smaller shall be one of the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.

	B. Aboveground, distribution piping shall be the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.
	2. Steel pipe with steel welding fittings and welded joints.


	3.15 OUTDOOR PIPING SCHEDULE
	A. Underground natural-gas piping shall be the following:
	1. PE pipe and fittings joined by heat fusion, or mechanical couplings; service-line risers with tracer wire terminated in an accessible location.

	B. Aboveground natural-gas piping shall be one of the following:
	1. Steel pipe with malleable-iron fittings and threaded joints.
	2. Steel pipe with wrought-steel fittings and welded joints.

	C. Containment Conduit:  Steel pipe with wrought-steel fittings and welded joints.  Coat pipe and fittings with protective coating for steel piping.

	3.16 ABOVEGROUND MANUAL GAS SHUTOFF VALVE SCHEDULE
	A. Valves for pipe sizes NPS 2 and smaller at service meter shall be one of the following:
	1. One-piece, bronze ball valve with bronze trim.
	2. Two-piece, full-port, bronze ball valves with bronze trim.
	3. Bronze plug valve.

	B. Valves for pipe sizes NPS 2-1/2 and larger at service meter shall be one of the following:
	1. Two-piece, full-port, bronze ball valves with bronze trim.
	2. Bronze plug valve.
	3. Cast-iron, nonlubricated plug valve.

	C. Distribution piping valves for pipe sizes NPS 2  and smaller shall be one of the following:
	1. One-piece, bronze ball valve with bronze trim.
	2. Two-piece, full-port, bronze ball valves with bronze trim.
	3. Bronze plug valve.

	D. Distribution piping valves for pipe sizes NPS 2-1/2  and larger shall be one of the following:
	1. Two-piece, full-port, bronze ball valves with bronze trim.
	2. Bronze plug valve.
	3. Cast-iron, lubricated plug valve.

	E. Valves in branch piping for single appliance shall be one of the following:
	1. One-piece, bronze ball valve with bronze trim.
	2. Two-piece, full-port, bronze ball valves with bronze trim.
	3. Bronze plug valve.




	232213 - steam-condensate piping & specialties
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following for LP steam and condensate piping:
	1. Pipe and fittings.
	2. Strainers.
	3. Safety valves.
	4. Pressure-reducing valves.
	5. Steam traps.
	6. Thermostatic air vents and vacuum breakers.
	7. Blowdown tank.


	1.3 DEFINITIONS
	A. LP Systems:  Low-pressure piping operating at 15 psig or less as required by ASME B31.9.

	1.4 PERFORMANCE REQUIREMENTS
	A. Components and installation shall be capable of withstanding the following minimum working pressures and temperatures:
	1. LP Steam Piping:  15 psig.
	2. Condensate Piping:  15 psig at 250 deg F.
	3. Makeup-Water Piping:  80 psig at 150 deg F.
	4. Blowdown-Drain Piping:  Equal to pressure of the piping system to which it is attached.
	5. Air-Vent and Vacuum-Breaker Piping:  Equal to pressure of the piping system to which it is attached.
	6. Safety-Valve-Inlet and -Outlet Piping:  Equal to pressure of the piping system to which it is attached.


	1.5 SUBMITTALS
	A. Product Data:  For each type of the following:
	1. Pressure-reducing and safety valve.
	2. Steam trap.
	3. Air vent and vacuum breaker.

	B. Shop Drawings:  Detail, 1/4 inch equals 1-foot scale, fabrication of pipe anchors, hangers, pipe, multiple pipes, alignment guides, and expansion joints and loops and their attachment to the building structure.  Detail locations of anchors, alignme...
	C. Qualification Data:  For Installer.
	D. Welding certificates.
	E. Field quality-control test reports.
	F. Operation and Maintenance Data:  For valves, safety valves, pressure-reducing valves, steam traps, air vents, vacuum breakers, and meters to include in emergency, operation, and maintenance manuals.

	1.6 QUALITY ASSURANCE
	A. Installer Qualifications:
	1. Fiberglass Pipe and Fitting Installers:  Installers of RTRF and RTRP shall be certified by the manufacturer of pipes and fittings as having been trained and qualified to join fiberglass piping with manufacturer-recommended adhesive.

	B. Steel Support Welding:  Qualify processes and operators according to AWS D1.1, "Structural Welding Code - Steel."
	C. Pipe Welding:  Qualify processes and operators according to the following:
	1. Comply with provisions in ASME B31 Series, "Code for Pressure Piping."
	2. Certify that each welder has passed AWS qualification tests for welding processes involved and that certification is current.

	D. ASME Compliance:  Comply with ASME B31.9, "Building Services Piping" for materials, products, and installation.  Safety valves and pressure vessels shall bear the appropriate ASME label.


	PART 2 -  PRODUCTS
	2.1 COPPER TUBE AND FITTINGS
	A. Drawn-Temper Copper Tubing:  ASTM B 88, Type L.
	B. Wrought-Copper Fittings and Unions:  ASME B16.22.

	2.2 STEEL PIPE AND FITTINGS
	A. Steel Pipe:  ASTM A 53/A 53M, black steel, plain ends, Type, Grade, and Schedule as indicated in Part 3 piping applications articles.
	B. Cast-Iron Threaded Fittings:  ASME B16.4; Classes 125 as indicated in Part 3 piping applications articles.
	C. Malleable-Iron Threaded Fittings:  ASME B16.3; Classes 150 as indicated in Part 3 piping applications articles.
	D. Malleable-Iron Unions:  ASME B16.39; Classes 150 as indicated in Part 3 piping applications articles.
	E. Cast-Iron Threaded Flanges and Flanged Fittings:  ASME B16.1, Classes 125 as indicated in Part 3 piping applications articles; raised ground face, and bolt holes spot faced.
	F. Wrought-Steel Fittings:  ASTM A 234/A 234M, wall thickness to match adjoining pipe.
	G. Wrought-Steel Flanges and Flanged Fittings:  ASME B16.5, including bolts, nuts, and gaskets of the following material group, end connections, and facings:
	1. Material Group:  1.1.
	2. End Connections:  Butt welding.
	3. Facings:  Raised face.

	H. Steel Pipe Nipples:  ASTM A 733, made of ASTM A 53/A 53M, black steel of same Type, Grade, and Schedule as pipe in which installed.
	I. Stainless-Steel Bellows, Flexible Connectors:
	1. Body:  Stainless-steel bellows with woven, flexible, bronze, wire-reinforced, protective jacket.
	2. End Connections:  Threaded or flanged to match equipment connected.
	3. Performance:  Capable of 3/4-inch misalignment.
	4. CWP Rating:  150-psig.
	5. Maximum Operating Temperature:  250 deg F.


	2.3 JOINING MATERIALS
	A. Pipe-Flange Gasket Materials:  Suitable for chemical and thermal conditions of piping system contents.
	1. ASME B16.21, nonmetallic, flat, asbestos free, 1/8-inch maximum thickness unless thickness or specific material is indicated.
	a. Full-Face Type:  For flat-face, Class 125, cast-iron and cast-bronze flanges.
	b. Narrow-Face Type:  For raised-face, Class 250, cast-iron and steel flanges.


	B. Flange Bolts and Nuts:  ASME B18.2.1, carbon steel, unless otherwise indicated.
	C. Solder Filler Metals:  ASTM B 32, lead-free alloys.  Include water-flushable flux according to ASTM B 813.
	D. Brazing Filler Metals:  AWS A5.8, BCuP Series, copper-phosphorus alloys for joining copper with copper; or BAg-1, silver alloy for joining copper with bronze or steel.
	E. Welding Filler Metals:  Comply with AWS D10.12 for welding materials appropriate for wall thickness and chemical analysis of steel pipe being welded.
	F. Welding Materials:  Comply with Section II, Part C, of ASME Boiler and Pressure Vessel Code for welding materials appropriate for wall thickness and for chemical analysis of pipe being welded.

	2.4 DIELECTRIC FITTINGS
	A. Description:  Combination fitting of copper alloy and ferrous materials with threaded, solder-joint, plain, or weld-neck end connections that match piping system materials.
	B. Insulating Material:  Suitable for system fluid, pressure, and temperature.
	C. Dielectric Unions:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Capitol Manufacturing Company.
	b. Central Plastics Company.
	c. Hart Industries, International Inc.
	d. Watts Water Technologies, Inc.
	e. Zurn Plumbing Products Group.

	2. Factory-fabricated union assembly, for 150-psig minimum working pressure at 180 deg F.

	D. Dielectric Flanges:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Capitol Manufacturing Company.
	b. Central Plastics Company.
	c. Watts Water Technologies, Inc.

	2. Factory-fabricated companion-flange assembly, for 150-psig minimum working pressure as required to suit system pressures.

	E. Dielectric-Flange Kits:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Advance Products & Systems, Inc.
	b. Calpico, Inc.
	c. Central Plastics Company.
	d. Pipeline Seal and Insulator, Inc.

	2. Companion-flange assembly for field assembly.  Include flanges, full-face- or ring-type neoprene or phenolic gasket, phenolic or polyethylene bolt sleeves, phenolic washers, and steel backing washers.
	3. Separate companion flanges and steel bolts and nuts shall have 150-psig minimum working pressure as required to suit system pressures.


	2.5 VALVES
	A. Gate, Globe, Check, Ball, and Butterfly Valves:  Comply with requirements specified in Division 23 Section "General-Duty Valves for HVAC Piping."
	B. Stop-Check Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Crane Co.
	b. Jenkins Valves; a Crane Company.
	c. Lunkenheimer Valves.
	d. A.Y. McDonald Mfg. Co.

	2. Body and Bonnet:  Malleable iron.
	3. End Connections:  Flanged.
	4. Disc:  Cylindrical with removable liner and machined seat.
	5. Stem:  Brass alloy.
	6. Operator:  Outside screw and yoke with cast-iron handwheel.
	7. Packing:  Polytetrafluoroethylene-impregnated packing with two-piece packing gland assembly.
	8. Pressure Class:  150.


	2.6 STRAINERS
	A. Y-Pattern Strainers:
	1. Body:  ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.
	2. End Connections:  Threaded ends for strainers NPS 2 and smaller; flanged ends for strainers NPS 2-1/2 and larger.
	3. Strainer Screen:  Stainless-steel, 20 mesh strainer, and perforated stainless-steel basket with 50 percent free area.
	4. Tapped blowoff plug.
	5. CWP Rating:  150-psig working steam pressure.

	B. Basket Strainers:
	1. Body:  ASTM A 126, Class B cast iron, with bolted cover and bottom drain connection.
	2. End Connections:  Threaded ends for strainers NPS 2 and smaller; flanged ends for strainers NPS 2-1/2 and larger.
	3. Strainer Screen:  Stainless-steel, 20 mesh strainer, and perforated stainless-steel basket with 50 percent free area.
	4. CWP Rating:  150-psig working steam pressure.


	2.7 SAFETY VALVES
	A. Bronze or Brass Safety Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Armstrong International, Inc.
	b. Kunkle Valve; a Tyco International Ltd. Company.
	c. Spirax Sarco, Inc.
	d. Watts Water Technologies, Inc.

	2. Disc Material:  Forged copper alloy.
	3. End Connections:  Threaded inlet and outlet.
	4. Spring:  Fully enclosed steel spring with adjustable pressure range and positive shutoff, factory set and sealed.
	5. Pressure Class:  150.
	6. Drip-Pan Elbow:  Cast iron and having threaded inlet and outlet with threads complying with ASME B1.20.1.
	7. Size and Capacity:  As required for equipment according to ASME Boiler and Pressure Vessel Code.

	B. Cast-Iron Safety Valves:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Armstrong International, Inc.
	b. Kunkle Valve; a Tyco International Ltd. Company.
	c. Spirax Sarco, Inc.
	d. Watts Water Technologies, Inc.

	2. Disc Material:  Forged copper alloy with bronze nozzle.
	3. End Connections:  Raised-face flanged inlet and threaded or flanged outlet connections.
	4. Spring:  Fully enclosed cadmium-plated steel spring with adjustable pressure range and positive shutoff, factory set and sealed.
	5. Pressure Class:  150.
	6. Drip-Pan Elbow:  Cast iron and having threaded inlet, outlet, and drain, with threads complying with ASME B1.20.1.
	7. Exhaust Head:  Cast iron and having threaded inlet and drain, with threads complying with ASME B1.20.1.
	8. Size and Capacity:  As required for equipment according to ASME Boiler and Pressure Vessel Code.


	2.8 PRESSURE-REDUCING VALVES
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Armstrong International, Inc.
	2. Hoffman Specialty; Division of ITT Industries.
	3. Leslie Controls, Inc.
	4. Spence Engineering Company, Inc.
	5. Spirax Sarco, Inc.

	B. Size, Capacity, and Pressure Rating:  Factory set for inlet and outlet pressures indicated.
	C. Description:  Pilot-actuated, diaphragm type, with adjustable pressure range and positive shutoff.
	D. Body:  Cast iron.
	E. End Connections:  Threaded connections for valves NPS 2 and smaller and flanged connections for valves NPS 2-1/2 and larger.
	F. Trim:  Hardened stainless steel.
	G. Head and Seat:  Replaceable, main head stem guide fitted with flushing and pressure-arresting device cover over pilot diaphragm.
	H. Gaskets:  Non-asbestos materials.
	I. Capacities and Characteristics:
	1. See plan notes


	2.9 STEAM TRAPS
	A. Float and Thermostatic Traps:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Armstrong International, Inc.
	b. Barnes & Jones, Inc.
	c. Dunham-Bush, Inc.
	d. Hoffman Specialty; Division of ITT Industries.
	e. Spirax Sarco, Inc.
	f. Sterling.
	g. Mepco

	2. Body and Bolted Cap:  ASTM A 126, cast iron.
	3. End Connections:  Threaded.
	4. Float Mechanism:  Replaceable, stainless steel.
	5. Head and Seat:  Hardened stainless steel.
	6. Trap Type:  Balanced pressure.
	7. Thermostatic Bellows:  Stainless steel or monel.
	8. Thermostatic air vent capable of withstanding 45 deg F of superheat and resisting water hammer without sustaining damage.
	9. Vacuum Breaker:  Thermostatic with phosphor bronze bellows, and stainless steel cage, valve, and seat.
	10. Maximum Operating Pressure:  125 psig.


	2.10 THERMOSTATIC AIR VENTS AND VACUUM BREAKERS
	A. Thermostatic Air Vents:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Armstrong International, Inc.
	b. Barnes & Jones, Inc.
	c. Dunham-Bush, Inc.
	d. Hoffman Specialty; Division of ITT Industries.
	e. Spirax Sarco, Inc.
	f. Sterling.
	g. Mepco

	2. Body:  Cast iron, bronze or stainless steel.
	3. End Connections:  Threaded.
	4. Float, Valve, and Seat:  Stainless steel.
	5. Thermostatic Element:  Phosphor bronze bellows in a stainless-steel cage.
	6. Pressure Rating:  125 psig.
	7. Maximum Temperature Rating:  350 deg F.

	B. Vacuum Breakers:
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Armstrong International, Inc.
	b. Dunham-Bush, Inc.
	c. Hoffman Specialty; Division of ITT Industries.
	d. Johnson Corporation (The).
	e. Spirax Sarco, Inc.
	f. Mepco

	2. Body:  Cast iron, bronze, or stainless steel.
	3. End Connections:  Threaded.
	4. Sealing Ball, Retainer, Spring, and Screen:  Stainless steel.
	5. O-ring Seal:  EPR.
	6. Pressure Rating:  125 psig.
	7. Maximum Temperature Rating:  350 deg F.

	C. BLOWDOWN TANKS
	1. Manufacturers:
	a. CleverBrooks
	b. Cemline.
	c. Shipco.
	d. Penn Separator.
	e. Bryan Steam.
	2. Furnish and install according to drawings and manufacturer’s instructions the quantity of blowdown tank as shown on the drawings. Each unit shall consist of (1) ASME code stamped steel receiver, with automatic after section and inlet, vent and drai...
	3. The blowdown tank shall be manufactured of steel ASME code stamped and include manhole. The receiver shall be elevated with stand and equipped with: stainless steel wear plate, tangential inlet tapping, water outlet which extends 6” off the bottom ...
	4. The unit shall be factory tested as a complete unit. The pump manufacturer shall furnish complete elementary connection and piping diagrams.



	PART 3 -  EXECUTION
	3.1 LP STEAM PIPING APPLICATIONS
	A. LP Steam Piping, NPS 2 and Smaller:  Schedule 40, Type S, Grade B, steel pipe; Class 125 cast-iron fittings; and threaded joints.
	B. LP Steam Piping, NPS 2-1/2 through NPS 8:  Schedule 40, Type E, Grade B, steel pipe; Class 150 wrought-steel fittings, flanges, and flange fittings; and welded and flanged joints.
	C. Condensate piping above grade, NPS ¾ through 2 and smaller, shall be either of the following:
	1. Schedule 40, Type S, Grade B, steel pipe; Class 125 cast-iron fittings; and threaded joints.
	2. RTRP and RTRF with adhesive or flanged joints.

	D. Condensate piping above grade, NPS 2-1/2 through 8 shall be either of the following:
	1. Schedule 40, Type E, Grade B, steel pipe; Class 150 wrought-steel fittings, flanges, and flange fittings; and welded and flanged joints.
	2. RTRP and RTRF with adhesive or flanged joints.


	3.2 VALVE APPLICATIONS
	A. Install shutoff duty valves at branch connections to steam supply mains, at steam supply connections to equipment, and at the outlet of steam traps.
	B. Install safety valves on pressure-reducing stations and elsewhere as required by ASME Boiler and Pressure Vessel Code.  Install safety-valve discharge piping, without valves, to nearest floor drain or as indicated on Drawings.  Comply with ASME Boi...

	3.3 PIPING INSTALLATION
	A. Drawing plans, schematics, and diagrams indicate general location and arrangement of piping systems.  Use indicated piping locations and arrangements if such were used to size pipe and calculate friction loss, expansion, and other design considerat...
	B. Install piping in concealed locations, unless otherwise indicated and except in equipment rooms and service areas.
	C. Install piping indicated to be exposed and piping in equipment rooms and service areas at right angles or parallel to building walls.  Diagonal runs are prohibited unless specifically indicated otherwise.
	D. Install piping above accessible ceilings to allow sufficient space for ceiling panel removal.
	E. Install piping to permit valve servicing.
	F. Install piping free of sags and bends.
	G. Install fittings for changes in direction and branch connections.
	H. Install piping to allow application of insulation.
	I. Select system components with pressure rating equal to or greater than system operating pressure.
	J. Install groups of pipes parallel to each other, spaced to permit applying insulation and servicing of valves.
	K. Install drains, consisting of a tee fitting, NPS 3/4 full port-ball valve, and short NPS 3/4  threaded nipple with cap, at low points in piping system mains and elsewhere as required for system drainage.
	L. Install steam supply piping at a minimum uniform grade of 0.2 percent downward in direction of steam flow.
	M. Install condensate return piping at a minimum uniform grade of 0.4 percent downward in direction of condensate flow.
	N. Reduce pipe sizes using eccentric reducer fitting installed with level side down.
	O. Install valves according to Division 23 Section "General-Duty Valves for HVAC Piping."
	P. Install unions in piping, NPS 2 and smaller, adjacent to valves, at final connections of equipment, and elsewhere as indicated.
	Q. Install flanges in piping, NPS 2-1/2 and larger, at final connections of equipment and elsewhere as indicated.
	R. Install strainers on supply side of control valves, pressure-reducing valves, traps, and elsewhere as indicated.  Install NPS 3/4 nipple and full port ball valve in blowdown connection of strainers NPS 2 and larger.  Match size of strainer blowoff ...
	S. Install expansion loops, expansion joints, anchors, and pipe alignment guides as specified in Division 23 Section "Expansion Fittings and Loops for HVAC Piping."
	T. Identify piping as specified in Division 23 Section "Identification for HVAC Piping and Equipment."
	U. Install drip legs at low points and natural drainage points such as ends of mains, bottoms of risers, and ahead of pressure regulators, and control valves.
	1. On straight runs with no natural drainage points, install drip legs at intervals not exceeding 300 feet.
	2. Size drip legs same size as main.  In steam mains NPS 6 and larger, drip leg size can be reduced, but to no less than NPS 4.

	V. Install sleeves for piping penetrations of walls, ceilings, and floors.  Comply with requirements for sleeves specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping."
	W. Install sleeve seals for piping penetrations of concrete walls and slabs.  Comply with requirements for sleeve seals specified in Division 23 Section "Sleeves and Sleeve Seals for HVAC Piping."
	X. Install escutcheons for piping penetrations of walls, ceilings, and floors.  Comply with requirements for escutcheons specified in Division 23 Section "Escutcheons for HVAC Piping."

	3.4 STEAM-TRAP INSTALLATION
	A. Install steam traps in accessible locations as close as possible to connected equipment.
	B. Install full-port ball valve, strainer, and union upstream from trap; install union, check valve, and full-port ball valve downstream from trap unless otherwise indicated.

	3.5 PRESSURE-REDUCING VALVE INSTALLATION
	A. Install pressure-reducing valves in accessible location for maintenance and inspection.
	B. Install bypass piping around pressure-reducing valves, with globe valve equal in size to area of pressure-reducing valve seat ring, unless otherwise indicated.
	C. Install gate valves on both sides of pressure-reducing valves.
	D. Install unions or flanges on both sides of pressure-reducing valves having threaded- or flanged-end connections respectively.
	E. Install pressure gages on low-pressure side of pressure-reducing valves after the bypass connection according to Division 23 Section "Meters and Gages for HVAC Piping."
	F. Install strainers upstream for pressure-reducing valve.
	G. Install safety valve downstream from pressure-reducing valve station.

	3.6 STEAM OR CONDENSATE METER INSTALLATION
	A. Install meters with lengths of straight pipe upstream and downstream according to steam meter manufacturer's instructions.
	B. Provide data acquisition wiring.  Refer to Division 23 Section "Instrumentation and Control for HVAC."

	3.7 SAFETY VALVE INSTALLATION
	A. Install safety valves according to ASME B31.9, "Building Services Piping." and ASME B31.9, "Building Services Piping."
	B. Pipe safety-valve discharge without valves to atmosphere outside the building.
	C. Install drip-pan elbow fitting adjacent to safety valve and pipe drain connection to nearest floor drain.
	D. Install exhaust head with drain to waste, on vents equal to or larger than NPS 2-1/2.

	3.8 HANGERS AND SUPPORTS
	A. Install hangers and supports according to Division 23 Section "Hangers and Supports for HVAC Piping and Equipment." Comply with requirements below for maximum spacing.
	B. Seismic restraints are specified in Division 23 Section "Vibration and Seismic Controls for HVAC Piping and Equipment."
	C. Install the following pipe attachments:
	1. Adjustable steel clevis hangers for individual horizontal piping less than 20 feet long.
	2. Adjustable roller hangers and spring hangers for individual horizontal piping 20 feet or longer.
	3. Pipe Roller:  MSS SP-58, Type 44 for multiple horizontal piping 20 feet or longer, supported on a trapeze.
	4. Spring hangers to support vertical runs.

	D. Install hangers with the following maximum spacing and minimum rod sizes:
	1. NPS 3/4:  Maximum span, 9 feet; minimum rod size, 1/4 inch.
	2. NPS 1:  Maximum span, 9 feet; minimum rod size, 1/4 inch.
	3. NPS 1-1/2:  Maximum span, 12 feet; minimum rod size, 3/8 inch.
	4. NPS 2:  Maximum span, 13 feet; minimum rod size, 3/8 inch.
	5. NPS 2-1/2:  Maximum span, 14 feet; minimum rod size, 3/8 inch.
	6. NPS 3:  Maximum span, 15 feet; minimum rod size, 3/8 inch.
	7. NPS 4:  Maximum span, 17 feet; minimum rod size, 1/2 inch.
	8. NPS 6:  Maximum span, 21 feet; minimum rod size, 1/2 inch.
	9. NPS 8:  Maximum span, 24 feet; minimum rod size, 5/8 inch.

	E. Install hangers for drawn-temper copper piping with the following maximum spacing and minimum rod sizes:
	1. NPS 1/2:  Maximum span, 4 feet; minimum rod size, 1/4 inch.
	2. NPS 3/4:  Maximum span, 5 feet; minimum rod size, 1/4 inch.
	3. NPS 1:  Maximum span, 6 feet; minimum rod size, 1/4 inch.
	4. NPS 1-1/2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.
	5. NPS 2:  Maximum span, 8 feet; minimum rod size, 3/8 inch.

	F. Support vertical runs at roof, at each floor, and at 10-foot intervals between floors.

	3.9 PIPE JOINT CONSTRUCTION
	A. Join pipe and fittings according to the following requirements and Division 23 Sections specifying piping systems.
	B. Ream ends of pipes and tubes and remove burrs.  Bevel plain ends of steel pipe.
	C. Remove scale, slag, dirt, and debris from inside and outside of pipe and fittings before assembly.
	D. Soldered Joints:  Apply ASTM B 813, water-flushable flux, unless otherwise indicated, to tube ends.  Construct joints according to ASTM B 828 or CDA's "Copper Tube Handbook," using lead-free solder alloy complying with ASTM B 32.
	E. Brazed Joints:  Construct joints according to AWS's "Brazing Handbook," "Pipe and Tube" chapter, using copper-phosphorus brazing filler metal complying with AWS A5.8.
	F. Threaded Joints:  Thread pipe with tapered pipe threads according to ASME B1.20.1.  Cut threads full and clean using sharp dies.  Ream threaded pipe ends to remove burrs and restore full ID.  Join pipe fittings and valves as follows:
	1. Apply appropriate tape or thread compound to external pipe threads unless dry seal threading is specified.
	2. Damaged Threads:  Do not use pipe or pipe fittings with threads that are corroded or damaged.  Do not use pipe sections that have cracked or open welds.

	G. Welded Joints:  Construct joints according to AWS D10.12, using qualified processes and welding operators according to Part 1 "Quality Assurance" Article.
	H. Flanged Joints:  Select appropriate gasket material, size, type, and thickness for service application.  Install gasket concentrically positioned.  Use suitable lubricants on bolt threads.

	3.10 TERMINAL EQUIPMENT CONNECTIONS
	A. Size for supply and return piping connections shall be the same as or larger than equipment connections.
	B. Install traps and control valves in accessible locations close to connected equipment.
	C. Install bypass piping with globe valve around control valve.  If parallel control valves are installed, only one bypass is required.
	D. Install vacuum breakers downstream from control valve, close to coil inlet connection.
	E. Install a drip leg at coil outlet.

	3.11 FIELD QUALITY CONTROL
	A. Prepare steam and condensate piping according to ASME B31.9, "Building Services Piping," and as follows:
	1. Leave joints, including welds, uninsulated and exposed for examination during test.
	2. Provide temporary restraints for expansion joints that cannot sustain reactions due to test pressure.  If temporary restraints are impractical, isolate expansion joints from testing.
	3. Flush system with clean water.  Clean strainers.
	4. Isolate equipment from piping.  If a valve is used to isolate equipment, its closure shall be capable of sealing against test pressure without damage to valve.  Install blinds in flanged joints to isolate equipment.

	B. Perform the following tests on steam and condensate piping:
	1. Use ambient temperature water as a testing medium unless there is risk of damage due to freezing.  Another liquid that is safe for workers and compatible with piping may be used.
	2. Subject piping system to hydrostatic test pressure that is not less than 1.5 times the working pressure.  Test pressure shall not exceed maximum pressure for any vessel, pump, valve, or other component in system under test.  Verify that stress due ...
	3. After hydrostatic test pressure has been applied for at least 10 minutes, examine piping, joints, and connections for leakage.  Eliminate leaks by tightening, repairing, or replacing components, and repeat hydrostatic test until there are no leaks.

	C. Prepare written report of testing.



	232500 - hvac water treatment
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes water-treatment systems for the following:
	1. Closed circulating water system related to HVAC.
	2. Heating, steam and condensate piping.

	B. Related Sections include the following:
	1. Section "Water Softeners" for water treatment in hydronic and steam and condensate piping.


	1.3 CHEMICAL FEED SYSTEM DESCRIPTION
	A. Closed-Loop System: One bypass feeder on each system with isolating and drain valves downstream from circulating pumps, unless otherwise indicated.
	1. Introduce chemical treatment through bypass feeder when required or indicated by test.

	B. Closed-Loop, Heating Steam and Condensate Piping: Lead-lag switch controls the sequence of boilers and introduces the chemical to the boiler through a bypass feeder.
	1. Chemical feed pump introduces sequestering agent and base from solution tank into each boiler or condensate tank or feedwater line close to each boiler, with minimum of one pump per boiler.  Use agitator as required.
	2. Pump oxygen scavenger feed from solution tank into deaerator storage tank or feedwater tank or feedwater line as far as possible from boiler.  Use agitator as required.
	3. Feed carbon dioxide, neutralizing amine from solution tank directly into boiler or steam header or condensate tank or feedwater line close to boiler, or filming amine into steam header.  Use agitator as required.
	4. Activate chemical solution pump when feedwater pumps are running.
	5. Activate chemical solution pump from meter on makeup water line only when one boiler is used.
	6. Continuously run pump for feeding chemical when multiple boilers are used.
	7. Liquid-level switch, in each solution tank, deactivates chemical solution pump and signals alarm.
	8. Conductivity controller samples boiler water on timed cycle and operates solenoid blowdown valve.


	1.4 PERFORMANCE REQUIREMENTS
	A. Maintain water quality for HVAC systems that controls corrosion and build-up of scale and biological growth for maximum efficiency of installed equipment without posing a hazard to operating personnel or the environment.
	B. Base chemical treatment performance requirements on quality of water available at Project site, HVAC system equipment material characteristics and functional performance characteristics, operating personnel capabilities, and requirements and guidel...
	1. Closed System:  Maintain system essentially free of scale, corrosion, and fouling to sustain the following water characteristics:
	a. pH:  8 to 9.

	2. Steam and Condensate Piping System:  Maintain system essentially free of scale, corrosion, total suspended solids, and fouling to sustain the following water characteristics:
	a. pH:  8 to 9.



	1.5 SUBMITTALS
	A. Product Data:  Include rated capacities; water-pressure drops; shipping, installed, and operating weights; and furnished products listed below:
	1. Chemical feeders.
	2. Chemicals.
	3. Pumps.
	4. Chemical solution tanks.
	5. Agitators.
	6. Control equipment and devices.
	7. Test equipment.
	8. Filters.

	B. Shop Drawings:  Detail equipment assemblies indicating dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	1. Wiring Diagrams:  Detail power and control wiring and differentiate between manufacturer-installed and field-installed wiring.

	C. Water Analysis:  Submit a copy of the water analysis to illustrate water quality available at Project site.
	D. Field Test Reports:  Indicate and interpret test results for compliance with performance requirements.
	E. Maintenance Data:  For pumps, agitators, filters, system controls, and accessories to include in maintenance manuals specified in Division 1.

	1.6 QUALITY ASSURANCE
	A. Installer Qualifications:  An experienced installer who is an authorized representative of the chemical treatment manufacturer for both installation and maintenance of chemical treatment equipment required for this Project.
	B. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.

	1.7 MAINTENANCE
	A. Scope of Service:  Provide chemicals and service program for maintaining optimum conditions in the circulating water for inhibiting corrosion, scale, and organic growths in the following:
	1. Heating steam and condensate piping.
	2. Condenser water piping.
	3. Equipment.

	B. Services and chemicals shall be provided for a period of one year from date of Substantial Completion, including the following:
	1. Initial water analysis and recommendations.
	2. Startup assistance.
	3. Periodic field service and consultation.
	4. Customer report charts and log sheets.
	5. Laboratory technical assistance.
	6. Analyses and reports of all chemical items concerning safety and compliance with government regulations.


	1.8 EXTRA MATERIALS
	A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Chemicals:  Furnish quantity equal to 50% percent of amount initially installed.



	PART 2 -  PRODUCTS
	2.1 MANUFACTURERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following or as specified on drawing:
	1. HVAC Water-Treatment Products:
	a. Aqua-Chem, Inc.; Cleaver-Brooks Div.
	b. Neptune Chemical Pump Company, Inc.
	c. Trane Boland Services; Water Treatment.



	2.2 BYPASS FILTER FEEDER
	A. Manufacturer & Model: Neptune FTF-5HP with 5-micron filter and leg set or approved equal.
	B. Provide bypass filter feeder(s) with a capacity of 5-gallons for each:
	1. Hot water heating system.
	2. Chilled water system.
	3. Closed circulating water system related to HVAC.

	C. The feeder shell shall be constructed of 10-gauge steel minimum for 5-gallon and larger units. Tank heads shall be minimum 9-gauge steel for 5-gallon units. The bypass feeder shall be rated at 300 psi and to 200 degrees F.
	D. The tank shall have a wide mouth, 3-1/2” opening so that chemical addition can be performed without the need of a funnel. The bypass feeder shall have a continuous threaded closure requiring 2-1/2 turns to close and seal. Closures using partial thr...
	E. The cap shall be constructed of cast iron with an epoxy-coated underside to prevent corrosion and shall use a square ring gasket seal. The ring gasket shall not be glued or restrained from movement. Closures using “o” rings or gaskets, which are gl...
	F. Required Accessories:
	1. Legs – The bypass feeder shall be provided with legs to elevate the feeder off the floor. The legs shall have holes to allow mounting by anchor bolts.
	2. Filter (provide one of the two filter accessories):
	a. Bag Filter – The bypass feeder shall be provided with a 5-micron filter bag fully supported by a stainless-steel filter basket for simultaneous side stream filtering.
	b. Cartridge Filter – The bypass feeder shall be provided with a 5-micron cartridge filter for simultaneous side stream filtering.



	2.3 CHEMICAL FEEDING EQUIPMENT
	A. Drip Feeders:  Plastic reservoir with capillary tubing probe, weight, charging syringe, and clip.
	B. Positive-Displacement Diaphragm Pump (for normal operating pressures):  Simplex, self-priming, rated for intended chemical with 25 percent safety factor for design pressure and temperature.
	1. Adjustable flow rate.
	2. Thermoplastic construction.
	3. Fully enclosed, continuous-duty, 120-V, 60-Hz, single-phase motor. As specified on drawing.
	4. Built-in relief valve.

	C. Chemical Solution Tanks:  Chemical-resistant reservoirs fabricated from high-density opaque polyethylene with graduated markings.
	1. Molded fiberglass cover with recess for mounting pump, agitator, and liquid-level switch.
	2. Capacity:  as specified on drawing.

	D. Agitator:  Direct drive, 1750 rpm, mounted on tank with angle adjustment.
	1. Fully enclosed, continuous-duty, 120-V, 60-Hz, single-phase motor.as specified on drawing.
	2. Stainless-steel clamp and motor mount, with stainless-steel shaft and propeller.

	E. Liquid-Level Switch:  Polypropylene housing, integrally mounted PVC air trap, receptacles for connection to metering pump, and low-level alarm.
	F. Packaged Conductivity Controller:  Solid-state circuitry, 5 percent accuracy, linear dial adjustment, built-in calibration switch, on-off switch and light, control-function light, output to control circuit, and recorder.
	G. Cold-Water Meter:  Positive-displacement type with sealed, tamperproof magnetic drive; impulse contact register; single-pole, double-throw, dry-contact switch.
	1. Rotating-disc (for small units) or Turbine (for larger units) type with bronze or cast-iron body rated for 125 psig.
	2. Magnetic-drive or mechanical-impulse contactor matched to signal receiver.
	3. At least six-digit totalizers.
	4. 120-V ac.

	H. Solenoid Valves: Forged-brass body, globe pattern, and general-purpose solenoid enclosure with 120-V, continuous-duty coil.
	I. Electronic Timers: 150-second and 5-minute ranges, with infinite adjustment over full range, and mounted in cabinet with hand-off-auto switches and status lights.
	J. Chemical Tubing: Schedule 40, PVC with solvent-cement joints; or polypropylene tubing with heat fusion.
	K. Plastic Ball Valves: Rigid PVC or CPVC body, integral union ends, and polytetrafluoroethylene seats and seals.
	L. Plastic-Body Strainer: Rigid PVC or CPVC with cleanable stainless-steel strainer element.

	2.4 CHEMICAL TREATMENT TEST EQUIPMENT
	A. Test Kit: Manufacturer recommended equipment and chemicals, in a carrying case, for testing pH, total dissolved solids, dissolved oxygen, biocount, chloride, and total alkalinity and for calcium hardness field tests.
	B. Corrosion Test Coupon Assembly:  Constructed of corrosion material, complete with piping, valves, and mild steel and copper coupons.  Locate copper coupon downstream from mild steel coupon in the test coupon assembly.
	1. Two-station rack for closed-loop systems.


	2.5 CHEMICALS
	A. Furnish chemicals recommended by water-treatment system manufacturer that are compatible with piping system components and connected equipment.
	B. System Cleaner: Liquid alkaline compound with emulsifying agents and detergents to remove grease and petroleum products.
	C. Biocide:  Chlorine release agents or microbiocides.
	D. Closed-Loop, Water Piping Chemicals: Sequestering agent to reduce deposits and adjust pH, corrosion inhibitors, and conductivity enhancers.
	E. Heating Steam and Condensate Piping Chemicals: Sequestering agent to reduce hardness and prevent feedline congestion and to provide alkalinity, oxygen scavenger, carbon-dioxide neutralizer, and filming amines.
	F. Open-Loop, Condenser Water Piping Chemicals: Sequestering agent to inhibit scaling, acid to reduce alkalinity and pH, corrosion inhibitor, and biocide.
	G. Open-Loop Piping Chemicals Serving Humidifiers, Air Washers, Evaporative Condensers, Small Cooling Towers, and Liquid Coolers: Sequestering agent to inhibit scaling, corrosion inhibitor, and biocide nonoxidizing.


	PART 3 -  EXECUTION
	3.1 WATER ANALYSIS
	A. Perform an analysis of supply water to determine the type and quantities of chemical treatment needed to maintain the water quality as specified in "Performance Requirements" Article.

	3.2 INSTALLATION
	A. Install treatment equipment level and plumb.
	B. Add cleaning chemicals as recommended by manufacturer.

	3.3 CONNECTIONS
	A. Piping installation requirements are specified in other mechanical Sections.  Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Install piping adjacent to equipment to allow service and maintenance.
	C. Confirm applicable electrical requirements in Electrical Sections for connecting electrical equipment.
	D. Ground equipment.
	1. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A and UL 486B.


	3.4 FIELD QUALITY CONTROL
	A. Engage a factory-authorized service representative to perform startup service.
	1. Inspect field-assembled components and equipment installation, including piping and electrical connections.  Report results in writing.
	2. Inspect piping and equipment to determine that systems and equipment have been cleaned, flushed, and filled with water, and are fully operational before introducing chemicals for water-treatment system.
	3. Place HVAC water-treatment system into operation and calibrate controls during the preliminary phase of HVAC systems' startup procedures.

	B. Test chemical feed piping as follows:
	1. Do not enclose, cover, or put piping into operation until it is tested and satisfactory test results are achieved.
	2. Test for leaks and defects.  If testing is performed in segments, submit separate report for each test, complete with diagram of portion of piping tested.
	3. Leave uncovered and unconcealed new, altered, extended, and replaced water piping until it has been tested and approved.  Expose work that has been covered or concealed before it has been tested and approved.
	4. Cap and subject piping to static water pressure of 50 psig above operating pressure, without exceeding pressure rating of piping system materials.  Isolate test source and allow test pressure to stand for four hours.  Leaks and loss in test pressur...
	5. Repair leaks and defects with new materials and retest piping until satisfactory results are obtained.
	6. Prepare test reports, including required corrective action.


	3.5 ADJUSTING
	A. Sample boiler water at one-week intervals after boiler startup for a period of five weeks, and prepare certified test report for each required water performance characteristic.  Where applicable, comply with ASTM D 3370 and the following standards:
	1. Silica:  ASTM D 859.
	2. Steam System: ASTM D 1066.
	3. Acidity and Alkalinity: ASTM D 1067.
	4. Iron:  ASTM D 1068.
	5. Water Hardness: ASTM D 1126.

	B. Occupancy Adjustments: Within 12 months of Substantial Completion, perform two separate water analyses to prove that automatic chemical feed systems are maintaining water quality within performance requirements specified in this Section.  Perform a...

	3.6 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain HVAC water-treatment systems and equipment.
	1. Train Owner's maintenance personnel on procedures and schedules for starting and stopping, troubleshooting, servicing, and maintaining equipment and schedules.

	B. Review manufacturer's safety data sheets for handling of chemicals.
	C. Review data in maintenance manuals, especially data on recommended parts inventory and supply sources and on availability of parts and service.  Refer to Division 1 Section "Contract Closeout" or Division 1 Section "Operation and Maintenance Data."
	D. Schedule at least four hours of training with Owner, through Architect, with at least seven days' advance notice.



	235239 - Fire-Tube Boilers
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes horizontal, packaged, factory-fabricated and -assembled fire-tube boilers, trim, and accessories for generating steam.

	1.3 ACTION SUBMITTALS
	A. Product Data: For each type of product include the following:
	1. Construction details, material descriptions, dimensions, and weights of individual components, profiles, and finishes for boilers.
	2. Rated capacities, operating characteristics, and furnished specialties and accessories.
	3. Predicted boiler efficiency while operating at design capacity and at varying part loads with basis indicated.
	4. Predicted emissions levels while operating at design capacity and at varying part loads with basis indicated. Indicate operation that produces worst-case emissions.
	5. Technical data for refractory and insulation, including temperature rating, thermal performance, attachment, and arrangement.
	6. Calculations showing predicted surface temperature of boiler jacket with basis indicated.
	7. Force and moment capacity of each piping and flue connection.
	8. Dimensioned location of low, high, and normal water level, showing operating set point and each alarm set point.
	9. Temperature and pressure rating, size, and materials of construction for boiler trim components, including piping, fittings, flanges, unions, and valves. Provide valve manufacturer's product data for each valve furnished. For safety valves, include...
	10. Manufacturer's product data showing size, scale range, and accuracy of thermometers and pressure gages.
	11. Pressure rating, size, and materials of construction for boiler fuel train components including piping, fittings, flanges, unions, switches, and valves. Provide manufacturer's product data for each valve and switch furnished.
	12. Detailed information of controls, including product data with technical performance, operating characteristics, and sequence of operation.
	13. Product data for each motor, including performance, operating characteristics, and materials of construction.

	B. Shop Drawings: For boilers, boiler trim, and accessories.
	1. Include plans, elevations, sections, and mounting details.
	2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	3. Design calculations and base details, signed and sealed by a qualified professional engineer.
	a. Design Calculations: Calculate requirements for selecting vibration isolators and seismic restraints and for designing bases.
	b. Base Details: Detail fabrication, including anchorages and attachments to structure and to supported equipment. Include adjustable motor bases, rails, and frames for equipment mounting.

	4. Include diagrams for power, signal, and control wiring. Differentiate between factory and field installation.
	5. Include piping diagrams of factory-furnished piping that indicate size and each piping component.


	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Plan and elevation views, drawn to 3/8”-1’-0” scale, indicating equipment manufacturers' service clearances, structure and base attachment, piping, power, controls, and flues. Each view shows a screened background with the fo...
	1. Column grids, beams, columns, and concrete housekeeping pads.
	2. Room layout with walls, floors, and roofs, including each room name and number.
	3. Equipment and products of other trades that are located in vicinity of boilers and are part of final installation, such as lighting, fire-suppression systems, and plumbing systems.

	B. Seismic Qualification Certificates: For boilers, accessories, and components, from manufacturer.
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

	C. Installation instructions.
	D. Source quality-control reports.
	E. Field quality-control reports.
	F. Sample Warranty: For special warranty.
	G. Other Informational Submittals:
	1. ASME Stamp Certification and Report: Submit "A," "S," or "PP" stamp certificate of authorization, as required by authorities having jurisdiction, and document hydrostatic testing of piping external to boiler.
	2. Startup service reports.


	1.5 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For boilers, components, and accessories to include in emergency, operation, and maintenance manuals.
	B. Spare Parts List: Recommended spare parts list with quantity for each.
	C. Touch-up Paint Description: Detailed description of paint used in application of finish coat to allow for procurement of a matching paint.
	D. Instructional Videos: Including those that are prerecorded and those that are recorded during training.

	1.6 MAINTENANCE MATERIAL SUBMITTALS
	A. Tool kit to include the following:
	1. A tool kit specially designed by boiler manufacturer for use in servicing boiler(s) furnished.
	2. Special tools required to service boiler components not readily available to Owner service personnel in performing routine maintenance.
	3. Lockable case with hinged cover, marked with large and permanent text to indicate the special purpose of tool kit, such as "Boiler Tool Kit." Text size shall be at least 1 inch (25 mm) high.
	4. A list of each tool furnished. Permanently attach the list to underside of case cover. Text size shall be at least 0.5 inch (13 mm) high.

	B. Touch-up Paint: 32 oz. (1 L) container of paint used for finish coat. Label on outside of container shall have a detailed description of paint to allow for procurement of a matching paint in the future.

	1.7 DELIVERY, STORAGE, AND HANDLING
	A. Ship boilers from the factory free of water. Drain water and blow dry with compressed air if required to remove all water before shipping.
	B. Cover and protect flue, electrical controls, and piping connections before shipping. Protect and seal openings and connections with blinds, caps, plugs, and other materials during delivery, storage, and handling.
	C. Protect boiler components with removable temporary enclosures to prevent damage during shipping, storage, and installation.
	D. Package boiler for export shipping in totally enclosed crate with bagging.

	1.8 WARRANTY
	A. Special Warranty: Manufacturer agrees to repair or replace front- and rear-door refractories and heat exchangers of boilers that fail in materials or workmanship within specified warranty period.
	1. Horizontal Fire-Tube Boilers: Refractory in front and rear doors, 10 years from date of startup by factory-authorized personnel.



	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Fuel-to-steam efficiency indicated shall be based on the following:
	1. ASME Performance Test Code (PTC) 4, Input-Output method.
	2. Test Operating Conditions:
	a. Ambient Temperature: 80 F.
	b. Ambient Relative Humidity: 30%.
	c. Percent Excess Air in Exhaust Flue Gas: 15.
	d. Fuel Heating Value: 21,830 BTU/LB


	B. Gas-Fired Boiler Emissions: Not to exceed allowable ambient air quality standards in governing jurisdiction and indicated values.
	1. Carbon monoxide:
	a. 10 parts per million at any point from 100 percent to 20 percent fire.

	2. Nitrogen compounds: 20 parts per million (dry volume basis and corrected to 3 percent oxygen) at any point from 100 percent to low fire.
	3. Sulfur compounds: One part per million (dry volume basis and corrected to 3 oxygen) at any point from 100 percent to low fire.
	4. Hydrocarbon and Volatile Organic Compounds: 10 parts per million (dry volume basis and corrected to 3 percent oxygen) at any point from 100 percent to low fire.
	5. Particulate Matter: 0.01 lb/MMBtu.
	6. Smoke: Not visible and not to exceed No. 1 on the Bacharach smoke scale.

	C. Multiple Boiler Operation: Equip individual boilers in multiple boiler applications with integral controls to provide multiple boiler operation for optimum system performance, energy efficiency, and the following:
	1. Equalize runtime of boilers in service.
	2. Operate multiple boilers hot to minimize disruption of service in the event of single boiler failure.
	3. Configure controls so any boiler can be taken out of service with power disconnected and not impact multiple boiler operation.

	D. Sound: Boiler sound level, measured according to parameters defined in ABMA publication "Boiler 304 Measurement of Sound from Steam Generators" shall not exceed 70 dBA.
	E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	F. ASME Compliance: Fabricate and label boilers to comply with 2010 ASME Boiler and Pressure Vessel Code.
	G. ASHRAE/IES 90.1 Compliance: Boilers shall have minimum efficiency according to "Gas and Oil Fired Boilers - Minimum Efficiency Requirements."
	H. ISO 14000 Certification: Boiler manufacturer to provide certification stating that it has self-certified its company to ISO 14000.
	I. UL Compliance: Test Boilers for compliance with UL 726 and UL 795. Boilers shall be listed and labeled by a testing agency acceptable to authorities having jurisdiction.


	I. General Requirements
	B. Assemble and install boiler-burner unit(s) in compliance with manufacturer’s installation instructions. All work must be done in a neat and workman like manner.
	D. Boiler(s) shall have an AHRI gross output(s) at 100% firing rate –
	F. Regulatory Requirements
	G. Submittals


	II. Product
	A. Acceptable boiler/burner manufacturer(s) include(s):
	a) Full intent of these specifications, and provide complete submittal including                                      literature, wiring diagrams, fuel piping diagrams, and a list of similar installations.
	b) Submittal to be presented to specifying engineer at least seven working days for approval before bid opening. Substitutions are not permitted after contract is awarded.
	c) Burner(s) and Energy Management Control System(s) must be tested and approved for installation with specified boiler-by-boiler manufacturer.
	B. Boiler construction
	F. Boiler trim:
	2.2 GAS TRAIN
	A. Comply with Owner insurance underwriter requirements. In absence of specific requirements, comply with more stringent requirements indicated.
	B. Pilot gas piping train shall include:
	1. One manually operated, lubricated plug cock or ball valve upstream of all valves and accessories.
	2. One pressure regulator with vent.
	3. Pressure gage located downstream of pressure regulator. Nominal 2-inch (50-mm) face with graduated scale to indicate gas pressure. Gage shall have normal operating pressure of about 50 percent of full range.
	4. Primary and secondary automatic valves to operate simultaneously.
	5. Normally open, full port electrically operated valve in a vent pipe connected between automatic valves.
	6. Manually operated valve with threaded plug located downstream of both automatic gas valves to permit leakage testing.

	C. Main gas piping train shall include:
	1. Threaded pressure tapping with threaded plug upstream and downstream of valve and regulator.
	2. One manually operated, lubricated plug cock, ball valve, or butterfly valve upstream and downstream of all valves and accessories.
	3. One main pressure regulator with vent.
	4. Primary and secondary automatic valves to operate simultaneously.
	5. Manually operated gas valve with threaded plug located downstream of both automatic gas valves to permit leakage testing.
	6. Normally open, full port electrically operated valve in a vent pipe connected between automatic valves.
	7. Pressure gage with isolation valve located upstream and downstream of pressure regulator and at inlet to burner. Nominal 2-inch (50-mm) diameter face with graduated scale to indicate gas pressure. Gage shall have normal operating pressure of about ...
	8. Proof of closure switch for each motor-operated valve and pressure regulator.
	9. Low-gas-pressure and high-gas-pressure switch.

	D. Control devices and sequence shall comply with ASME CSD-1 requirements.
	E. Main gas valves shall be wired to close automatically in the event of power failure, low water level, or any safety shutdown condition.
	F. Mount pilot and main gas trains on side of boiler and support from boiler base.

	2.3 STEAM BOILER TRIM
	A. Include devices sized to comply with ASME BPUC Section IV and B16.
	B. Pressure Controllers: Operating, firing rate, and high limit.
	C. Safety Relief Valve:
	1. Size and Capacity: As required for equipment according to 2010 ASME Boiler and Pressure Vessel Code.
	2. Description: Fully enclosed steel spring with adjustable pressure range and positive shutoff; factory set and sealed.
	a. Drip-Pan Elbow: Cast iron and having flanged or threaded inlet and outlet with threads complying with ASME B1.20.1.
	b. Exhaust Head: Install exhaust head on vent pipe connected to safety relief valve.


	D. Pressure Gage: Nominal 4-inch (100-mm) diameter face with graduated scale and siphon, with isolation valve to indicate pressure vessel steam pressure. Gage shall have boiler normal operating pressure of about 50 percent of full range and an accurac...
	E. Bimetal Thermometer: Stainless-steel case with angle position adjustment and nominal 5-inch (125-mm) diameter face having a graduated scale with a range of approximately 1.5 times the outlet temperature. Mount thermometer in a Type 316 stainless-st...
	F. Water Column: Minimum 12-inch (300-mm) reflex glass gage with gage rods to protect glass, ball check and shutoff cocks, water column blowdown valves, and vacuum breaker. Midpoint of gage shall be at normal operating water level.
	G. Bottom Blowdown Valves: Factory-installed, duty-rated, slow-acting blowdown valves and interconnecting piping same size as boiler nozzle. Blowdown valves shall be combination of slow and quick acting as required by ASME B31.1.
	H. Surface Blowdown Valves: Factory-installed, duty-rated isolation valves and interconnecting piping. In addition, provide electrically operated control valve, duty rated, to control total dissolved solids (TDS) through boiler controls.
	I. Stop Valves: Boiler outlets, except safety relief valves, shall be equipped with duty-rated stop valve in an accessible location as near as is practical to boiler nozzle and same size or larger than nozzle. Valves larger than NPS 2 (DN 50) shall ha...
	J. Stop-Check Valves: Factory-installed, duty-rated stop-check valve and stop valve at boiler outlet with free-blow drain valve field installed between the two valves and visible when operating stop-check valve.
	K. Feedwater Valves: Factory-installed, three-valve bypass arrangement with modulating control valve positioned between duty-rated stop valves, bypass piping with throttling valve, check valve, and interconnecting piping. Stop and throttling valves la...
	1. Duty rated with electric operator to control water level through boiler controls.
	2. Equal percentage flow characteristic.
	3. Valve Flow: 1.25 times boiler output.
	4. Valve Pressure and Temperature Rating: Equal to boiler.
	5. Shut-off Leakage: 0.0001 percent of valve coefficient.

	L. Chemical Injection Assembly: Factory-installed, duty-rated injection quill with ball check valve and isolation valve compatible with dispensed chemical.
	M. Sample Cooler: Factory furnished for field installation, with needle valve for each connection. Constructed of Type 316 stainless steel.

	2.4 CONTROLS
	A. Boiler operating controls shall include the following devices and features:
	1. Control transformer(s) with fuse protection, as required by manufacturer, to implement requirements indicated. Provide transformer with 25 percent spare capacity.
	2. Set-Point Adjust: Operating and alarm set points shall be field adjustable.

	B. Pressure Control for Steam Boilers:
	1. Operating-Pressure Control: Factory wired and mounted to control boiler to maintain boiler at constant pressure within 2 percent of set point.
	2. High-Pressure Cutoff with Automatic Reset: Control stops burner if operating conditions rise above normal operating-pressure set point. Set point shall be adjustable.
	3. High-Pressure Cutoff with Manual Reset: Control stops burner operation upon reaching adjustable high limit set point that is below safety valve setting.

	C. Water-Level Control for Steam Boilers:
	1. Operating Water-Level Control: Operate feedwater pump(s) continuously and modulate boiler feedwater valve in response to water level, steam flow rate, and rate of pressure change for water-level control.
	2. Low-Water Cutoff Switch: Float and electronic probe shall prevent burner operation on low water. Cutoff switch shall be automatic-reset type.
	3. Auxiliary Low-Water Cutoff Switch: Float and electronic probe shall prevent burner operation on low-water alarm limit. Cutoff switch shall be manual-reset type.
	4. Microprocessor-based control.
	5. Accuracy within 0.01 inch (0.25 mm).
	6. Visual indication of level, alarms, and errors through alphanumeric display.
	7. Features:
	a. Continuous water-level indication.
	b. Low-water cutoff and alarm.
	c. High-water alarm.
	d. Low- and high-water warning.
	e. Control of feedwater pump.
	f. Control of modulating feedwater control valve.
	g. Continuous monitoring of float operation.
	h. Column blowdown detection and reminder.
	i. Auxiliary low-water cutoff check.
	j. Auto and manual reset.
	k. Alarm annunciation.


	D. Multiple Boiler Operation: Include automatic, alternating-firing sequence for multiple boilers to ensure maximum system efficiency throughout the load range and to provide equal runtime for boilers.
	E. Boiler Emergency Shutdown: Interlock with field-installed boiler emergency shutdown switch to shut down boiler when activated. Manufacturer to furnish break-glass-type switch with permanent nameplate titled "Boiler Emergency Shutdown" for field ins...
	F. Chemical Feed System Interface: Dry contacts to interface control and operation of chemical feed pump.
	G. Burner Safety Controls for Steam Boilers: To maintain safe operating conditions, burner safety controls limit burner operation.
	1. High Cutoff: Automatic and Manual reset stops burner if operating conditions rise above maximum boiler operating pressure.
	2. Low-Water Cutoff Switch: Float and electronic probe shall prevent burner operation on low water. Cutoff switch shall be automatic-reset type.
	3. Auxiliary Low-Water Cutoff Switch: Float and electronic probe shall prevent burner operation on low-water alarm limit. Cutoff switch shall be manual-reset type.
	4. Audible Alarm: Factory mounted on control panel with silence switch; shall sound alarm for above conditions.

	H. Burner Flame Safeguard Controls:
	1. Factory equipped with flame safeguard control and infrared flame scanner.
	2. Microprocessor-based, solid-state control having sequence and flame-on visual indication and fault code indications of flame safeguard trip functions.
	3. Control shall include dynamic self-check logic.
	4. Control shall have a fixed operating sequence incapable of being manually altered that includes start, prepurge, pilot and main fuel ignition run, and postpurge cycles.
	5. Control shall be nonrecycle type for maximum safety that shall shut down the burner and indicate, as a minimum, the following trip functions:
	a. Pilot and main flame failure.
	b. High- and low-fire proving switch faults.
	c. Running interlocks open.
	d. False flame signal and fuel valve open.

	6. Control shall include a run/test switch to allow interruptions to sequence just after prepurge and during pilot ignition trial, and run cycles for adjustments to firing rate motor, damper linkages, and pilot flame for minimum turndown tests.

	I. Combustion-Air Controls: Factory equipped with motor-operated combustion-air damper and blower control to regulate burner fire according to load demand.
	J. Oxygen Trim Control:
	1. Provide oxygen trim system to continuously monitor and display oxygen concentrations in boiler flue gas and adjust fuel and airflow to maintain an adjustable oxygen-level set point.
	2. System shall compensate for changes in ambient temperature, barometric pressure, humidity, and variations in fuel characteristics.

	K. Surface Blowdown Control: Provide a conductivity sensor and control circuitry to operate an automatic control valve in surface blowdown piping to maintain total dissolved solids (TDS) within boiler manufacturer's prescribed level.
	L. DDC System Interface: Factory install hardware and software to enable system to monitor, control, and display boiler status and alarms.
	1. Hardwired I/O Points:
	a. Monitoring: On/off status, common trouble alarm, low-water-level alarm.
	b. Control: On/off operation, steam pressure adjustment.

	2. Communication Interface: ASHRAE 135 (BACnet) communication interface shall enable control system operator to remotely control on/off and capacity of boiler and monitor the boiler operation from an operator workstation. Control features are availabl...

	M. Integrated Boiler-Control System:
	1. Integral control of burner management for flame safety, boiler modulation, and operator interface functions with features and functions indicated.
	2. Factory preconfigured.
	3. Utilizing solid-state controls and sensors to provide various control functions, including the following:
	a. Automatic sequencing of the boiler through standby, prepurge, pilot flame establishing period, main flame establishing period, run, flame proving and lockout, and postpurge.
	b. Full modulating control of air and fuel through Proportional-Integral-Derivative (PID) algorithm.
	c. Thermal shock protection.
	d. High and low limit alarms and shutdowns.

	4. Local operator interface through nominal 10-inch (250-mm) color touch screen graphical display for setup, monitoring, and data acquisition.
	a. Manual control of the boiler firing rate using control screens to increment or decrement firing rate.
	b. Indication of burner management controller status and diagnostics.
	c. Display of system alarms and faults.
	d. Display of history of alarms and faults.
	e. Display of recommendations for troubleshooting of fault conditions.
	f. Display of water-level indication and alarm(s).
	g. Stack flue-gas, combustion-air, and shell water-temperature indication.
	h. Boiler efficiency calculation and display.
	i. Low-fire hold with minimum temperature control.
	j. Assured low-fire cutoff (ALFCO).
	k. High stack temperature annunciation with auto cutoff.
	l. Audible alarm and silencing through touch screen intervention.

	5. Fully integrated control of the following:
	a. Blower operation and combustion-air damper for varying operating conditions.
	b. Oxygen trim and monitoring to compensate for combustion-air variations.
	c. Parallel positioning for independent fuel and air control for enhanced fuel efficiency.
	d. Multiple boiler lead/lag control with hot standby.
	e. Draft control for maintaining proper and consistent draft for enhanced fuel efficiency.

	6. E-mail and paging feature to multiple contacts via Internet and phone line independent of control system interface.
	7. LAN/WAN interface with remote monitoring software to allow remote monitoring independent of control system interface.

	N. Control Enclosures:
	1. NEMA 250, Type 1.
	a. Provide enclosure with integral vents, fans, heater, and air conditioner as required to automatically control temperature inside enclosure within safe operating limits of devices installed within the enclosure.

	2. Wiring shall be numbered and color-coded to match wiring diagram. Provide a laminated wiring diagram located inside enclosure.
	3. Mounted on boiler assembly at a location convenient to operator.
	4. Provide hinged full-size door with key lock. Provide common key for all locks.
	5. Enclosure shall consist of multiple sections divided by a partition with a separate hinged door for each section. One section shall house low-voltage controls and other section shall house line voltage controls.
	6. Enclosure shall house the following:
	a. Control transformers with fuses.
	b. Labeled terminal strips.
	c. Controller(s) to provide control and alarm functions indicated.
	d. Audible indication of safety alarms.

	7. Face of enclosure shall provide the following:
	a. Visual indication of operating components and alarms.
	b. Auto/local capability to allow operator to manually operate boiler locally.
	c. Audible alarm-silence capability.
	d. Labels for switches, lights, and displays to provide clear indication of service.


	O. Control Instrument Enclosures: Control instruments and devices that are mounted on the boiler assembly and cannot be installed inside the control enclosure shall have same or higher level of protection indicated for control enclosures.
	P. Control Cable and Wire:
	1. Control cable and wiring shall be numbered and color-coded to match wiring diagram.
	2. Install cable and wiring located outside of enclosure(s) in a metal raceway. Use flexible conduit to make final terminations. Provide watertight installation for applications exposed to moisture.


	2.5 ELECTRICAL POWER
	A. Single-Point Field Power Connection: Factory-installed and -wired switches, motor controllers, transformers, and other electrical devices necessary shall provide a single-point field power connection to boiler.
	1. Enclosure: NEMA 250, Type 1.
	a. Enclosure shall have integral vents, fans, heat, and air conditioner as required to automatically control temperature inside enclosure within safe operating limits of devices installed within the enclosure.
	b. Mounted on boiler assembly at a location convenient to operator.
	c. Enclosure shall have hinged full-size door with key lock with common key for all locks.

	2. Wiring shall be numbered and color-coded to match wiring diagram. Provide a laminated wiring diagram located inside enclosure.
	3. Install wiring outside of an enclosure in a metal raceway. Make final connections to motors using flexible conduit. Provide watertight installation for applications exposed to moisture.
	4. Field power interface shall be to circuit breaker. Withstanding rating of disconnecting means shall protect equipment. Coordinate requirements with field electrical power source.
	5. Provide branch power circuit to each motor and to controls with a disconnect switch or circuit breaker.
	6. Provide each motor with NEMA-rated motor controller, hand-off-auto switch, and overcurrent protection. Provide variable-frequency controller with manual bypass and line reactors for each variable-speed motor indicated.
	7. Provide transformer with fuses and power wiring to power a 20-A 120-V duplex receptacle mounted in each boiler control panel for use in connecting analytical and testing equipment.


	2.6 FINISH
	A. General:
	1. Paint boiler, using manufacturer's standard procedures, except comply with requirements indicated.
	2. Miscellaneous surfaces shall be finished to match continuous surfaces.
	3. Manufacturer shall field touch up or entirely repaint surface finishes, which were damaged during shipment, to original condition, using original materials and methods.
	4. Paint shall be suitable for temperatures encountered on painted surfaces.
	5. Requirements indicate minimum quality level. Provide more robust paint system if required to comply with other requirements indicated.

	B. Preparation:
	1. Follow paint manufacturer's published preparation and application instructions.
	2. When paint manufacturer's recommended preparation requirements differ from those specified, use more stringent requirements.
	3. Structural steel with visible corrosion shall be sandblasted according to SSPC SP-6 or SSPC SP-10 before applying primer and paint.
	4. Before application of a primer and a top coat, remove oil and grease from surfaces to be coated using clean rags soaked in thinner according to SSPC SP-1.
	5. Treat galvanized-steel surfaces that cannot be procured with a phosphatized finish with a phosphate rinse to ensure proper paint adhesion.

	C. Primer:
	1. Rust-inhibiting type with a minimum dry film thickness of 2 mils (0.05 mm).
	2. Provide multiple passes if required to prevent runs.
	3. Select a primer that is compatible with substrate and finish coat.

	D. Finish Coat:
	1. Finish coat shall be alkyd enamel, epoxy, polyurethane.
	2. Use dry film thickness recommended by paint manufacturer, but not less than 2 mils (0.05 mm). Provide multiple passes if required to prevent runs.

	E. Paint the following surfaces with both a primer and finish coat:
	1. Base and miscellaneous supports that are not hot dip galvanized.
	2. Carbon steel that is not galvanized.
	3. Exterior surfaces of unit exposed to view.
	4. Piping and trim.

	F. Do not paint aluminum or stainless steel.

	2.7 CAPACITIES AND CHARACTERISTICS
	A. Heating Medium: Steam.
	B. Design Pressure Rating: 150 psig (1035 kPa).

	2.8 SOURCE QUALITY CONTROL
	A. Test and inspect factory-assembled boilers, before shipping, according to 2010 ASME Boiler and Pressure Vessel Code.
	B. Burner and Hydrostatic Test:
	1. Factory adjust burner to eliminate excess oxygen, carbon dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas and to achieve performance requirements indicated.
	2. Perform hydrostatic test of pressure vessel, piping, and trim of assembled boiler.

	C. Witness Testing:
	1. Allow Owner access to witness source quality-control testing of boilers.
	2. Notify Archict 15 days in advance of testing.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Before boiler installation, examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, and flue; piping; controls; and electrical connections to verify actual locations, sizes, and other conditions affecting boiler performan...
	1. Boiler locations indicated on Drawings are approximate. Determine exact locations before roughing-in for flue, piping, controls, and electrical connections.

	B. Examine areas where boilers will be installed for suitable conditions.
	C. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 BOILER INSTALLATION
	A. Coordinate size and location of bases. Cast anchor-bolt inserts into concrete bases. Concrete, reinforcement, and formwork requirements are specified with concrete.
	B. Equipment Mounting:
	1. Install boilers on cast-in-place concrete equipment base(s). Comply with requirements for equipment bases and foundations specified in Section 033053 "Miscellaneous Cast-in-Place Concrete."

	C. Install gas-fired boilers according to NFPA 54.
	D. Assemble and install boiler trim, components, and accessories that are not factory installed.
	E. Install control and electrical devices furnished with boiler that are not factory mounted.
	F. Install control and power wiring to field-mounted control and electrical devices furnished with boiler that are not factory installed.
	G. Perform boil-out and cleaning procedures according to manufacturer's written instructions after completion of hydrostatic testing and before performing other field tests. Boiler manufacturer's factory-authorized representative shall witness boil-ou...
	H. Protect boiler fireside and waterside from corrosion.
	1. Before boiler is filled with water, protect by dry storage method recommended by boiler manufacturer.
	2. After boiler is filled with water, and left not fired for more than 10 days, protect by wet storage method recommended by boiler manufacturer.
	3. Chemical Treatment: Quality of water in boilers shall be maintained by a professional water-treatment organization that shall provide on-site supervision to maintain the required water quality during periods of boiler storage as well as during oper...


	3.3 PIPING CONNECTIONS
	A. Piping installation requirements are specified in other Sections. Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Where installing piping adjacent to boiler(s), allow space for service and maintenance.
	C. Connect gas piping to boiler gas-train inlet with dirt leg, shutoff valve, and union or flange. Piping shall be at least full size of gas-train connection. Provide a reducer if required.
	D. Connect steam and condensate piping to supply-, return-, and blowdown-boiler connections with union or flange at each connection. Provide each connection with shutoff valve if shutoff valves are not factory furnished with boiler trim. Provide check...
	E. Provide each connection with shutoff valve and other accessories indicated and recommended by manufacturer.
	F. Install piping from safety relief valves to nearest floor drain.
	G. Install piping from safety valves and drip-pan elbows. Extend piping from safety valves and terminate to vent outdoors. Extend piping from drip-pan elbow drain to nearest floor drain.
	H. Install piping from equipment drain connection to nearest floor drain. Piping shall be at least full size of connection. Provide an isolation valve if required.
	I. Hot equipment drains connected to sanitary drainage system shall be cooled before discharging into the system if required to comply with more stringent of governing code requirements and requirements indicated.
	1. Provide a temperature-controlled nonpotable domestic cold water source to cool hot equipment drains to deliver a discharge temperature of 120 F.

	J. Connect chemical-treatment piping to each boiler chemical-treatment connection with check valve and isolation valve.

	3.4 FLUE CONNECTIONS
	A. Connect breeching to full size of boiler outlet. Comply with requirements in Section 235750 "Fabricated Breechings and Accessories" for venting materials.
	B. Install easily accessible test ports for field testing of flue gas from each boiler.

	3.5 ELECTRICAL POWER CONNECTIONS
	A. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."

	3.6 CONTROLS CONNECTIONS
	A. Install control and electrical power wiring to field-mounted control devices.
	B. Connect control wiring between boilers and other equipment to interlock operation as required, to provide a complete and functioning system.
	C. Connect control wiring between boiler control interface and DDC control system for remote monitoring and control of boilers.

	3.7 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Perform installation and startup checks according to manufacturer's written instructions.
	2. Hydrostatic Leak Test: Repair leaks and retest until no leaks exist.
	3. Operational Test: Start units to confirm proper motor rotation and unit operation. Adjust air-fuel ratio and combustion.
	4. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.
	a. Burner Test: Adjust burner to eliminate excess oxygen, carbon dioxide, oxides of nitrogen emissions, and carbon monoxide in flue gas and to achieve combustion efficiency.
	b. Check and adjust initial operating set points and high- and low-limit safety set points of fuel supply, water level, and water temperature, steam pressure.
	c. Set field-adjustable switches and circuit-breaker trip ranges as indicated.


	D. Boiler will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.
	F. Occupancy Adjustments: When requested within 12 months of date of Substantial Completion, provide on-site assistance in adjusting system to suit actual occupied conditions. Provide up to two visits to Project during other-than-normal occupancy hour...
	G. Performance Tests:
	1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect component assemblies and equipment installations, including connections, and to conduct performance testing.
	2. Boilers shall comply with performance requirements indicated, as determined by field-performance tests. Adjust, modify, or replace equipment in order to comply.
	3. Perform field-performance tests to determine the capacity and efficiency of boilers.
	a. For dual-fuel boilers, perform tests for each fuel.
	b. Test for full capacity.
	c. Test for boiler efficiency at 20, 40, 60, 80, and high fire 100 percent of full capacity. Determine and document efficiency at each test point.

	4. Test each safety valve. Record pressure at valve blowdown and reset. Test valve(s) with boiler operating at full capacity to ensure valve has capacity to prevent further rise in pressure.
	5. For boilers equipped with automatic oxygen trim control, conduct tests with automatic oxygen trim control on manual at zero trim and record performance. Repeat tests with automatic oxygen trim control under automatic control and record performance.
	6. Repeat tests until results comply with requirements indicated.
	7. Provide measurement and analysis equipment required to determine performance.
	8. Provide temporary equipment and system modifications necessary to dissipate the heat produced during tests if building systems are inadequate.
	9. Notify Architect 20 days in advance of test dates.
	10. Document test results in a report and submit with informational submittals.


	3.8 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain boilers. Video training sessions and provide electronic copy of video to Owner. Refer to Section 017900 "Demonstration and Tr...



	235313 - Boiler Feedwater & Receiver Pump Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section includes packaged, factory-assembled, boiler feedwater pump system.

	1.3 DEFINITIONS
	A. NPSHR: Net-positive suction head required.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each unit to include the following:
	1. Equipment performance and operating characteristics, such as rated makeup water, feedwater, steam condensate, and steam flow rates; working pressure; tank capacities; temperature and NPSHR; and pump performance curves with selection points clearly ...
	2. Furnished specialties and accessories.
	3. Construction details, material descriptions, dimensions and weight of individual components, and profiles and finishes.
	4. Force and moment capacity of each field piping connection.
	5. Dimensioned location of low, high, and normal water level showing operating set point and each alarm set point.
	6. Temperature and pressure rating, size, and materials of construction for trim components including piping, fittings, flanges, unions, and valves. Provide valve manufacturer Product Data for each valve furnished. For safety valves, include trip and ...
	7. Manufacturer Product Data showing size, scale range, and accuracy of thermometers and pressure gages.
	8. Detailed information of controls including Product Data with technical performance, operating characteristics, and sequence of operation.
	9. Product Data for each motor, including performance, operating characteristics, and materials of construction.

	B. Shop Drawings:
	1. Include plans, elevations, sections, and [mounting] [attachment] details.
	2. Include details of equipment assemblies. Indicate dimensions, weights, loads, required clearances, method of field assembly, components, and location and size of each field connection.
	3. Include diagrams for power, signal, and control wiring. Differentiate between factory and field installation.
	4. Include piping diagrams of factory-furnished piping that indicate size and each piping component.


	1.5 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings: Plan and elevation views, drawn to 3/8” = 1’-0” scale, indicating equipment manufacturer's service clearances, structure and base attachment, piping, power, and controls. Each view to show screened background with the following:
	1. Column grids, beams, columns, and concrete equipment bases.
	2. Room layout with walls, floors, and roofs, including each room name and number.
	3. Equipment and products located in vicinity of boiler feedwater pumps and part of final installation including products of other trades, such as lighting, fire suppression systems, and plumbing systems.

	B. Seismic Qualification Data: Certificates, for feedwater equipment, accessories, and components, from manufacturer.
	1. Basis of Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which certification is based and their installation requirements.

	C. Source quality-control reports.
	D. Field quality-control reports.

	1.6 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For feedwater equipment to include in emergency, operation, and maintenance manuals.
	B. Instructional Videos: Including those that are prerecorded and those that are recorded during training.

	1.7 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Gaskets: Furnish one replacement gasket(s) for each gasketed opening.
	2. Gage Glass: Furnish one replacement glass(es) for each gage glass.
	3. Pump Mechanical Seal Set: Furnish one replacement mechanical seal set(s) for each unique pump mechanical seal.


	1.8 DELIVERY, STORAGE, AND HANDLING
	A. Preparation for Shipping:
	1. Clean flanges and exposed-metal surfaces and treat with anticorrosion compound after assembly and testing.
	2. Protect flanges, pipe openings, and nozzles with flange covers or with screwed-in plugs.
	3. Ship boiler feedwater pumps from the factory free of water. Drain water and blow pumps dry with compressed air if required to remove all water before shipping.
	4. Cover and protect electrical and control devices and open connections.

	B. Protect bearings and couplings against damage from sand, grit, and other foreign matter.
	C. Comply with manufacturer's written rigging instructions.


	PART 2 -  PRODUCTS
	2.1 PERFORMANCE REQUIREMENTS
	A. Delegated Design: Engage a qualified professional engineer, as defined in Section 014000 "Quality Requirements," to design equipment bases, vibration isolation, and seismic restraints for boiler feedwater pumps.
	B. Seismic Performance: Boiler feedwater pumps shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	1. The term "withstand" means "the boiler feedwater pumps will remain in place without separation of any parts when subjected to the seismic forces specified and the boiler feedwater pumps will be fully operational after the seismic event."
	2. Component Importance Factor: 1.5.

	C. ASME Compliance:
	1. Fabricate and label unit receivers of boiler feedwater pumps according to ASME Boiler and Pressure Vessel Code: Section VIII, "Pressure Vessels," Division 1.
	2. Factory-installed piping that connects pumps to receivers shall comply with ASME B31.9, "Building Services Piping."
	3. Safety valves and pressure vessels shall bear the appropriate ASME label.

	D. Operation Following Loss of Normal Power:
	1. Equipment, associated factory- and field-installed controls, and associated electrical equipment and power supply connected to backup power system shall automatically return equipment and associated controls to the state in which equipment was oper...
	2. See Drawings for equipment served by backup power systems.
	3. Provide means and methods required to satisfy requirement even if not explicitly indicated.

	E. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.2 FEEDWATER UNITS
	A. Manufacturer: Subject to compliance with requirements, provide the product indicated on Drawings or a comparable product by one of the following:
	1. BFS INDUSTRIES
	2. CLEAVER BROOKS
	3. AESYS TECHNOLOGIES

	B. Description: Factory-assembled and -tested unit consisting of a receiver, feedwater pumps, controls, and the following features and accessories:
	1. Liquid-filled industrial thermometer graduated in Fahrenheit and Celsius.
	2. Level gage glass, reflex flat type, with stops at top and bottom.
	3. Lifting eyes.
	4. Companion flanges.
	5. Pump, suction and discharge isolation valve, inlet strainer, discharge check valve, and liquid-filled pressure gage.
	6. Makeup Water Assembly: Electric level controller and valve; with inlet strainer and three-valve bypass.
	7. Feedwater Heater: Sparge tube, thermostat, and control valve.
	8. Factory-Installed Pipe, NPS 2-1/2 (DN 65) and Smaller: ASTM A 53/A 53M, Type S (seamless), Grade B; or ASTM A 106/A 106M, Type S, Grade B, Schedule 80; with threaded joints and fittings.
	a. Cast-Iron Threaded Fittings: ASME B16.4; Class 125.
	b. Malleable-Iron Threaded Fittings: ASME B16.3, Class 150.
	c. Forged-Steel Fittings: ASME B16.11, Class 3000.
	d. Malleable-Iron Unions: ASME B16.39; Class 150.
	e. Forged-Steel Unions: MSS SP-83, Class 3000.

	9. Factory-Installed Pipe, NPS 3 (DN 80) and Larger: ASTM A 53/A 53M, Type E (electric-resistance welded), Grade B; or ASTM A 106/A 106M, Type S, Grade B, Schedule 80; with welded joints and carbon-steel fittings and flanges.
	a. Wrought-Steel Fittings: ASME B16.9, wall thickness to match adjoining pipe.
	b. Wrought Cast- and Forged-Steel Flanges and Flanged Fittings: ASME B16.5, Class 150, including bolts, nuts, and gaskets.

	10. Pump-discharge bypass with relief valve or orifice plate sized to provide continuous pump operation with boiler feedwater valve closed.
	11. Threaded connection and provision for chemical injection quill.
	12. Sample cooler.

	C. Receiver:
	1. Material: Close-grain cast iron or Welded carbon steel.
	2. Additional corrosion protection:
	a. 0.13-inch (3.3-mm thickness allowance.
	b. Electrolytic corrosion-inhibitor anode.

	3. Finish: Primer under epoxy topcoat.
	4. Factory-Applied Insulation and Jacket: Minimum thickness of 2 inches (50 mm) for mineral-fiber pipe and tank insulation. Cover insulation with painted steel jacket.
	5. Mounting Arrangement: Floor mounted.
	6. Mounting Frame: Structural-steel stand to support receiver and pumps. Fabricate stand with bracing adequate for seismic forces, according to authorities having jurisdiction, and to allow anchoring mounting frame to floor.
	7. Drain connection with valve.

	D. Horizontal Feedwater Pump: Duplex base-mounted, single-stage, radially split-case-design centrifugal pump; rated for 175-psig (1205-kPa) minimum working pressure and a continuous water temperature of at least 225 deg F (107 deg C; with the followin...
	1. Impeller: Stainless steel.
	2. Coupling: Close.
	3. Seals: Mechanical.
	4. Motor: Open drip proof enclosure. Comply with requirements in Section 230513 "Common Motor Requirements for HVAC Equipment."

	E. Control panel shall be unit mounted and factory wired and shall include the following:
	1. NEMA 250, Type 1 enclosure.
	2. Single-point field power interface to circuit breaker. Withstanding rating of disconnecting means shall protect equipment. Coordinate requirements with field electrical power source.
	a. Branch power circuit to each motor and to controls with a disconnect switch or circuit breaker.

	3. NEMA-rated motor controller for each motor, and include a hand-off-auto switch and overcurrent protection.
	a. Alternating controls for multiple-pump units with intermittent operation as indicated by control sequence.
	b. Provide variable-frequency controller with manual bypass and line reactors for each variable-speed motor.

	4. Terminal blocks with numbered and color-coded wiring to match wiring diagram.
	5. Wiring outside of an enclosure in a metal raceway. Make connections to motor with liquidtight conduit.
	6. Removable control mounting plate.
	7. Visual indication of status and alarm with momentary test push button.
	8. Audible alarm and silence switch.
	9. Visual indication of elapsed run time, graduated in hours.
	10. Fused control-circuit transformer.
	11. Microprocessor-based controller.

	F. Feedwater Multiple-Pump with Intermittent Operation Control Sequence:
	1. Boiler water-level controller starts and stops lead pump to maintain boiler water-level set point.
	2. Lead and lag pumps alternate after each start to equalize run time.
	3. Lead pump failure automatically starts lag pump if lead pump cannot maintain set point.
	4. Visual indication of pump on and off status.
	5. Visual indication of pump lead/lag status.
	6. Visual and audible alarm indication of pump failure.

	G. Feedwater Multiple-Pump with Continuous Operation Control Sequence:
	1. Pump runs continuously while boiler operates. Electric interlock with boiler control starts lead pump when boiler starts.
	2. Boiler water-level controller modulates feedwater control valve to maintain boiler water-level set point. Valve closes when boiler is off.
	3. Lead and lag pumps alternate after each start to equalize run time.
	4. Lead pump failure automatically starts lag pump.
	5. Feedwater pressure controller starts and stops lag pump to maintain feedwater pressure set point.
	6. Feedwater pressure controller controls operating feedwater pump(s) speed and starts and stops lag pump(s) to maintain feedwater pressure set point.
	7. Visual indication of pump on and off status.
	8. Visual indication of pump lead/lag status.
	9. Visual and audible alarm indication of pump failure.

	H. Receiver Makeup Water Control Sequence:
	1. Electric level controller operates electric control valve to maintain receiver water-level set point.
	2. Mechanical float operates integral valve to maintain water-level set point.
	3. Visual and audible alarm indication of low and high receiver-water level.

	I. Control System Interface: Factory install hardware to enable remote monitoring.
	1. Hardwired Monitoring Points: On/off status for each pump, failure alarm for each pump, receiver low-water-level alarm, receiver high-water-level alarm, feedwater temperature.


	2.3 SOURCE QUALITY CONTROL
	A. Factory Tests: Test performance and submit test results on packaged boiler feedwater pump units, according to ASME PTC 12.1, before shipping to Project.
	B. Witness Testing:
	1. Allow Owner access to witness source quality-control testing.
	2. Notify Architect 15 days in advance of testing.



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine conditions for compliance with requirements for installation tolerances and other conditions affecting feedwater unit performance, maintenance, and operations.
	1. Boiler feedwater pump unit locations indicated on Drawings are approximate. Determine exact locations before roughing-in for piping, control, and electrical connections.

	B. Examine roughing-in for concrete equipment bases, anchor-bolt sizes and locations, and piping to verify actual locations of piping connections before installation of boiler feedwater pumps.
	C. Examine areas for suitable conditions where boiler feedwater pumps will be installed.
	D. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Coordinate size and location of bases. Cast anchor-bolt inserts into concrete bases. Concrete, reinforcement, and formwork requirements are specified with concrete.
	B. Equipment Mounting:
	1. Install feedwater units on cast-in-place concrete equipment base(s). Comply with requirements for equipment bases and foundations specified in Section 033053 "Miscellaneous Cast-in-Place Concrete."

	C. Install unit to permit access for maintenance.
	D. Support piping independent of equipment.
	E. Install parts and accessories shipped loose.
	F. Install control and electrical devices furnished with units that are not factory mounted.
	G. Install control and power wiring to field-mounted control and electrical devices furnished with units that are not factory installed.
	H. Protect units from corrosion.
	1. Before filling with water, protect by dry storage method recommended by manufacturer.
	2. After filled with water, protect by wet storage method recommended by manufacturer.

	I. Chemical Treatment: Quality of water in units shall be maintained by a professional water treatment organization that shall provide on-site supervision to maintain the required water quality during periods of storage, operating, standby, and test c...

	3.3 PIPING CONNECTIONS
	A. Comply with requirements for piping specified in Section 232213 "Steam and Condensate Heating Piping and specialties". Drawings indicate general arrangement of piping, fittings, and specialties.
	B. Where installing piping adjacent to boiler feedwater pumps, allow space for service and maintenance.
	C. Connect makeup water piping and cooling-water piping with reduced-pressure backflow preventers.
	D. Install overflow drain piping to nearest floor drain.
	E. Install piping from unit drain connections and extend to nearest floor drain. Piping shall be at least full size of connection. Provide an isolation if required.
	F. Install vents and extend to outdoors; terminate with elbow turned down and an insect screen.
	G. Hot equipment drains connected to sanitary drainage system shall be cooled before discharging into the system if required to comply with more stringent of governing code requirements and requirements indicated.
	1. Provide a temperature-controlled, non-potable, domestic cold water source to cool hot equipment drains to deliver a discharge temperature of 120 deg F.

	H. Connect chemical treatment piping to each boiler feedwater pump unit chemical treatment connection with check valve and isolation valve.

	3.4 ELECTRICAL POWER CONNECTIONS
	A. Connect wiring according to Section 260519 "Low-Voltage Electrical Power Conductors and Cables."
	B. Ground equipment according to Section 260526 "Grounding and Bonding for Electrical Systems."

	3.5 CONTROLS CONNECTIONS
	A. Install control and electrical power wiring to field-mounted control devices.
	B. Connect control wiring between boiler feedwater pump units and other equipment to interlock operation as required to provide a complete and functioning system.
	C. Connect control wiring between boiler feedwater pump unit control interface and control system to provide remote monitoring.

	3.6 FIELD QUALITY CONTROL
	A. Testing Agency: Engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Inspect field-assembled components, equipment installation, and piping and electrical connections for compliance with manufacturer's written instructions.
	2. Test and adjust controls and safeties. Replace damaged and malfunctioning controls and equipment.
	3. Check bearing lubrication.
	4. Verify proper motor rotation.
	5. Startup service.
	6. Report results in writing.

	D. Boiler feedwater pump will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.

	3.7 ADJUSTING
	A. Adjust boiler water-level controls to properly stage unit.
	B. Set field-adjustable controls.

	3.8 CLEANING
	A. Clean equipment internally; remove coatings applied for protection during shipping and storage, foreign material, and oily residue according to manufacturer's written instructions. Following cleaning procedures, unit shall be washed and flushed unt...
	B. Clean strainers.

	3.9 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain boiler feedwater units.
	B. Video training sessions, and provide electronic copy of video to Owner.



	235750 - breechings, chimneys, and stacks
	PART 1 -  GENERAL
	1.1 GENERAL
	A. The General Provision of the Contract, including General and Supplementary General
	B. Conditions and Division 1 General Requirements, apply to the work specified in this Section.

	1.2 SUMMARY
	A. This Section includes the following:
	1. Listed chimney liners.
	2. Listed special gas vents.
	3. Listed B-vents.
	4. Listed double-wall vents.
	5. Field-fabricated metal breechings.
	6. Insulation for field-fabricated metal breechings.


	1.3 SUBMITTALS
	A. Product Data:  For the following:
	1. Building-heating-appliance chimneys.

	B. Shop Drawings:  For vents, breechings, chimneys, and stacks.  Include plans, elevations, sections, details, and attachments to other work.
	1. Detail equipment assemblies and indicate dimensions, weights, loads, required clearances, methods of field assembly, components, hangers and seismic restraints, and location and size of each field connection.
	2. Contractor shall be required to submit breeching layout drawings for the Engineer's approval.
	3. Computer software calculations for sizing vents, breeching, chimneys, and stacks shall be required as part of the shop drawing submittal.
	4. Metal content for both interior and exterior liners and insulation must be clearly identified.
	5. Breeching shall meet the required Type and Category of breeching as required by the boiler (or applicable equipment) manufacturer.
	6. Contractor shall utilize two 45  elbows to sweep all turns.  To eliminate dead ends and to achieve proper airflow, 90  elbows or tees shall not be acceptable.
	7. Breeching components shall include but not be limited to adapter flanges, tees, elbows, clean-outs, drain caps, band joiners, high temperature sealant, roof flashing, and rain cap (or finishing cone) as required to make a full breeching system.
	8. Where prefabricated breeching is specified, unbranded or field fabricated breeching shall not be acceptable.

	C. Warranty:  Special warranty specified in this Section.

	1.4 QUALITY ASSURANCE
	A. Source Limitations:  Obtain listed system components through one source from a single manufacturer.
	B. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code--Steel," for hangers and supports and AWS D9.1/D9.1M, "Sheet Metal Welding Code," for shop and field welding of joints and seams in vents, breechings, ...
	C. Certified Sizing Calculations:  Manufacturer shall certify venting system sizing calculations.
	D. International Fuel Gas Code - Installation: Vent systems shall be sized, installed and terminated in accordance with the vent (chimney/flue) and appliance (boiler or domestic hot water heater) manufacturer's installation instructions and Section 50...
	E. International Mechanical Code (Oil) - Installation: Vent systems shall be sized, installed and terminated in accordance with the vent (chimney/flue) and appliance (boiler or domestic hot water heater) manufacturer's installation instructions.

	1.5 COORDINATION
	A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in Division 03.
	B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in Division 07 Section “Roof Accessories.”

	1.6 WARRANTY
	A. Special Warranty:  Manufacturer's standard form in which manufacturer agrees to repair or replace components of venting system that fail in materials or workmanship within specified warranty period.  Failures include, but are not limited to, struct...
	1. Warranty Period:  ten years from date of Substantial Completion.


	1.7 RELATED WORK
	A. Section 235217 – Condensing Hot Water Boilers
	B. Section 235223 – Cast Iron Steam Boilers

	1.8 REFERENCES
	A. The following references apply to the extent noted herein:

	1.9 INSTALLATION
	A. The entire installation shall comply with National Safety Standards and all building codes when installed.


	PART 2 -  PRODUCTS
	2.1 ACCEPTABLE MANUFACTURER
	A.  The system shall be as supplied by Security Chimneys International Ltd. or approved equal by Heat-Fab, Metal Fab, Selkirk, Cleaver Brooks Exhaust Solution, as follows:
	1. Insulated Double Wall Positive Pressure Chimney System (CIX)
	2. (CTX, CTXD)
	3. On-site Fabrication, Chimney Liners (CT)

	2.2 DOUBLE WALL INSULATED POSITIVE PRESSURE CHIMNEY ((CIX)
	A. The insulated breeching system components, supports and terminations shall be the product of one manufacturer, shall be fully factory fabricated and shall be laboratory tested and listed by Intertek Testing Services (Warnock Hersey) for use with bu...
	B. The breeching system shall be ITS (Warnock Hersey) tested and listed as a breeching and chimney system suitable for 60” w.c. positive pressure, based upon compliance with the construction requirements and “Positive Pressure Applications Test” proto...
	C. Built Breeching, ANSI/UL 103.  Compliance with such standards/specifications shall be confirmed by a statement on the safety certification label attached to the product, indicating “Suitable” for positive pressure venting applications with maximum ...
	D. The complete breeching system shall be fabricated as follows:
	1. Inner wall – 0.035” type 304 or 316 SS for all diameters
	2. Outer wall –
	3. Insulation – 2” 8 PFC mineral wool between inner and outer wall
	4. From outer diameter 1” minimum air gap to combustibles for sizes  5” to 36”
	E. The complete breeching system, from appliance outlet to chimney, shall be designed to eliminate on-site welding through the use of a flanged male and female coupling configuration and by incorporating a type “v” locking band.  The fastening of all ...
	F. The inner pipe and outer jacket shall be joined at the factory and shipped as a factory assembled unit to ensure ease of installation and product uniformity.  A system where the outer jacket is attached during field installation is not acceptable.
	G. Thermal expansion shall be compensated for through the use of manufacturer supplied insulated expansion joints.
	H. The breeching shall be guaranteed by the manufacturer to be free from defects due to faulty material or workmanship for a period of 15 years minimum.  Terms and conditions for the guarantee shall be as stated in the manufacturer’s standard guarante...
	I. Detailed manufacturer’s submittal drawings shall be provided for approval prior to manufacture or installation of the breeching system.
	J. The manufacturer’s representative organization shall provide on-site instructions and technical support services, as required, prior to and during installation of the breeching system.  A sign-off is required.  Upon completion of the installation, ...
	K. The complete breeching system, from appliance outlet to chimney, shall be designed to eliminate on-site welding through the use of a built-in mechanical locking band and a gasket.  The system, when sealed, shall maintain airtight integrity at press...

	2.3 ON-SITE FABRICATION – BY OTHERS
	A. Fabricate of ASTM A569 carbon steel.  Fabricate breechings less than 24” diameter of ASTM A527 galvanized sheet steel, lock forming quality with ANSI/ASTM A525 (G90)  (G165) zinc coating.
	B. Fabricate breechings from following minimum gauges.  Refer to SMACNA HVAC Duct Construction Standards – Metal and Flexible.
	C. Provide adjustable self-actuating barometric draft dampers, where indicated, full size of breeching.
	D. Provide cleanout doors of same gauge as breeching, where indicated on drawings.
	E. Weld longitudinal seams.  Fabricate joints by welding, tapping and bolting or with companion flanges.  For breechings less than 24” diameter provide groove seam (pipe lock or flat lock) with end joints beaded and crimped.
	F. Reinforce rectangular breeching with angle frames and round breeching with flanged girth joints or angle frames.  Refer to SMACNA HVAC Duct Construction Standards –Metal and Flexible.
	G. Fabricate breeching fittings to match adjoining breechings.  Fabricate elbows with center-line radius equal to breeching (width) (diameter).  Limit angular tapers 20  maximum.

	2.4 CHIMNEY LINER (for oil and gas) (CT)
	A. The chimney liner breeching system components, supports and terminations shall be the  product of one manufacturer, shall be fully factory fabricated, shall be laboratory tested  and listed by Underwriters Laboratories, Inc. for use with building h...
	B. The chimney liner breeching system shall be Underwriters Laboratories, Inc. tested and listed based upon compliance with the UL-1777 standard.
	C. The complete breeching system shall be fabricated with 0.024” type 316 SS for 4.5” to 10” diameter, 0.032” for 12” to 18” and 0.040” for 20” to 24” diameter.
	D. The complete breeching system, from appliance outlet to chimney, shall be designed to eliminate on—site welding through the use of a 3” overlap and locking band.  The pipe joints shall be field sealed using SCIL ceramic-fibre, S-650 or S-2000 sealant.
	E. The breeching shall be guaranteed by the manufacturer to be free from defects due to faulty material or workmanship for a period of ten (10) years minimum.  Terms and conditions for the guarantee shall be as stated in the manufacturer’s standard gu...
	F. Detailed manufacturer’s submittal drawings shall be provided for approval prior to manufacture or installation of the breeching system.
	G. The manufacturer’s representative organization shall provide on-site instructions and technical support services, as required, prior to and during installation of the breeching system.  A sign-off sheet is required.  Upon completion of the installa...

	2.5 FORCED DRAFT
	A. For forced draft requirements, see boiler room drawing.

	2.6 OUTER JACKET INSULATION
	A.  Outer jacket insulation, if shown on the drawing, shall be in accordance with Section 232800 Paragraph 2.01, Part M, see attached section.


	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine areas and conditions for compliance with requirements for installation tolerances and other conditions affecting performance of work.
	1. Proceed with installation only after unsatisfactory conditions have been corrected.


	3.2 APPLICATION
	A. Listed Chimney Liners:  High-efficiency and/or condensing boiler vents in masonry chimney.
	B. Listed Special Gas, Double-Wall Vents: Condensing gas boilers and appliances.
	C. Listed Type B Vents: Vents for certified gas appliances.
	D. Listed Insulated Positive Pressure, Double-Wall Vents: Non-condensing gas-fired appliances/boilers or boilers with dual-fuel burners (gas and #2 fuel oil).
	E. Field-Fabricated Metal Breechings: Dual-fuel boilers, exhaust for engines (emergency generators).

	3.3 INSTALLATION OF LISTED VENTS AND CHIMNEYS
	A. Locate to comply with minimum clearances from combustibles and minimum termination heights according to product listing or NFPA 211, whichever is most stringent.
	B. Seal between sections of positive-pressure vents according to manufacturer's written installation instructions, using sealants recommended by manufacturer.
	C. Support vents at intervals recommended by manufacturer to support weight of vents and all accessories, without exceeding appliance loading.
	D. Slope breechings down in direction of appliance, with condensate drain connection where shown on drawings.
	E. Lap joints in direction of flow.
	F. Connect base section to foundation using anchor lugs of size and number recommended by manufacturer.
	G. Join sections with acid-resistant joint cement to provide continuous joint and smooth interior finish.
	H. Erect stacks plumb to finished tolerance of no more than 1 inch out of plumb from top to bottom.

	3.4 INSTALLATION OF UNLISTED, FIELD-FABRICATED BREECHINGS
	A. Suspend breechings independent of their appliance connections.
	B. Align breechings at connections, with smooth internal surface and a maximum 1/8-inch misalignment tolerance.
	C. Slope breechings down in direction of appliance, with condensate drain connection at lowest point piped to nearest drain.
	D. Lap joints in direction of flow.
	E. Support breechings from building structure with bolts, concrete inserts, steel expansion anchors, welded studs, C clamps, or beam clamps according to manufacturer's written instructions.

	3.5 CLEANING
	A. After completing system installation, including outlet fittings and devices, inspect exposed finish.  Remove burrs, dirt, and construction debris and repair damaged finishes.
	B. Clean breechings internally, during and after installation, to remove dust and debris.  Clean external surfaces to remove welding slag and mill film.  Grind welds smooth and apply touchup finish to match factory or shop finish.
	C. Provide temporary closures at ends of breechings, chimneys, and stacks that are not completed or connected to equipment.

	3.6 INSTALLATION - GENERAL
	A. The manufacturer’s representation organization shall provide on-site instructions and technical support services, as required, prior to and during installation of the breeching system.  Upon completion of the installation, the manufacturer’s repres...
	B. The breeching system shall comply with National Safety Standards and all building codes when installed according to the manufacturer’s instructions.



	283501 - natural gas & CO gas detection and alarm
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes CO (carbon monoxide) and Methane (natural gas) monitors and  notification appliances.

	1.3 ACTION SUBMITTALS
	A. Product Data:
	1. For each type of monitor, include sensing range in ppm, temperature and humidity range, alarm outputs, display range, furnished specialties, installation requirements, and electric power requirement.

	B. Shop Drawings:
	1. Wiring Diagrams:  Power, signal, and control wiring.
	2. Locations of the specific sensors and alarm panel location


	1.4 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials described below that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. One calibration kit including clean air calibration gas bottle for zero calibration and specific calibration gas for span calibration, minimum 58-L capacity, pressure regulator, and tubing.



	PART 2 -  PRODUCTS
	2.1 Manufacturers: Subject to compliance with requirements, provide products by the following:
	A. Mine Safety Appliances Company or equal.

	2.2 Z GARD CONTROLLER
	A. Provide a standalone CO/LELcontroller as shown on the plans.   The controller shall be housed in a NEMA 1 Painted steel enclosure.    Operating range shall be from –20 degrees F to 122 degrees F.   Units that are not capable of these temperature li...
	B. Controller shall accept 110 Vac, direct to the controller, internal step down transformers shall be provided to power up to the   field mounted CO and LEL sensors.  System shall be UL and or CSA listed to accommodate controller and step down transf...
	C. The Controller shall be connected via a 4 wire field bus to remotely mounted Z Gard sensors that are automatically recognized and establishes the sensors range and gas type.   The sensors shall be linked by a RS485 network communication system.  Th...
	D. The controller shall manage the Z Gard S sensor inputs on the RS485 Serial communications network.  The controller shall provide minimum of 8 relays that can be used to start fans and open OA Louvers. Upon sensing the concentration of target gas at...
	E. The controller shall have a programmable Off time delay function that is adjustable from 0 – 600 seconds.  The warning and alarm relay shall deactivate from 0-600 seconds after the warning or alarm occurrence has abated.
	F. The controller shall have the capability of providing a full scale, 2 wire 4 to 20 ma sourcing analog output that is representative of the highest concentration level of any zone of sensors on the network.  This output shall be able to communicate ...
	G. The Controller shall have a local Readout display indicating the active Sensor Point number, the corresponding gas concentration level and gas type, Warning and Alarm indication, Zone number, number of Sensors, Voting and Diagnostic status of the s...
	H. The Controller shall have a LCD Readout for the purpose of displaying the Diagnostic Status of the system and associated Sensors.  The User Interface Keypad of 16 items to access the menu driven operating parameters located inside the front door of...
	I. The controller shall include 4 Common LEDs to indicate Sensor Okay, Warning, Alarm and Sensor Fail status.
	J. This Controller shall include a local mounted Audible Alarm rated @ 90 dB with push-button reset switch. The pushbutton reset switch shall silence and reset the Audible Alarm when alarm points are exceeded. The Common LED visual alarms will remain ...
	K. Warning and Alarm Set Point Levels - The controller shall provide 4 relays for control of the wall mounted exhaust fans and outdoor intake louvers.  Provide manual 3 hour override timers for each relay.  Timers shall be labelled to the system served.
	L. The controller shall provide a normally energized Sensor Fail Relay. If a loss of communication occurs between the Controller and remote Sensor Transmitter the Sensor Fail Relay will be activated and the Sensor Okay LED located on the Controller do...
	M. All Warning, Alarm and Sensor Fail Relays shall be shall be Form C, single pole, double throw. Contacts shall be rated for 10 Amps 1/8 HP @ 125VAC, 5 amps resistive at 250VAC or 30VDC.
	N. The contacts shall be capable of being selected normally open or normally closed.
	O. The control panel must be a MSA Z Gard CX controller or engineer approved equal by General Monitors or Mil Ram.
	P. Optional remote relay panel shall be available for remote fans operation
	Q. BACnet interface shall be included for communications to the BMS system

	2.3 Z-GARD CO AND LEL SENSORS
	A. Provide as shown on the plans Carbon monoxide and LEL sensors.  Sensors have been located for radius coverage and points of egress.  Locations as shown on the plans shall not be modified by the manufacturer.
	B. Sensors housing shall be NEMA 4 enclosure with plastic cover.  Sensors shall utilize electro chemical technology.  Accuracy of the sensors shall not be less than ±2% of Full Scale with no requirement of periodic addition of reagents.  Solid State S...
	C. When used with the Z Gard C Controller: The RS 485 Network communication wiring from the Sensor to the Z Gard C Controller shall be a shielded 4-wire cable of sufficient gage to meet distance requirements of the Z Gard RS 485 Network Communication....
	D. The Sensor electronics shall consist of dual PCB that is microprocessor-based computer-aided and factory-calibrated for the target gas compounds with compensation for ambient humidity and temperature and linearized signal output. The PCB includes a...
	E. CO sensors shall be located at 5’ AFF
	F. LEL sensors shall be located 12“ below the roof Line

	2.4  MONITOR ALARM SEQUENCE
	A. The MSA Control panel will constantly Poll the CO and LEL sensors located in the Boiler Room    Upon increase in CO levels above 25 PPM or LEL levels above 10% LEL the alarm shall sound.
	B. If the CO increase above 35 PPM or the LEL increase above 35% LEL the 2nd alarm contact shall close and the boilers shall be checked to ensure they are working properly.

	2.5 NOTIFICATION APPLIANCES
	A. Horns:  Comply with UL 464; electric-vibrating-polarized type, listed by a qualified testing agency with provision for housing the operating mechanism behind a grille.  Horns shall produce a sound-pressure level of 90 dBA, measured 10 feet (3 m) fr...
	B. Visible Alarm Devices:  Comply with UL 1971; three color xenon strobe lights, with clear or nominal white polycarbonate lens mounted on an aluminum faceplate.  The words "GAS DETECTION" printed in minimum 1/2-inch- high letters on the lens.  Rated ...


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Audible Alarm-Indicating Devices:  Install at each entry door to, mechanical equipment room, and position not less than 6 inches (150 mm) below the ceiling.  Install horns on flush-mounted back boxes with the device-operating mechanism concealed be...
	B. Visible Alarm-Indicating Devices:  Install adjacent to each alarm horn at each entry door to mechanical equipment room. Install in accordance with manufacturers recommendations.

	3.2 FIELD QUALITY CONTROL
	A. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.  Report results in writing.
	B. Perform tests and inspections and prepare test reports.
	1. Manufacturer's Field Service:  Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	C. Tests and Inspections:
	1. Inspect field-assembled components, equipment installation, and electrical connections for compliance with requirements.
	2. Test and adjust controls and safeties.
	3. Test Reports:  Prepare a written report to record the following:
	a. Test procedures used.
	b. Test results that comply with requirements.
	c. Test results that do not comply with requirements and corrective action taken to achieve compliance with requirements.


	D. Repair or replace malfunctioning units and retest as specified above.

	3.3 DEMONSTRATION
	A. Engage a factory-authorized service representative to train Owner's maintenance personnel to adjust, operate, and maintain detection devices.



	260010 SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL
	SECTION 26 00 10 - SUPPLEMENTAL REQUIREMENTS FOR ELECTRICAL
	PART 1 - GENERAL
	1.1 SUMMARY
	A. Section Includes:

	1.2 REFERENCES
	A. Abbreviations and Acronyms for Electrical Terms and Units of Measure:
	B. Abbreviations and Acronyms for Electrical Raceway Types:
	C. Abbreviations and Acronyms for Electrical Single-Conductor and Multiple-Conductor Cable Types:
	D. Abbreviations and Acronyms for Electrical Flexible Cord Types:
	E. Definitions:

	1.3 COORDINATION
	A. Interruption of Existing Electrical Service: Do not interrupt electrical service to facilities occupied by Owner or others unless permitted under the following conditions:

	1.4 PREINSTALLATION MEETINGS
	A. Electrical Preconstruction Conference: Schedule conference with Architect and Owner, not later than 10  days after notice to proceed. Agenda topics include, but are not limited to, the following:

	1.5 SEQUENCING
	A. Conduct and submit results of power system studies before submitting Product Data and Shop Drawings for electrical equipment.

	1.6 SCHEDULING
	To be coordinated with owner.

	1.7 ACTION SUBMITTALS
	A. Coordination Drawings for Structural Supports: Show coordination of structural supports for equipment and devices, including restraints and bracing for control of seismic and wind loads, with other systems, equipment, and structural supports in the...
	B. Coordination Drawings for Ceiling Areas: Where indicated on drawings, provide reflected ceiling plan(s), supplemented by sections and other details, drawn to scale, in accordance with Section 013100 "Project Management and Coordination," on which t...
	C. Coordination Drawings for Cable Tray Routing: Reflected ceiling plan(s), supplemented by sections and other details, drawn to scale, in accordance with Section 013100 "Project Management and Coordination," on which the following items are shown and...
	D. Coordination Drawings for Conduit Routing: Conduit routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	E. Coordination Drawings for Bus Assembly Routing: Floor plans and sections, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	F. Coordination Drawings for Large Equipment Indoor Installations:
	G. Coordination Drawings for Large Equipment Outdoor Installations:
	H. Coordination Drawings for Duct Banks:

	1.8 INFORMATIONAL SUBMITTALS
	A. Electrical Installation Schedule: At preconstruction meeting, and periodically thereafter as dates change, provide schedule for electrical installation Work to Owner and Architect including, but not limited to, milestone dates for the following act...
	B. Delegated Design Drawings for Structural Masonry Wall Penetrations: Where indicated on Drawings, provide reflected ceiling plan(s), supplemented by elevations, sections, and other details, drawn to scale, signed and sealed by a qualified structural...
	C. Welding certificates.
	D. Seismic-Load Performance Certificates: Provide special certification for designated seismic systems as indicated in Paragraph 13.2.2 "Special Certification Requirements for Designated Seismic Systems" of- as per Architectural specifications  for al...
	E. Wind-Load Performance Certificates: not used.
	F. Qualification Statements:

	1.9 CLOSEOUT SUBMITTALS
	A. Facility EPM Program Binders:
	B. Operation and Maintenance Data:
	C. Software and Firmware Operational Documentation: Provide software and firmware operational documentation in Facility EPM Program Binders, including the following:
	D. Software:

	1.10 QUALIFICATIONS
	A. Qualified Regional Manufacturer: Manufacturer, possessing qualifications specified in Section 014000 "Quality Requirements," that maintains a service center capable of providing training, parts, and emergency on-site repairs to Project site with re...
	B. Structural Professional Engineer: Professional engineer possessing active qualifications specified in Section 014000 "Quality Requirements," with expertise in structural engineering[, including seismic- and wind-load modeling and analysis.
	C. Electrical Professional Engineer: Professional engineer possessing active qualifications specified in Section 014000 "Quality Requirements," with expertise in electrical engineering, including electrical power system modeling and analysis of electr...
	D. Lighting Professional Engineer: Professional engineer possessing active qualifications in accordance with Section 014000 "Quality Requirements" and the following:
	E. EPM Specialist: Recognized experts possessing the following qualifications in accordance with Section 014000 "Quality Requirements" and NFPA 70B:
	F. Welder: Installer possessing active qualifications specified in Section 014000 "Quality Requirements," with training and certification in accordance with AWS D1.1/D1.1Mand AWS D1.2/D1.2M.
	G. ERMC-S-PVC Installers: Installer possessing active qualifications specified in Section 014000 "Quality Requirements," and able to present unexpired certified Installer credentials issued by ERMC-S-PVC manufacturer prior to starting installation.
	H. Generator Set Installers: Installer possessing active qualifications specified in Section 014000 "Quality Requirements," and able to present unexpired certified Installer credentials issued by generator set manufacturer prior to starting installation.
	I. Power Quality Specialist: Recognized experts possessing active credentials from a qualified electrical testing laboratory recognized by authorities having jurisdiction, and able to present unexpired NICET Level 4 credentials with documented experie...
	J. Low-Voltage Electrical Testing and Inspecting Agency: Entities possessing active credentials from a qualified electrical testing laboratory recognized by authorities having jurisdiction.
	K. Power-Limited Electrical Testing Agency: Entity possessing active credentials from a qualified electrical testing laboratory recognized by authorities having jurisdiction.
	L. Outdoor Pole Testing and Inspecting Agency: Entity possessing active qualifications specified in Section 014000 "Quality Requirements" with documented training and experience in accordance with ASTM C1093 for foundation testing and inspections.
	M. Luminaire Photometric Testing Laboratory: Entity possessing active qualifications specified in Section 014000 "Quality Requirements" accredited under the NVLAP for Energy Efficient Lighting Products, and complying with applicable IES testing standa...
	N. Lighting Testing and Inspecting Agency: Entity possessing active qualifications specified in Section 014000 "Quality Requirements" with documented training and experience with testing and inspecting lighting installations in accordance with IES LM-5.

	1.11 MOCKUPS
	A. Simple Mockups for Coordinating Accessibility of Electrical Devices around Fixed Furnishings and Equipment:
	B. Approval of mockups does not constitute approval of deviations from the Contract Documents contained in mockups unless Owner specifically approves such deviations by Change Order.

	1.12 FIELD CONDITIONS
	A. Modeling, analysis, product selection, installation, and quality control for Work specified in Division 26 must comply with requirements specified in Section 260011 "Facility Performance Requirements for Electrical."
	B. Service Conditions for Electrical Power Equipment: Besides conditions specified in Section 260011 "Facility Performance Requirements for Electrical," specified electrical power equipment must be suitable for operation under service conditions speci...



	260519 Low-Voltage Electrical Power Conductors and Cables
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. This Section includes the following:
	1. Building wires and cables rated 600 V and less.
	2. Connectors, splices, and terminations rated 600 V and less.
	3. Sleeves and sleeve seals for cables.


	1.2 DEFINITIONS
	A. EPDM:  Ethylene-propylene-diene terpolymer rubber.
	B. NBR:  Acrylonitrile-butadiene rubber.

	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Field quality-control test reports.

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

	1.5 COORDINATION
	A. Set sleeves in cast-in-place concrete, masonry walls, and other structural components as they are constructed.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS AND CABLES
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. American Insulated Wire Corp.; a Leviton Company.
	2. General Cable Corporation.
	3. Southwire Company.
	4. Pirelli.
	5. Superior Essex.
	6. The Okonite Company
	7. Approved equal.

	C.  Copper Conductors:  Class B, Concentric-lay, stranded conductors. Comply with NEMA WC 70.
	D. Conductor Insulation:  Comply with NEMA WC 70 for Types  THHN-THWN and USE.
	E. Multiconductor Cable:  Comply with NEMA WC 70 for metal-clad cable, Type MC [mineral-insulated, metal-sheathed cable, Type MI Type SO and Type USE all with insulated ground wire.
	F. Metal Clad Cable Type MC: Aluminum or galvanized steel armor, color coded 90-deg. C THHN-THWN insulated copper conductors with full size green insulated grounding conductor.
	G. Metal Clad Cable Type MC/IG: Aluminum or galvanized steel armor, color coded 90-deg. C THHN-THWN insulated copper conductors with full size green insulated grounding conductor and full size green insulated isolated grounding conductor with yellow s...

	2.2 FIRE PUMP FEEDER CABLES- not used
	A. Routed through the building or structure.
	1. Manufacturer:
	a. Pyrotenax USA Inc., Electrical Cable Systems Group.
	b. Raychem Corp.
	c. Approved equal.

	2. Description:
	a. Mineral Insulated Cable Type MI: Pyrotenax System 1850 Type MI, 2-Hour Fire Resistive Cable consisting of one or more copper conductors factory assembled in a highly compacted magnesium oxide insulation and enclosed in a seamless, liquid and gas ti...
	b. Polymer Insulated Type RHW Cable in Conduit: Raychem RHW, 2-Hour Fire Rated "Electrical Circuit Protective System" consisting of copper conductors with silicon rubber insulation, cross-linked polyolefin jacket, installed in steel conduit with threa...
	c. Polymer Insulated Type MC Cable: Raychem MC, 2-Hour Fire Rated "Electrical Circuit Protective System" consisting of copper conductors with silicon rubber insulation, silicone rubber inner jacket, and a continuously welded corrugated copper armor.


	B. Routed outside the building or structure.
	1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway.


	2.3 FIRE PUMP CONTROL WIRING
	A. Between fire pump controller and remote annunciator.
	1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway.

	B. Routed through the building or structure between fire pump controller/power transfer switch and emergency or standby generator.
	1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway encased in 2-inches of concrete.
	2. Type RHH, 2-Hour Fire Rated Electrical Circuit Protective System Cables in conduit.

	C. Routed outside the building or structure between fire pump controller/power transfer switch and emergency or standby generator.
	1. Type THHN-THWN, 90 Degree C., single copper conductors in raceway.


	2.4 CONNECTORS AND SPLICES
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. AFC Cable Systems, Inc.
	2. Hubbell Power Systems, Inc.
	3. O-Z/Gedney; EGS Electrical Group LLC.
	4. 3M; Electrical Products Division.
	5. Tyco Electronics Corp.
	6. Approved equal

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

	2.5 SLEEVES FOR CABLES
	A. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, galvanized steel, plain ends.
	B. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop, unless otherwise indicated.
	C. Sleeves for Rectangular Openings:  Galvanized sheet steel with minimum 0.052- or 0.138-inch (1.3- or 3.5-mm) thickness as indicated and of length to suit application.
	D. Coordinate sleeve selection and application with selection and application of firestopping specified in Thermal and Moisture Protection Section "Penetration Firestopping" and Electrical Specification Section "Basic Materials" "Penetration Firestopp...


	PART 3 -  EXECUTION
	3.1 CONDUCTOR MATERIAL APPLICATIONS
	A. Feeders:   Copper Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.
	B. Branch Circuits:  Copper.  Solid for No. 10 AWG and smaller; stranded for No. 8 AWG and larger.

	3.2 CONDUCTOR INSULATION AND MULTICONDUCTOR CABLE APPLICATIONS AND WIRING METHODS
	A. Minimum size: General, #12 AWG; over 100 feet at 120 volts and 200 feet at 277 volts, #10 AWG; over 150 feet at 120 volts and 300 feet at 277 volts, #8 AWG. Control wiring, #14 AWG; over 200 feet at 120 volts and 400 feet at 208 volts, #12 AWG. For...
	B. Where no dimensions are assigned to a wire size it shall be understood to be the wire gauge or circular mil size indicated in the NEC tables. The abbreviations MCM, KCM, kcmil and the like are used interchangeably throughout these documents and ref...
	C. Where conductor size is not indicated, its current carrying capacity shall be equal to or greater than the rating of its overcurrent protective device.
	D. Where conductor sizes are increased for voltage drop or other reasons the equipment grounding conductor shall be increased in size proportionately.
	E. Where conductors sizes are increased for voltage drop they may be reduced in size within ten feet of the termination in order to fit under the lugs available on the overcurrent protective device but not less than the ampacity of the frame size of t...
	F. Service Entrance Conductors; Underground in raceway: Type THHN-THWN, 90 Degree C., single copper conductors in raceway.
	G. Feeders; Underground in raceway: Type THHN-THWN, 90 Degree C., single copper conductors in raceway.
	H. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground Beneath Buildings or Structures: Type THHN-THWN, 90 Degree C., single copper conductors in raceway.
	I. Feeders; Interior in raceway: Type THHN-THWN, 90 Degree C., copper conductor.
	J. Fire Pump Service Entrance Conductors:  2-Hour Fire Rated Type MI cable or Polymer Insulated Type RHW, 2-Hour Fire Rated Electrical Circuit Protective System Cables in conduit.
	K. Fire Pump Feeders; Normal and Emergency:  2-Hour Fire Rated Type MI cable, or Polymer Insulated Type RHW, 2-Hour Fire Rated Electrical Circuit Protective System Cables in conduit.
	L. Fire Pump Control Wiring; Controller/Transfer Switch to Generator:  Type RHH, 2-Hour Fire Rated Electrical Circuit Protective System Cables in conduit.
	M. Elevator Feeder: Type THHN-THWN copper conductor in raceway.
	N. Feeders for all Emergency and Standby Power Systems wiring in health care facilities, Type THHN, copper conductor, in nonflexible metal raceway (EMT) unless otherwise indicated.
	O. Branch Circuits; Underground: Type THHN-THWN, 90 Degree C., single copper conductors in raceway.
	P. Branch Circuits; Underground, Beyond Building or Structure, Direct Burial: Type UF, 75 Degree C., multi-conductor, copper conductor with ground.
	Q. Branch Circuits Concealed in Concrete, Below Slabs-on-Grade, and Underground Beneath Buildings or Structures: Type THHN-THWN, 90 Degree C., single copper conductors in raceway.
	R. Branch Circuits; Interior: Type THHN, 90 Degree C., copper conductor in raceway.
	S. Branch Circuit Homeruns: Type THHN, copper conductor, in raceway from panelboards to first outlet box. Homerun, individual and multiple circuit cables are not to be run from panelboards. After the first outlet box, approved cable may be used.
	T. Branch Circuits: For wiring #10 AWG and smaller in non health care facilities in gypsum board partitions, ceiling spaces, and for connections from raceway outlet boxes to lighting fixtures and equipment, Type MC Metal Clad Cable.
	U. Branch Circuits: For wiring #10 AWG and smaller in gypsum board partitions, for connections from raceway outlet boxes to lighting fixtures, and for extension of normal power wiring #10 AWG and smaller from raceway outlet boxes into gypsum board par...
	V. Branch Circuits: For all Emergency and Standby Power Systems wiring in health care facilities, Type THHN, copper conductor, in nonflexible metal raceway (EMT) unless otherwise indicated or excepted by NEC 517.30(C)(3).
	W. Branch Circuits: For computer power wiring with isolated ground #10 AWG and smaller in non health care facilities and non-patient care areas of health care facilities in gypsum board partitions, ceiling spaces, Type MC/IG Metal Clad Cable.
	X. Service Entrance:  Type SE or USE multiconductor cable.
	Y. Exposed Feeders: not used
	Z. Feeders Concealed in Ceilings, Walls, Partitions, and Crawlspaces:  Type THHN-THWN, single conductors in raceway, Armored cable, Type AC, Metal-clad cable, Type MC. Mineral-insulated, metal-sheathed cable, Type MI, Nonmetallic-sheathed cable, Type NM.
	AA. Feeders Concealed in Concrete, below Slabs-on-Grade, and Underground:  Type THHN-THWN, single conductors in raceway, Underground feeder cable, Type UF.
	BB. Feeders Installed below Raised Flooring:  Type THHN-THWN, single conductors in raceway,Armored cable, Type AC Metal-clad cable, Type MC Mineral-insulated, metal-sheathed cable, Type MI.
	CC. Feeders in Cable Tray: Type THHN-THWN, single conductors in raceway Armored cable, Type AC Metal-clad cable, Type MC Mineral-insulated, metal-sheathed cable, Type MINonmetallic-sheathed cable, Type NM.
	DD. Exposed Branch Circuits, Including in Crawlspaces:  Type THHN-THWN, single conductors in raceway] [Armored cable, Type AC] [Metal-clad cable, Type MC] [Mineral-insulated, metal-sheathed cable, Type MI] [Nonmetallic-sheathed cable, Type NM].
	EE. Branch Circuits Concealed in Ceilings, Walls, and Partitions:  [Type THHN-THWN, single conductors in raceway] [Armored cable, Type AC] [Metal-clad cable, Type MC] [Mineral-insulated, metal-sheathed cable, Type MI] [Nonmetallic-sheathed cable, Type...
	FF. Branch Circuits Concealed in Concrete, below Slabs-on-Grade, and Underground:  [Type THHN-THWN, single conductors in raceway] [Underground branch-circuit cable, Type UF].
	GG. Branch Circuits Installed below Raised Flooring:  [Type THHN-THWN, single conductors in raceway] [Armored cable, Type AC] [Metal-clad cable, Type MC] [Mineral-insulated, metal-sheathed cable, Type MI].
	HH. Branch Circuits in Cable Tray:  [Type THHN-THWN, single conductors in raceway] [Armored cable, Type AC] [Metal-clad cable, Type MC] [Mineral-insulated, metal-sheathed cable, Type MI].
	II. Cord Drops and Portable Appliance Connections:  Type SO, hard service cord with stainless-steel, wire-mesh strain relief device at terminations to suit application.
	JJ. Class 1 Control Circuits:  Type THHN-THWN, in raceway.
	KK. Class 2 Control Circuits:  [Type THHN-THWN, in raceway] or [Power-limited cable, concealed in building finishes] [Power-limited tray cable, in cable tray].

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Service entrance conductors in raceway shall enter directly into the service disconnecting means through the wall or floor at the exterior wall of the building or structure.
	B. Where service entrance conductors must be run through or under any portion of the building or structure to reach the service disconnecting means the raceway shall be covered by or encased in not less than 2-inches of concrete supported from the bui...
	C. Install direct burial cables on a 2-inch minimum depth fine sand bed with a 4-inch minimum layer of same material covering the conductors. Install in raceway under pavement and planter areas and within three feet of structures. Provide line marker ...
	D. Conceal cables in finished walls, ceilings, and floors, unless otherwise indicated.
	E. Install cables concealed in ceiling spaces, in gypsum board partitions and in hollow spaces of interior masonry walls in dry locations.
	F. Where cables are installed above new or existing accessible tile ceilings they shall be supported by acoustical tile support clips so the cables do not rest on the ceiling tiles.
	G. Where cables are not fished in existing spaces they shall be securely fastened to the building structure at intervals prescribed by the NEC and not pulled through rings or wiring harnesses.
	H. Use manufacturer-approved pulling compound or lubricant where necessary; compound used must not deteriorate conductor or insulation.  Do not exceed manufacturer's recommended maximum pulling tensions and sidewall pressure values.
	I. Use pulling means; including fish tape, cable, rope, and basket-weave wire/cable grips, that will not damage cables or raceway.
	J. Pull no more than one 3-phase circuit or three consecutive 1-phase circuits in same raceway unless otherwise indicated.
	K. The grounded circuit conductors, or neutral conductors, for lighting circuits being controlled by switches or dimmers shall be provided at the switch and dimmer locations and shall be connected to the appropriate terminal on the switches and dimmer...
	L. Support cables according to Electrical Specification Section "Hangers and Supports for Electrical Systems."
	M. Bundle incoming and outgoing feeder conductors together in switchboards and wrap with wire ties 6-inches on center up to within 6-inches of their termination. Ties shall be of sufficient strength to withstand device short circuit rating.
	N. Seal around cables penetrating fire-rated elements according to Electrical Specification Section." "Penetration Firestopping."
	O. Identify and color-code conductors and cables according to Electrical Specification Section "Identification for Electrical Systems."
	P. Photovoltaic system wiring run exposed outside of or on a building or structure they shall follow the structural members where the locations of the structural members can be easily determined.
	Q. Photovoltaic system wiring run embedded or concealed in building finishes shall be physically protected and identified as being photovoltaic system wiring.
	R. Photovoltaic system wiring run inside a building or structure they shall be run in metal conduit or metal raceway.

	3.4 CONNECTIONS
	A. Branch circuit and feeder taps shall be full circuit size up to their overcurrent protection device unless otherwise indicated.
	B. Taps and splices for branch circuits and feeders larger than #10 AWG shall be made with Burndy “Insul-Tap” Type BIPC, or approved equal, insulation piercing connectors or Burndy “Hylug”, or approved equal, compression splices.
	C. Taps and splices for branch circuits and feeders #10 AWG and smaller shall be made with Ideal Models 410, 411 and 412 crimp connectors, or approved equal, with Models 415 or 417 insulated caps.
	D. Connections to fixture and motor leads #10 AWG and smaller shall be made with 3M "Scotchlok" pre-insulated spring pressure connectors Types Y, R or G or approved equal.
	E. Stranded wiring conductors shall be made up to screw terminals of terminal blocks with 3M, T&B or Panduit locking fork crimp terminals with nylon insulated grips.
	F. Tighten electrical connectors and terminals according to manufacturer's published torque-tightening values.  If manufacturer's torque values are not indicated, use those specified in UL 486A
	G. Make splices and taps that are compatible with conductor material and that possess equivalent or better mechanical strength and insulation ratings than unspliced conductors.
	H. Wiring at Outlets:  Install conductor at each outlet, with at least 12 inches (300 mm) of slack.

	3.5 SLEEVE INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Coordinate sleeve selection and application with selection and application of firestopping specified in Thermal and Moisture Protection Section "Penetration Firestopping" and Electrical Specification Section "Basic Electrical Materials and Methods."
	B. Concrete Slabs and Walls:  Install sleeves for penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of slabs and walls.
	C. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	D. Rectangular Sleeve Minimum Metal Thickness:
	1. For sleeve rectangle perimeter less than 50 inches (1270 mm) and no side greater than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
	2. For sleeve rectangle perimeter equal to, or greater than, 50 inches (1270 mm) and 1 or more sides equal to, or greater than, 16 inches (400 mm), thickness shall be 0.138 inch (3.5 mm).

	E. Fire-Rated Assemblies:  Install sleeves for penetrations of fire-rated floor and wall assemblies unless openings compatible with firestop system used are fabricated during construction of floor or wall.
	F. Cut sleeves to length for mounting flush with both wall surfaces.
	G. Extend sleeves installed in floors 2 inches (50 mm) above finished floor level.
	H. Size pipe sleeves to provide 1/4-inch (6.4-mm) annular clear space between sleeve and cable unless sleeve seal is to be installed or unless seismic criteria require different clearance.
	I. Seal space outside of sleeves with grout for penetrations of concrete and masonry [and with approved joint compound for gypsum board assemblies].
	J. Interior Penetrations of Non-Fire-Rated Walls and Floors:  Seal annular space between sleeve and cable, using joint sealant appropriate for size, depth, and location of joint according to Thermal and Moisture Protection Section "Joint Sealants" and...
	K. Fire-Rated-Assembly Penetrations:  Maintain indicated fire rating of walls, partitions, ceilings, and floors at cable penetrations.  Install sleeves and seal with firestop materials according to Thermal and Moisture Protection   "Penetration Firest...
	L. Roof-Penetration Sleeves:  Seal penetration of individual cables with flexible boot-type flashing units applied in coordination with roofing work.
	M. Aboveground Exterior-Wall Penetrations:  Seal penetrations using sleeves and mechanical sleeve seals.  Size sleeves to allow for 1-inch (25-mm) annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	N. Underground Exterior-Wall Penetrations:  Install cast-iron "wall pipes" for sleeves.  Size sleeves to allow for 1-inch (25-mm) annular clear space between cable and sleeve for installing mechanical sleeve seals.

	3.6 FIRESTOPPING
	A. Apply firestopping to electrical penetrations of fire-rated floor and wall assemblies to restore original fire-resistance rating of assembly according to Thermal and Moisture Protection Section "Penetration Firestopping" and Electrical Specificatio...

	3.7 FIELD QUALITY CONTROL
	A. Perform tests and inspections and prepare test reports.
	B. Tests and Inspections:
	1. After installing conductors and cables and before electrical circuitry has been energized, test [service entrance and feeder conductors and conductors feeding the following critical equipment and services] for compliance with requirements.
	2. Visual and Mechanical Inspections: Include the following inspections and related work.
	a. Verify cables and conductors comply with contract documents.
	b. Verify cables and conductors are braced for short circuit stresses where specified.
	c. Verify cables and conductors are correctly identified at each termination, splice and tap where applicable.
	d. Verify correct phase rotation is maintained throughout project.
	e. Verify color coding and identification comply with specifications and the National Electrical Code.
	f. Inspect all exposed sections of cables and conductors for physical damage and correct connection.
	g. Inspect all bolted and compression connections.

	3. Electrical Tests: Include the following items.
	a. Insulation resistance tests of all conductors, cables and connections.

	4. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification.  Certify compliance with test parameters.
	5. Verify phase identification is A, B, C, left to right, front to back and top to bottom. If corrections are required change feeder and branch circuit identification at each end of circuit so that correct phase identification is maintained throughout...
	6. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning:  After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each splice and termination in feeder cables and conductors.  Remove all covers so terminations, joints and conn...
	b. Follow-up Infrared Scanning:  Perform an additional follow-up infrared scan of the components 11 months after date of Substantial Completion.
	c. Instrument and Equipment:  Use an infrared scanning device designed to measure temperature or to detect significant deviation from normal values.  Provide calibration record for device.
	d. Record of Infrared Scanning:  Prepare a certified report that identifies components checked and that describes scanning results.  Include the following:
	1) Item Identification.
	2) Date.
	3) Time.
	4) Location.
	5) Equipment Identification/Description.
	6) Component Identification/Description.
	7) Color Photograph of Component.
	8) Thermal Infrared Photograph of Component.
	9) Ambient Temperature.
	10) Component Temperature, Phase I.D. and whether line or load side.
	11) Notation of and deficiencies or abnormalities, probable causes, and recommendations.



	C. Test Reports:  Prepare a written report to record the following:
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Test results that do not comply with requirements and corrective action taken to achieve compliance with requirements.

	D. Remove and replace malfunctioning units and retest as specified above.



	260523 CONTROL-VOLTAGE ELECTRICAL POWER CABLES
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Multimode optical-fiber cabling.
	2. UTP cabling.
	3. RS-485 cabling.
	4. Low-voltage control cabling.
	5. Control-circuit conductors.
	6. Identification products.


	1.3 DEFINITIONS
	A. EMI: Electromagnetic interference.
	B. Low Voltage: As defined in NFPA 70 for circuits and equipment operating at less than 50 V or for remote-control and signaling power-limited circuits.
	C. Plenum: A space forming part of the air distribution system to which one or more air ducts are connected. An air duct is a passageway, other than a plenum, for transporting air to or from heating, ventilating, or air-conditioning equipment.
	D. RCDD: Registered Communications Distribution Designer.
	E. UTP: Unshielded twisted pair.

	1.4 ACTION SUBMITTALS
	A. Product Data: For each type of product.

	1.5 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For qualified layout technician, installation supervisor, and field inspector.
	B. Source quality-control reports.
	C. Field quality-control reports.

	1.6 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Member company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor: Currently certified by BICSI as an RCDD to supervise on-site testing.



	PART 2 -  PRODUCTS
	2.1 SYSTEM DESCRIPTION
	A. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	2.2 PERFORMANCE REQUIREMENTS
	A. Flame Travel and Smoke Density in Plenums: As determined by testing identical products according to NFPA 262 by a qualified testing agency. Identify products for installation in plenums with appropriate markings of applicable testing agency.
	1. Flame Travel Distance: 60 inches  or less.
	2. Peak Optical Smoke Density: 0.5 or less.
	3. Average Optical Smoke Density: 0.15 or less.

	B. Flame Travel and Smoke Density for Riser Cables in Non-Plenum Building Spaces: As determined by testing identical products according to UL 1666.
	C. Flame Travel and Smoke Density for Cables in Non-Riser Applications and Non-Plenum Building Spaces: As determined by testing identical products according to UL 1685.

	2.3 BACKBOARDS
	A. Description: Plywood, fire-retardant treated, 3/4 by 48 by 96 inches . Comply with requirements for plywood backing panels in Section 061000 "Rough Carpentry."
	B. Painting: Paint plywood on all sides and edges with flat black  latex paint. Comply with requirements in Section 099123 "Interior Painting."

	2.4 OPTICAL-FIBER CABLE
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following :
	B. Manufacturers: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Belden Inc.
	2. CommScope, Inc.
	3. Corning Incorporated.
	4. Emerson Connectivity Solutions.
	5. General Cable Technologies Corporation.
	6. Mohawk; a division of Belden Inc.
	7. Nexans; Berk-Tek Products.
	8. Siemon Company (The).
	9. Superior Essex Inc.
	10. SYSTIMAX Solutions; a CommScope, Inc. brand.
	11. 3M.
	12. Tyco Electronics/AMP Netconnect; Tyco International Ltd.
	13. Approved equal.

	C. Description: Multimode, 62.5/125-micrometer, 24-fiber, nonconductive, tight-buffer, optical-fiber cable.
	1. Comply with ICEA S-83-596 for mechanical properties.
	2. Comply with TIA-568-C.3 for performance specifications.
	3. Comply with TIA-492AAAA-B for detailed specifications.
	4. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with UL 444, UL 1651, and NFPA 70 for the following types:
	a. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262.
	b. Plenum Rated, Nonconductive: Type OFNP in listed plenum communications raceway.
	c. Plenum Rated, Nonconductive: Type OFN, Type OFNG, Type OFNP, or Type OFNR in metallic conduit.
	d. Plenum Rated, Nonconductive: Type OFNP, complying with NFPA 262; Type OFNP in listed plenum communications raceway; or Type OFN, Type OFNG, Type OFNP, or Type OFNR in metallic conduit.
	e. Riser Rated, Nonconductive: Type OFNR or Type OFNP, complying with UL 1666.
	f. Riser Rated, Nonconductive: Type OFNP or Type OFNR in listed riser or plenum communications raceway.
	g. Riser Rated, Nonconductive: Type OFN, Type OFNG, Type OFNP, or Type OFNR in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	h. General Purpose, Nonconductive: Type OFN or Type OFNG.
	i. General Purpose, Nonconductive: Type OFNR or Type OFNP.
	j. General Purpose, Nonconductive: Type OFN, Type OFNG, Type OFNP, or Type OFNR in listed communications raceway.
	k. General Purpose, Nonconductive: Type OFN, Type OFNG, Type OFNP, or Type OFNR in metallic conduit.
	l. Plenum Rated, Conductive: Type OFCP or Type OFNP, complying with NFPA 262.
	m. Plenum Rated, Conductive: Type OFCP, or Type OFNP in listed plenum communications raceway.
	n. Plenum Rated, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG, Type OFCP, Type OFNP, Type OFCR, or Type OFNR in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	o. Riser Rated, Conductive: Type OFCR; or Type OFNR, Type OFCP, or Type OFNP; complying with UL 1666and ICEA S-103-701.
	p. Riser Rated, Conductive: Type OFCP, Type OFNP, or Type OFCR or Type OFNP in listed riser or plenum communications raceway.
	q. Riser Rated, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG, Type OFCP, Type OFNP, Type OFCR, or Type OFNR in metallic conduit.
	r. General Purpose, Conductive: Type OFC or Type OFCG; or Type OFC, Type OFN, Type OFCG, Type OFNG, Type OFCR, Type OFNR, Type OFCP, or Type OFNP.
	s. General Purpose, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG, Type OFCP, Type OFNP, Type OFCR, or Type OFNR in listed communications raceway.
	t. General Purpose, Conductive: Type OFC, Type OFN, Type OFCG, Type OFNG, Type OFCP, Type OFNP, Type OFCR, or Type OFNR in metallic conduit.

	5. Conductive cable shall be steel-armored type.
	6. Maximum Attenuation: 3.5  dB/km at 850 nm; 1.5  dB/km at 1300 nm.
	7. Minimum Modal Bandwidth: 160 MHz-km at 850 nm; 500 MHz-km at 1300 nm.

	D. Jacket:
	1. Jacket Color: Aqua for 50/125 ,Orange for 62.5/125-micrometer cable.
	2. Cable cordage jacket, fiber, unit, and group color shall be according to TIA-598-C.
	3. Imprinted with fiber count, fiber type, and aggregate length at regular intervals not to exceed 40 inches


	2.5 OPTICAL-FIBER CABLE HARDWARE
	A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:
	Manufacturers: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. ADC.
	2. American Technology Systems Industries, Inc.
	3. Belden Inc.
	4. Corning Incorporated.
	5. Dynacom Inc.
	6. Hubbell Incorporated.
	7. Molex Premise Networks; a division of Molex, Inc.
	8. Panduit Corp.
	9. Siemon Company (The).
	10. Approved equal.

	B. Cross-Connects and Patch Panels: Modular panels housing multiple-numbered, duplex cable connectors.
	1. Number of Connectors per Field:One for each fiber of cable or cables assigned to field, plus spares and blank positions adequate to suit specified expansion criteria.

	C. Patch Cords: Factory-made, dual-fiber cables in 36-inch lengths.
	D. Cable Connecting Hardware:
	1. Comply with Optical-Fiber Connector Intermateability Standards (FOCIS) specifications of TIA-604-2-B, TIA-604-3-B, and TIA/EIA-604-12. Comply with TIA-568-C.3.
	2. Quick-connect, simplex and duplex, Type SC, Type ST, Type LC, Type MT-RJconnectors. Insertion loss of not more than 0.75 dB.
	3. Type SFF connectors may be used in termination racks, panels, and equipment packages.


	2.6 UTP CABLE
	A. Manufacturers: Subject to compliance with requirements, provide products by the following:
	B. Basis-of-Design Product: Subject to compliance with requirements, provide  or comparable product by one of the following:
	1. ADC.
	2. Alpha Wire Company; a division of Belden Inc.
	3. Belden Inc.
	4. CommScope, Inc.
	5. Draka Cableteq USA.
	6. Genesis Cable Products; Honeywell International, Inc.
	7. Mohawk; a division of Belden Inc.
	8. Nexans; Berk-Tek Products.
	9. Siemon Company (The).
	10. Superior Essex Inc.
	11. SYSTIMAX Solutions; a CommScope, Inc. brand.
	12. 3M.
	13. Tyco Electronics/AMP Netconnect; Tyco International Ltd.
	14. Approved equal.

	C. Description: 100-ohm, four-pair UTP, 24-pair UTP, formed into four-pair binder groups with no overall jacket,][, 25-pair UTP covered with a thermoplastic jacket].
	1. Comply with ICEA S-90-661 for mechanical properties of Category 5e cables.
	2. Comply with ICEA S-102-700 for mechanical properties of Category 6 cables.
	3. Comply with TIA-568-C.1 for performance specifications.
	4. Comply with TIA-568-C.2, Category 6
	5. Listed and labeled by an NRTL acceptable to authorities having jurisdiction as complying with NEMA WC 66, UL 444 and NFPA 70 for the following types:
	a. Communications, Plenum Rated: Type CMP complying with UL 1685 or Type CMP in listed plenum communications raceway.
	b. Communications, Plenum Rated: Type CM, Type CMG, Type CMP, Type CMR, or Type CMX in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	c. Communications, Riser Rated: Type CMR complying with UL 1666 and ICEA S-103-701.
	d. Communications, Riser Rated: Type CMP, or Type CMR in listed plenum or riser communications raceway.
	e. Communications, Riser Rated: Type CMP or Type CMR in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	f. Communications, General Purpose: Type CM or Type CMG[; or Type CM, Type CMG, Type CMP, or Type CMR in listed communications raceways.
	g. Communications, General Purpose: Type CM, Type CMG, Type CMP, Type CMR, or Type CMX in metallic conduit installed per NFPA 70, Article 300.22, "Wiring in Ducts, Plenums, and Other Air-Handling Spaces."
	h. Communications, Limited Purpose: Type CMX[; or Type CM, Type CMG, Type CMP, or Type CMR.



	2.7 UTP CABLE HARDWARE
	A. Manufacturers: Subject to compliance with requirements provide products by one of the following:
	B. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. ADC.
	2. American Technology Systems Industries, Inc.
	3. Belden Inc.
	4. Dynacom Inc.
	5. Hubbell Incorporated.
	6. Leviton Commercial Networks Division.
	7. Molex Premise Networks; a division of Molex, Inc.
	8. Panduit Corp.
	9. Siemon Company (The).
	10. Tyco Electronics/AMP Netconnect; Tyco International Ltd.
	11. Approved equal.

	C. General Requirements for Cable Connecting Hardware: Comply with TIA/EIA-568-C.2, IDC type, with modules designed for punch-down caps or tools. Cables shall be terminated with connecting hardware of same category or higher.
	D. Connecting Blocks: 110-style IDC for Category 6 . Provide blocks for the number of cables terminated on the block, plus 25 percent spare. Integral with connector bodies, including plugs and jacks where indicated.
	E. Cross-Connect: Modular array of connecting blocks arranged to terminate building cables and permit interconnection between cables.
	1. Number of Terminals per Field: One for each conductor in assigned cables.

	F. Patch Panel: Modular panels housing multiple-numbered jack units with IDC-type connectors at each jack for permanent termination of pair groups of installed cables.
	1. Number of Jacks per Field: One  for each four-pair UTP cable indicated, conductor group of indicated cables, plus spares and blank positions adequate to suit specified expansion criteria.

	G. Jacks and Jack Assemblies: 100-ohm, balanced, twisted-pair connector; four-pair, eight-position modular. Comply with TIA/EIA-568-C.1.
	H. Patch Cords: Factory-made, four-pair cables in 36-inch  lengths; terminated with eight-position modular plug at each end.
	1. Patch cords shall have bend-relief-compliant boots and color-coded icons to ensure Category 6 performance. Patch cords shall have latch guards to protect against snagging.
	2. Patch cords shall have color-coded boots for circuit identification.

	I. Workstation Outlets: as per drawings
	J. Faceplates:
	1. Plastic Faceplate: High-impact plastic. Coordinate color with Section 262726 "Wiring Devices."
	2. Metal Faceplate: Stainless steel , complying with requirements in Section 262726 "Wiring Devices."
	3. For use with snap-in jacks accommodating any combination of UTP, optical-fiber, and coaxial work area cords.
	a. Flush-mounted jacks, positioning the cord at a 45-degree angle.


	K. Legend:
	1. Factory labeled by silk-screening or engraving for  faceplates.
	2. Machine printed, in the field, using adhesive-tape label.
	3. Snap-in, clear-label covers and machine-printed paper inserts.


	2.8 TWIN-AXIAL DATA HIGHWAY CABLE
	A. Standard Cable: NFPA 70, Type CM. (As per owner hired installer)
	1. Paired, (as per owners’ installer for data cabling) pairs, No. 20 AWG, stranded  tinned-copper conductors.
	2. Polypropylene insulation.
	3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.
	4. PVC jacket.
	5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain wire.
	6. Flame Resistance: Comply with UL 1685.

	B. Plenum-Rated Cable: NFPA 70, Type CMP.
	1. Paired, as per owner’s installer, No. 20 AWG, stranded tinned-copper conductors.
	2. Plastic insulation.
	3. Individual aluminum foil-polyester tape shielded pairs with 100 percent shield coverage.
	4. Plastic jacket.
	5. Pairs are cabled on common axis with No. 24 AWG, stranded (7x32) tinned-copper drain wire.
	6. Flame Resistance: Comply with NFPA 262.


	2.9 RS-485 CABLE (As per owner hired installer )
	A. Standard Cable: NFPA 70, Type CMG.
	1. Paired, two pairs, twisted, No. 22 AWG, stranded (7x30) tinned-copper conductors.
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance: Comply with UL 1685.

	B. Plenum-Rated Cable: NFPA 70, Type CMP.
	1. Paired, two pairs, No. 22 AWG, stranded (7x30) tinned-copper conductors.
	2. Fluorinated ethylene propylene insulation.
	3. Unshielded.
	4. Fluorinated ethylene propylene jacket.
	5. Flame Resistance: NFPA 262.


	2.10 LOW-VOLTAGE CONTROL CABLE(As per Owner hired installer)
	A. Paired Cable: NFPA 70, Type CMG.
	1. Multi pair, twisted, No. 16 AWG, stranded (19x29)
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance: Comply with UL 1685.

	B. Plenum-Rated, Paired Cable: NFPA 70, Type CMP.
	1. Multi pair, twisted, No. 16 AWG, stranded (19x29) tinned-copper conductors.
	2. PVC insulation.
	3. Unshielded.
	4. PVC jacket.
	5. Flame Resistance: Comply with NFPA 262.


	2.11 CONTROL-CIRCUIT CONDUCTORS
	A. Manufacturers: Subject to compliance with requirements, provide products by the following] provide products by one of the following]
	B. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated   or comparable product by one of the following:
	1. Encore Wire Corporation.
	2. General Cable Technologies Corporation.
	3. Southwire Company.

	C. Class 1 Control Circuits: Stranded copper, Type THHN-2-THWN-2 in raceway, complying with UL 44,UL 83.
	D. Class 2 Control Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway Type XHHW-2, in raceway power-limited cable, concealed in building finishes power-limited tray cable, in cable tray, complying with UL 44, UL 83.
	E. Class 3 Remote-Control and Signal Circuits: Stranded copper, Type THHN-2-THWN-2, in raceway Type XHHW-2, in raceway, power-limited cable, concealed in building finishes, power-limited tray cable, in cable tray Type TW or Type TF, in raceway, comply...
	F. Class 2 Control Circuits and Class 3 Remote-Control and Signal Circuits That Supply Critical Circuits: Circuit Integrity (CI) cable.
	1. Smoke control signaling and control circuits.


	2.12 SOURCE QUALITY CONTROL
	A. Testing Agency: Owner will engage a qualified testing agency to evaluate cables.
	B. Factory test UTP cables according to TIA-568-C.2.
	C. Factory test optical-fiber cables according to TIA-568-C.3.
	D. Cable will be considered defective if it does not pass tests and inspections.
	E. Prepare test and inspection reports.


	PART 3 -  EXECUTION
	3.1 EXAMINATION ( to be decided by installer hired by owner)
	A. Test cables on receipt at Project site.
	1. Test optical-fiber cable to determine the continuity of the strand end to end. Use optical-fiber flashlight, optical loss test set,optical-fiber flashlight or optical loss test set
	2. Test optical-fiber cable on reels. Use an optical time domain reflectometer to verify the cable length and locate cable defects, splices, and connector; include the loss value of each. Retain test data and include the record in maintenance data.
	3. Test each pair of UTP cable for open and short circuits.


	3.2 INSTALLATION OF RACEWAYS AND BOXES
	A. Comply with requirements in Section 260533 "Raceways and Boxes for Electrical Systems" for raceway selection and installation requirements for boxes, conduits, and wireways as supplemented or modified in this Section.
	1. Outlet boxes shall be no smaller than 2 inches wide, 3 inches high, and 2-1/2 inches  deep.
	2. Outlet boxes for optical-fiber cables shall be no smaller than 4 inches square by 1-1/2 inches  2-1/8 inches deep with extension ring sized to bring edge of ring to within 1/8 inch  of the finished wall surface.
	3. Flexible metal conduit shall not be used.

	B. Comply with TIA-569-B for pull-box sizing and length of conduit and number of bends between pull points.
	C. Install manufactured conduit sweeps and long-radius elbows if possible.
	D. Raceway Installation in Equipment Rooms:
	1. Position conduit ends adjacent to a corner on backboard if a single piece of plywood is installed, or in the corner of the room if multiple sheets of plywood are installed around perimeter walls of the room.
	2. Install cable trays to route cables if conduits cannot be located in these positions.
	3. Secure conduits to backboard if entering the room from overhead.
	4. Extend conduits 3 inches   above finished floor.
	5. Install metal conduits with grounding bushings and connect with grounding conductor to grounding system.

	E. Backboards: Install backboards with 96-inch  dimension vertical. Butt adjacent sheets tightly and form smooth gap-free corners and joints.

	3.3 INSTALLATION OF CONDUCTORS AND CABLES
	A. Comply with NECA 1 and NFPA 70.
	B. General Requirements for Cabling:
	1. Comply with TIA-568-C Series of standards.
	2. Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems" and Ch. 6, "Optical Fiber Structured Cabling Systems."
	3. Terminate all conductors and optical fibers; no cable shall contain unterminated elements. Make terminations only at indicated outlets, terminals, and cross-connect and patch panels.
	4. Cables may not be spliced.
	5. Secure and support cables at intervals not exceeding 30 inches  and not more than 6 inches  from cabinets, boxes, fittings, outlets, racks, frames, and terminals.
	6. Bundle, lace, and train conductors to terminal points without exceeding manufacturer's limitations on bending radii, but not less than radii specified in BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems" and Ch. 6, "Optical Fiber Structured ...
	7. Do not install bruised, kinked, scored, deformed, or abraded cable. Do not splice cable between termination, tap, or junction points. Remove and discard cable if damaged during installation and replace it with new cable.
	8. Cold-Weather Installation: Bring cable to room temperature before dereeling. Do not use heat lamps for heating.
	9. Pulling Cable: Comply with BICSI ITSIMM, Ch. 5, "Copper Structured Cabling Systems" and Ch. 6, "Optical Fiber Structured Cabling Systems." Monitor cable pull tensions.
	10. Support: Do not allow cables to lay on removable ceiling tiles.
	11. Secure: Fasten securely in place with hardware specifically designed and installed so as to not damage cables.

	C. UTP Cable Installation:
	1. Comply with TIA-568-C.2.
	2. Install termination hardware as specified in Section 271500 "Communications Horizontal Cabling" unless otherwise indicated.
	3. Do not untwist UTP cables more than 1/2 inch  at the point of termination to maintain cable geometry.

	D. Installation of Control-Circuit Conductors:
	1. Install wiring in raceways. Comply with requirements specified in Section 260533 "Raceways and Boxes for Electrical Systems."

	E. Optical-Fiber Cable Installation:
	1. Comply with TIA-568-C.3.
	2. Terminate cable on connecting hardware that is rack or cabinet mounted.

	F. Open-Cable Installation:
	1. Install cabling with horizontal and vertical cable guides in telecommunications spaces with terminating hardware and interconnection equipment.
	2. Suspend copper cable not in a wireway or pathway a minimum of 8 inches  above ceilings by cable supports not more than 30 inches   apart.
	3. Cable shall not be run through or on structural members or in contact with pipes, ducts, or other potentially damaging items. Do not run cables between structural members and corrugated panels.

	G. Installation of Cable Routed Exposed under Raised Floors:
	1. Install plenum-rated cable only.
	2. Install cabling after the flooring system has been installed in raised floor areas.
	3. Below each feed point, neatly coil a minimum of 72 inches  of cable in a coil not less than 12 inches  in diameter.

	H. Separation from EMI Sources:
	1. Comply with BICSI TDMM and TIA-569-B recommendations for separating unshielded copper voice and data communications cable from potential EMI sources including electrical power lines and equipment.
	2. Separation between open communications cables or cables in nonmetallic raceways and unshielded power conductors and electrical equipment shall be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 5 inches .
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 12 inches.
	c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 24 inches.

	3. Separation between communications cables in grounded metallic raceways and unshielded power lines or electrical equipment shall be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA: A minimum of 2-1/2 inches (64 mm).
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 6 inches (150 mm).
	c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 12 inches (305 mm).

	4. Separation between communications cables in grounded metallic raceways and power lines and electrical equipment located in grounded metallic conduits or enclosures shall be as follows:
	a. Electrical Equipment or Circuit Rating Less Than 2 kVA: No requirement.
	b. Electrical Equipment or Circuit Rating between 2 and 5 kVA: A minimum of 3 inches (75 mm).
	c. Electrical Equipment or Circuit Rating More Than 5 kVA: A minimum of 6 inches (150 mm).

	5. Separation between Communications Cables and Electrical Motors and Transformers, 5 kVA or 5 HP and Larger: A minimum of 48 inches (1200 mm).
	6. Separation between Communications Cables and Fluorescent Fixtures: A minimum of 5 inches (127 mm).


	3.4 REMOVAL OF CONDUCTORS AND CABLES
	A. Remove abandoned conductors and cables. Abandoned conductors and cables are those installed that are not terminated at equipment and are not identified for future use with a tag.

	3.5 CONTROL-CIRCUIT CONDUCTORS
	A. Minimum Conductor Sizes:
	1. Class 1 remote-control and signal circuits; [No 14]  AWG.
	2. Class 2 low-energy, remote-control, and signal circuits; No. 16  AWG.
	3. Class 3 low-energy, remote-control, alarm, and signal circuits; [No 12]  AWG.


	3.6 FIRESTOPPING
	A. Comply with requirements in Section 078413 "Penetration Firestopping."
	B. Comply with TIA-569-B, Annex A, "Firestopping."
	C. Comply with BICSI TDMM, "Firestopping" Chapter.

	3.7 GROUNDING
	A. For data communication wiring, comply with ANSI-J-STD-607-A and with BICSI TDMM, "Bonding and Grounding (Earthing)" Chapter.
	B. For low-voltage control wiring and cabling, comply with requirements in Section 260526 "Grounding and Bonding for Electrical Systems."

	3.8 IDENTIFICATION
	A. Comply with requirements for identification specified in Section 260553 "Identification for Electrical Systems."
	B. Identify data and communications system components, wiring, and cabling according to TIA-606-A; label printers shall use label stocks, laminating adhesives, and inks complying with UL 969.

	3.9 FIELD QUALITY CONTROL
	A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to test and inspect components, assemblies, and equipment installations, including connections.
	C. Perform the following tests and inspections with the assistance of a factory-authorized service representative:
	1. Visually inspect UTP and optical-fiber cable jacket materials for UL or third-party certification markings. Inspect cabling terminations to confirm color-coding for pin assignments, and inspect cabling connections to confirm compliance with TIA-568...
	2. Visually inspect cable placement, cable termination, grounding and bonding, equipment and patch cords, and labeling of all components.
	3. Test UTP cabling for direct-current loop resistance, shorts, opens, intermittent faults, and polarity between conductors. Test operation of shorting bars in connection blocks. Test cables after termination but not after cross-connection.
	a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.2. Perform tests with a tester that complies with performance requirements in "Test Instruments (Normative)" Annex, complying with measurement accuracy specified in "Measure...

	4. Optical-Fiber Cable Tests:
	a. Test instruments shall meet or exceed applicable requirements in TIA-568-C.0. Use only test cords and adapters that are qualified by test equipment manufacturer for channel or link test configuration.
	b. Link End-to-End Attenuation Tests:
	1) Multimode Link Measurements: Test at 850 or 1300 nm in one direction according to TIA/EIA-526-14-A, Method B, One Reference Jumper.
	2) Attenuation test results for links shall be less than 2.0 dB



	D. Document data for each measurement. Print data for submittals in a summary report that is formatted using Table 10.1 in BICSI TDMM as a guide, or transfer the data from the instrument to the computer, save as text files, print, and submit.
	E. End-to-end cabling will be considered defective if it does not pass tests and inspections.
	F. Prepare test and inspection reports.



	260526 Grounding and Bonding for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and General Requirements Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes methods and materials for grounding systems and equipment:
	1. Overhead-lines grounding- NOT USED
	2. Underground distribution grounding.
	3. Common ground bonding with lightning protection system.


	1.3 SUBMITTALS
	A. Product Data:  For each type of product indicated.
	B. Other Informational Submittals:  Plans showing dimensioned as-built locations of grounding features specified in Part 3 "Field Quality Control" Article, including the following:
	1. Test wells.
	2. Ground rods.
	3. Ground rings.
	4. Grounding arrangements and connections for separately derived systems.
	5. Grounding for sensitive electronic equipment.

	C. Operation and Maintenance Data:  For grounding to include the following in emergency, operation, and maintenance manuals:
	1. Instructions for periodic testing and inspection of grounding features
	a. Tests shall be to determine if ground resistance or impedance values remain within specified maximums, and instructions shall recommend corrective action if they do not.
	b. Include recommended testing intervals.



	1.4 QUALITY ASSURANCE
	A. Electrical Components, Devices, and Accessories:  Listed and labeled as defined in NFPA 70, Article 100, by a testing agency acceptable to authorities having jurisdiction, and marked for intended use.
	B. Comply with UL 467 for grounding and bonding materials and equipment.


	PART 2 -  PRODUCTS
	2.1 CONDUCTORS
	A. Insulated Conductors:  Copper or tinned-copper wire or cable insulated for 600 V unless otherwise required by applicable Code or authorities having jurisdiction.
	B. Bare Copper Conductors:
	1. Solid Conductors:  ASTM B 3.
	2. Stranded Conductors:  ASTM B 8.
	3. Tinned Conductors:  ASTM B 33.
	4. Bonding Cable:  28 kcmil, 14 strands of No. 17 AWG conductor, 1/4 inch (6 mm) in diameter.
	5. Bonding Conductor:  No. 4 or No. 6 AWG, stranded conductor.
	6. Bonding Jumper:  Copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.
	7. Tinned Bonding Jumper:  Tinned-copper tape, braided conductors, terminated with copper ferrules; 1-5/8 inches (41 mm) wide and 1/16 inch (1.6 mm) thick.

	C. Bare Grounding Conductor and Conductor Protector for Wood Poles:
	1. No. 4 AWG minimum, soft-drawn copper.
	2. Conductor Protector:  Half-round PVC or wood molding.  If wood, use pressure-treated fir or cypress or cedar.

	D. Grounding Bus:  Rectangular bars of annealed copper, 1/4 by 2 inches (6 by 50 mm) in cross section, unless otherwise indicated; with insulators.

	2.2 CONNECTORS
	A. Listed and labeled by a nationally recognized testing laboratory acceptable to authorities having jurisdiction for applications in which used, and for specific types, sizes, and combinations of conductors and other items connected.
	B. Bolted Connectors for Conductors and Pipes:  Copper or copper alloy, bolted pressure-type, with at least two bolts.
	1. Pipe Connectors:  Clamp type, sized for pipe.

	C. Welded Connectors:  Exothermic-welding kits of types recommended by kit manufacturer for materials being joined and installation conditions.
	D. Intersystem Bonding Termination Device: A bonding bar or listed device for connecting data, alarm, communication and lightning protection systems.
	E. Solar Photovoltaic Systems: Lugs for connecting aluminum solar panel frames and structures to the copper grounding conductor shall be UL 427 Listed for the purpose. Eritech EL6CS Series with hardware, or "Approved" equal".
	F. Ground Rods:  Copper-clad [3/4 inch diameter by 10 feet long (19 mm diameter by 3 m long)]
	G. Retain paragraph and subparagraphs below if allowed by authorities having jurisdiction to enhance grounding performance.  Se


	PART 3 -  EXECUTION
	A. Conductors:  Install solid conductor for No. 8 AWG and smaller, and stranded conductors for No. 6  AWG and larger, unless otherwise indicated.
	B. Underground Grounding Conductors:  Install bare copper conductor, No.2/0  AWG minimum.
	1. Bury at least 24 inches (600 mm) below grade.
	2. Duct-Bank Grounding Conductor:  Bury 12 inches (300 mm) above duct bank when indicated as part of duct-bank installation.

	C. Isolated Grounding Conductors:  Green-colored insulation with continuous yellow stripe.  On feeders with isolated ground, identify grounding conductor where visible to normal inspection, with alternating bands of green and yellow tape, with at leas...
	D. Grounding Bus:  Install in electrical and telephone equipment rooms, in rooms housing service equipment, and elsewhere as indicated.
	1. Install bus on insulated spacers 1 inch (25 mm), minimum, from wall 6 inches (150 mm) above finished floor, unless otherwise indicated.
	2. Where indicated on both sides of doorways, route bus up to top of door frame, across top of doorway, down to specified height above floor, and connect to horizontal bus.

	E. Conductor Terminations and Connections:
	1. Pipe and Equipment Grounding Conductor Terminations:  Bolted connectors.
	2. Underground Connections:  Welded connectors except at test wells and as otherwise indicated.
	3. Connections to Ground Rods at Test Wells:  Bolted connectors.
	4. Connections to Structural Steel:  Welded connectors.

	3.2 EQUIPMENT GROUNDING
	A. Install insulated equipment grounding conductors with all feeders and branch circuits.
	B. Install insulated equipment grounding conductors with the following items, in addition to those required by NFPA 70:
	1. Feeders and branch circuits.
	2. Lighting circuits.
	3. Receptacle circuits.
	4. Single-phase motor and appliance branch circuits.
	5. Three-phase motor and appliance branch circuits.
	6. Flexible raceway runs.
	7. Armored and metal-clad cable runs.
	8. Busway Supply Circuits:  Install insulated equipment grounding conductor from grounding bus in the switchgear, switchboard, or distribution panel to equipment grounding bar terminal on busway.
	9. Computer and Rack-Mounted Electronic Equipment Circuits:  Install insulated equipment grounding conductor in branch-circuit runs from equipment-area power panels and power-distribution units.

	C. Air-Duct Equipment Circuits:  Install insulated equipment grounding conductor to duct-mounted electrical devices operating at 120 V and more, including air cleaners, heaters, dampers, humidifiers, and other duct electrical equipment.  Bond conducto...
	D. Water Heater, Heat-Tracing, and Antifrost Heating Cables:  Install a separate insulated equipment grounding conductor to each electric water heater and heat-tracing cable.  Bond conductor to heater units, piping, connected equipment, and components.
	E. Isolated Grounding Receptacle Circuits:  Install an insulated equipment grounding conductor connected to the receptacle grounding terminal.  Isolate conductor from raceway and from panelboard grounding terminals.  Terminate at equipment grounding c...
	F. Isolated Equipment Enclosure Circuits:  For designated equipment supplied by a branch circuit or feeder, isolate equipment enclosure from supply circuit raceway with a nonmetallic raceway fitting listed for the purpose.  Install fitting where racew...
	G. Signal and Communication Equipment:  For telephone, alarm, voice and data, and other communication equipment, provide No. 4 AWG minimum insulated grounding conductor in raceway from grounding electrode system intersystem bonding termination device ...
	1. Service and Central Equipment Locations and Wiring Closets:  Terminate grounding conductor on a 1/4-by-2-by-12-inch (6-by-50-by-300-mm) grounding bus.
	2. Terminal Cabinets:  Terminate grounding conductor on cabinet grounding terminal.

	H. Poles Supporting Outdoor Lighting Fixtures:  Install grounding electrode and a separate insulated equipment grounding conductor in addition to grounding conductor installed with branch-circuit conductors.

	3.3 INSTALLATION
	A. Grounding Conductors:  Route along shortest and straightest paths possible, unless otherwise indicated or required by Code.  Avoid obstructing access or placing conductors where they may be subjected to strain, impact, or damage.
	B. Common Ground Bonding with Lightning Protection System:  Comply with NFPA 780 and UL 96 when interconnecting with lightning protection system.  Bond electrical power system ground directly to lightning protection system grounding conductor at close...
	C. Intersystem Bonding Termination Device: Locate in the service equipment or near a grounding electrode conductor. Connect to the grounding electrode conductor with a #6 AWG copper conductor or directly via a listed split or snap-in connector. The gr...
	D. Ground Rods:  Drive rods until tops are 2 inches (50 mm) below finished floor or final grade, unless otherwise indicated.
	1. Interconnect ground rods with grounding electrode conductor below grade and as otherwise indicated.  Make connections without exposing steel or damaging coating, if any.
	2. For grounding electrode system, install at least three   rods spaced at least one-rod length from each other and located at least the same distance from other grounding electrodes, and connect to the service grounding electrode conductor.

	E. Test Wells:  Ground rod driven through drilled hole in bottom of handhole.  Handholes are specified in Electrical Specifications Section "Underground Ducts and Raceways for Electrical Systems," and shall be at least 12 inches (300 mm) deep, with co...
	1. Test Wells:  Install at least one test well for each service, unless otherwise indicated.  Install at the ground rod electrically closest to service entrance.  Set top of test well flush with finished grade or floor.

	F. Bonding Straps and Jumpers:  Install in locations accessible for inspection and maintenance, except where routed through short lengths of conduit.
	1. Bonding to Structure:  Bond straps directly to basic structure, taking care not to penetrate any adjacent parts.
	2. Bonding to Equipment Mounted on Vibration Isolation Hangers and Supports:  Install so vibration is not transmitted to rigidly mounted equipment.
	3. Use exothermic-welded connectors for outdoor locations, but if a disconnect-type connection is required, use a bolted clamp.

	G. Grounding and Bonding for Piping:
	1. Metal Water Service Pipe:  Install insulated copper grounding conductors, in conduit, from building's main service equipment, or grounding bus, to main metal water service entrances to building.  Connect grounding conductors to main metal water ser...
	2. Water Meter Piping:  Use braided-type bonding jumpers to electrically bypass water meters.  Connect to pipe with a bolted connector.
	3. Bond each aboveground portion of gas piping system downstream from equipment shutoff valve.
	4. Gas appliances electrically connected by cord and plug shall have separate bonding conductors connected to the branch circuit equipment grounding conductors at the outlets serving the appliances. Bond each aboveground portion of gas piping system d...

	H. Bonding Interior Metal Ducts:  Bond metal air ducts to equipment grounding conductors of associated fans, blowers, electric heaters, and air cleaners.  Install  bonding jumper to bond across flexible duct connections to achieve continuity.
	I. Grounding for Steel Building Structure:  Install a driven ground rod at base of each corner column and at intermediate exterior columns at distances not more than 60 feet (18 m) apart.
	J. Ground Ring:  Install a grounding conductor, electrically connected to each building structure ground rod and to each steel column, extending around the perimeter of building.
	1. Install tinned-copper conductor not less than No. [2/0]  AWG for ground ring and for taps to building steel.
	2. Bury ground ring not less than [24 inches (600 mm)] from building foundation.

	K. Ufer Ground (Concrete-Encased Grounding Electrode):  Fabricate according to NFPA 70, using a minimum of [20 feet (6 m)]  of bare copper conductor not smaller than No. [4]  AWG.
	1. If concrete foundation is less than [20 feet (6 m)]  long, coil excess conductor within base of foundation.
	2. Bond grounding conductor to reinforcing steel in at least four locations and to anchor bolts.  Extend grounding conductor below grade and connect to building grounding grid or to grounding electrode external to concrete.

	L. Grounding for Cable Sleeves and Stubs:
	1. Each metallic sleeve for cables passing through a non-fire-rated wall or slab between metallic cable trays or from metallic cable trays to grounded or bonded equipment shall contain an equipment grounding conductor to connect the cable tray equipme...
	2. Each metallic sleeve for cables passing through a fire-rated wall or slab between metallic cable trays or from metallic cable trays to grounded or bonded equipment shall contain an equipment grounding conductor to connect the cable tray equipment g...
	3. Conduit stubs used for cables from wall outlets up to the ceiling space for transition to metallic cable tray system and are terminate 30-inches or less from the cable tray or other grounded or bonded object shall be bonded to the that cable tray o...


	3.4 FIELD QUALITY CONTROL
	A. Testing Agency:  Owner will engage a qualified testing and inspecting agency to perform field tests and inspections and prepare test reports.
	B. Testing Agency:  Engage a qualified testing and inspecting agency to perform the following field tests and inspections and prepare test reports:
	C. Perform the following tests and inspections and prepare test reports:
	1. After installing grounding system but before permanent electrical circuits have been energized, test for compliance with requirements.
	2. Test completed grounding system at each location where a maximum ground-resistance level is specified, at service disconnect enclosure grounding terminal , at ground test wells, and at individual ground rods.  Make tests at ground rods before any c...
	a. Measure ground resistance not less than two full days after last trace of precipitation and without soil being moistened by any means other than natural drainage or seepage and without chemical treatment or other artificial means of reducing natura...
	b. Perform tests by fall-of-potential method according to IEEE 81.

	3. Prepare dimensioned drawings locating each test well, ground rod and ground rod assembly, and other grounding electrodes.  Identify each by letter in alphabetical order, and key to the record of tests and observations.  Include the number of rods d...

	D. Report measured ground resistances that exceed the following values:
	1. Power and Lighting Equipment or System with Capacity 500 kVA and Less:  10  ohms.
	2. Power and Lighting Equipment or System with Capacity 500 to 1000 kVA:  5 OHMS
	3. Power and Lighting Equipment or System with Capacity More Than 1000 kVA:  [3]  ohms.
	4. Power Distribution Units or Panelboards Serving Electronic Equipment:   [3] ohm(s).
	5. Substations and Pad-Mounted Equipment:  [5]  ohms.
	6. Manhole Grounds:  [10]  ohms.

	E. Excessive Ground Resistance:  If resistance to ground exceeds specified values, notify Architect promptly and include recommendations to reduce ground resistance.



	260529 Hangers and Supports for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and General Requirements Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. This Section includes the following:
	1. Hangers and supports for electrical equipment and systems.
	2. Concrete equipment bases.

	B. Related Sections include the following:
	1. Electrical Specification Section "Electrical Supports and Seismic Restraints" for products and installation requirements necessary for compliance with seismic criteria.


	1.3 DEFINITIONS
	A. EMT:  Electrical metallic tubing.
	B. IMC:  Intermediate metal conduit.
	C. RMC:  Rigid metal conduit.

	1.4 PERFORMANCE REQUIREMENTS
	A. Delegated Design:  Design supports for multiple raceways, including comprehensive engineering analysis by a qualified professional engineer, using performance requirements and design criteria indicated.
	B. Design supports for multiple raceways capable of supporting combined weight of supported systems and its contents.
	C. Design equipment supports capable of supporting combined operating weight of supported equipment and connected systems and components.
	D. Rated Strength:  Adequate in tension, shear, and pullout force to resist maximum loads calculated or imposed for this Project, with a minimum structural safety factor of five  times the applied force.

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

	B. Shop Drawings:  Signed and sealed by a qualified professional engineer hired by Contractor. Show fabrication and installation details and include calculations for the following:
	1. Trapeze hangers.  Include Product Data for components.
	2. Steel slotted channel systems.  Include Product Data for components.
	3. Nonmetallic slotted channel systems.  Include Product Data for components.
	4. Equipment supports.

	C. Welding certificates.
	D. Concrete
	1. Action Submittals
	a. Product Data:  For each type of product indicated.
	b. LEED Submittals:
	1) Product Data for Credit MR 4:  For products having recycled content, documentation indicating percentages by weight of postconsumer and preconsumer recycled content.  Include statement indicating cost for each product having recycled content.
	2) Design Mixtures for Credit ID 1:  For each concrete mixture containing fly ash as a replacement for portland cement or other portland cement replacements.  For each design mixture submitted, include an equivalent concrete mixture that does not cont...

	c. Other Action Submittal:
	1) Design Mixtures:  For each concrete mixture.


	2. Informational submittals
	a. Qualification Data:  For Installer, manufacturer, testing agency.
	b. Welding certificates.
	c. Material Certificates:  For each of the following, signed by manufacturers:
	1) Cementitious materials.
	2) Admixtures.
	3) Form materials and form-release agents.
	4) Steel reinforcement and accessories.
	5) Fiber reinforcement.
	6) Waterstops.
	7) Curing compounds.
	8) Floor and slab treatments.
	9) Bonding agents.
	10) Adhesives.
	11) Vapor retarders.
	12) Semirigid joint filler.
	13) Joint-filler strips.
	14) Repair materials.

	d. Material Test Reports:  For the following, from a qualified testing agency, indicating compliance with requirements:
	1) Aggregates.  Include service record data indicating absence of deleterious expansion of concrete due to alkali aggregate reactivity.

	e. Floor surface flatness and levelness measurements indicating compliance with specified tolerances.
	f. Field quality-control reports.
	g. Minutes of preinstallation conference.



	1.6 QUALITY ASSURANCE
	A. Welding:  Qualify procedures and personnel according to AWS D1.1/D1.1M, "Structural Welding Code - Steel."
	B. Comply with NFPA 70.

	1.7 COORDINATION
	A. Coordinate size and location of concrete bases.  Cast anchor-bolt inserts into bases.  Concrete, reinforcement, and formwork requirements are specified in "Concrete" Division Specification Sections.
	B. Coordinate installation of roof curbs, equipment supports, and roof penetrations.  These items are specified in "Thermal and Moisture Protection" Division Specification Section "Roof Accessories."


	PART 2 -  PRODUCTS
	2.1 SUPPORT, ANCHORAGE, AND ATTACHMENT COMPONENTS
	A. Steel Slotted Support Systems:  Comply with MFMA-4, factory-fabricated components for field assembly.
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Allied Tube & Conduit.
	b. Cooper B-Line, Inc.; a division of Cooper Industries.
	c. ERICO International Corporation.
	d. GS Metals Corp.
	e. Thomas & Betts Corporation.
	f. Unistrut; Tyco International, Ltd.
	g. Approved equal.

	3. Metallic Coatings:  Hot-dip galvanized after fabrication and applied according to MFMA-4.
	4. Nonmetallic Coatings:  Manufacturer's standard PVC, polyurethane, or polyester coating applied according to MFMA-4.
	5. Painted Coatings:  Manufacturer's standard painted coating applied according to MFMA-4.
	6. Channel Dimensions:  Selected for applicable load criteria.

	B. Nonmetallic Slotted Support Systems:  Structural-grade, factory-formed, glass-fiber-resin channels and angles with 9/16-inch- (14-mm-) diameter holes at a maximum of 8 inches (200 mm) o.c., in at least 1 surface.
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Allied Tube & Conduit.
	b. Cooper B-Line, Inc.; a division of Cooper Industries.
	c. Fabco Plastics Wholesale Limited.
	d. Seasafe, Inc.
	e. Approved equal.

	3. Fittings and Accessories:  Products of channel and angle manufacturer and designed for use with those items.
	4. Fitting and Accessory Materials:  Same as channels and angles , except metal items may be stainless steel.
	5. Rated Strength:  Selected to suit applicable load criteria.

	C. Raceway and Cable Supports:  As described in NECA 1 and NECA 101.
	D. Conduit and Cable Support Devices:  Steel and malleable-iron hangers, clamps, and associated fittings, designed for types and sizes of raceway or cable to be supported.
	E. Support for Conductors in Vertical Conduit:  Factory-fabricated assembly consisting of threaded body and insulating wedging plug or plugs for non-armored electrical conductors or cables in riser conduits.  Plugs shall have number, size, and shape o...
	F. Structural Steel for Fabricated Supports and Restraints:  ASTM A 36/A 36M, steel plates, shapes, and bars; black and galvanized.
	G. Mounting, Anchoring, and Attachment Components:  Items for fastening electrical items or their supports to building surfaces include the following:
	1. Powder-Actuated Fasteners:  Threaded-steel stud, for use in hardened portland cement concrete, steel, or wood, with tension, shear, and pullout capacities appropriate for supported loads and building materials where used.
	a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	b. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1) Hilti Inc.
	2) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
	3) MKT Fastening, LLC.
	4) Simpson Strong-Tie Co., Inc.; Masterset Fastening Systems Unit.
	5) Approved equal.


	2. Mechanical-Expansion Anchors:  Insert-wedge-type, [zinc-coated] [stainless] steel, for use in hardened portland cement concrete with tension, shear, and pullout capacities appropriate for supported loads and building materials in which used.
	a. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	b. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1) Cooper B-Line, Inc.; a division of Cooper Industries.
	2) Empire Tool and Manufacturing Co., Inc.
	3) Hilti Inc.
	4) ITW Ramset/Red Head; a division of Illinois Tool Works, Inc.
	5) MKT Fastening, LLC.
	6) Approved equal.


	3. Concrete Inserts:  Steel or malleable-iron, slotted support system units similar to MSS Type 18; complying with MFMA-4 or MSS SP-58.
	4. Clamps for Attachment to Steel Structural Elements:  MSS SP-58, type suitable for attached structural element.
	5. Through Bolts:  Structural type, hex head, and high strength.  Comply with ASTM A 325.
	6. Toggle Bolts:  All-steel springhead type.
	7. Hanger Rods:  Threaded steel.


	2.2 FABRICATED METAL EQUIPMENT SUPPORT ASSEMBLIES
	A. Description:  Welded or bolted, structural-steel shapes, shop or field fabricated to fit dimensions of supported equipment.
	B. Materials:  Comply with requirements in "Metals" Division Specification Section "Metal Fabrications" for steel shapes and plates.

	2.3 SUPPORT SYSTEMS NOT PERMITTED
	A. Unless specifically indicated otherwise, or in accordance with the National Electrical Code and with the written permission of the Engineer, the following means of securing or supporting shall not be used.
	1. Cables and raceways shall not be secured to or supported by ceiling grids.
	2. Cables and raceways shall not be secured to or supported by ceiling support assemblies, including ceiling support wires and rods.
	3. Cables and raceways shall not be used as a means to support other cables and raceways.
	4. Cables, raceways and electrical equipment shall not be secured to or supported by piping, ductwork or equipment of other trades.


	2.4 CONCRETE BASES
	A. General: Design electrical work concrete for 3000 psi 28-day compressive strength class:
	B. Portland Cement: ASTM C 150 Type I, except as otherwise indicated.
	C. Aggregates: ASTM C 33, except as otherwise indicated.
	D. Local Aggregate not complying with ASTM C 33 but which have shown by special test or actual service to produce concrete of adequate strength and durability may be used.
	E. Water: Clean and free of substances harmful to concrete.
	F. Mix for Patching: Where electrical work requires patching of exposed concrete, sidewalks or curbing which has been cut to accommodate electrical work, provide concrete patching mix of work being patched (same cement, aggregates, admixtures and prop...
	G. Job Site Mixing: Mix materials for concrete in drum-type batch machine mixer. For mixers of 1.0 cu. yd., or smaller capacity, continue mixing at least 1-1/2 minutes, but not more than 5 minutes after all ingredients are in mixer, before any part of...
	H. Forms for Concrete: Smooth lumber, plywood or other easy release material; reinforced to prevent excessive deflection or possibility of failure during placement of concrete; sufficiently heavy for construction to prevent leakage which would be harm...
	I. Exposed Corner Chamfer Strips: Provide wood, metal, plastic or rubber chamfer strips in forms at exposed external corners of concrete.
	J. Form Coating Compound: Commercially formulated compound, which will prevent bond of concrete to forms. Provide compound recommended by manufacturer for application indicated, and which will not stain concrete or subsequent painting of exposed surfa...
	K. Reinforcing Bars: Except as otherwise indicated, provide ASTM A 615, deformed, Grade 40 for size numbers 3 through 18; ASTM A 675, plain, Grade 50, for size number 2; sizes as shown.
	L. Steel Wire: ASTM A 82, plain, cold-drawn.


	PART 3 -  EXECUTION
	3.1 APPLICATION
	A. Comply with NECA 1 and NECA 101 for application of hangers and supports for electrical equipment and systems except if requirements in this Section are stricter.
	B. Maximum Support Spacing and Minimum Hanger Rod Size for Raceway:  Space supports for EMT , IMC, and RMC NFPA 70.  Minimum rod size shall be 1/4 inch (6 mm) in diameter.
	C. Multiple Raceways or Cables:  Install trapeze-type supports fabricated with steel slotted  support system, sized so capacity can be increased by at least 25  percent in future without exceeding specified design load limits.
	1. Secure raceways and cables to these supports with single-bolt conduit clamps or single-bolt conduit clamps using spring friction action for retention in support channel.

	D. Spring-steel clamps designed for supporting single conduits without bolts may be used for 1-1/2-inch (38-mm) and smaller raceways serving branch circuits and communication systems above suspended ceilings and for fastening raceways to trapeze suppo...
	E. Damp Locations and Outdoors:  Hot-dip galvanized materials or nonmetallic, U-channel system components.
	F. Dry Locations:  Steel materials.
	G. Support Clamps for PVC Raceways:  Click-type clamp system.
	H. Selection of Supports:  Comply with manufacturer's written instructions.
	I. Strength of Supports:  Adequate to carry present and future loads, times a safety factor of at least four; minimum of 200-lb (90-kg) design load.

	3.2 SUPPORT INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except as specified in this Article.
	B. Comply with mounting and anchoring requirements specified in Electrical Specification Section “Electrical Supports and Seismic Restraints”.
	C. Raceway Support Methods:  In addition to methods described in NECA 1, EMT , IMC, and RMC] may be supported by openings through structure members, as permitted in NFPA 70.
	D. Strength of Support Assemblies:  Where not indicated, select sizes of components so strength will be adequate to carry present and future static loads within specified loading limits.  Minimum static design load used for strength determination shal...
	E. Mounting and Anchorage of Surface-Mounted Equipment and Components:  Anchor and fasten electrical items and their supports to building structural elements by the following methods unless otherwise indicated by code:
	1. To Wood:  Fasten with lag screws or through bolts.
	2. To New Concrete:  Bolt to concrete inserts.
	3. To Masonry:  Approved toggle-type bolts on hollow masonry units and expansion anchor fasteners on solid masonry units.
	4. To Existing Concrete:  Expansion anchor fasteners.
	5. Instead of expansion anchors, powder-actuated driven threaded studs provided with lock washers and nuts may be used in existing standard-weight concrete 4 inches (100 mm) thick or greater.  Do not use for anchorage to lightweight-aggregate concrete...
	6. To Steel Beam clamps (MSS Type 19, 21, 23, 25, or 27) complying with MSS SP-69]
	7. To Light Steel:  Sheet metal screws.
	8. Items Mounted on Hollow Walls and Nonstructural Building Surfaces:  Mount cabinets, panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices on slotted-channel racks attached to substrate by mea...

	F. Drill holes for expansion anchors in concrete at locations and to depths that avoid reinforcing bars.
	G. Install support devices to securely and permanently fasten and support electrical components.
	H. Install individual and multiple raceway hangers and riser clamps to support raceways.  Provide U-bolts, clamps, attachments, and other hardware necessary for hanger assemblies and for securing hanger rods and conduits.
	I. Support parallel runs of horizontal raceways together on trapeze- or bracket-type hangers.
	J. Size supports for multiple raceway installations so capacity can be increased by a 25 percent minimum in the future.
	K. Support individual horizontal raceways with separate, malleable-iron pipe hangers or clamps.
	L. Install 1/4-inch- (6-mm-) diameter or larger threaded steel hanger rods, unless otherwise indicated.
	M. Spring-steel fasteners specifically designed for supporting single conduits or tubing may be used instead of malleable-iron hangers for 1-1/2-inch (38-mm) and smaller raceways serving lighting and receptacle branch circuits above suspended ceilings...
	N. Arrange supports in vertical runs so the weight of raceways and enclosed conductors is carried entirely by raceway supports, with no weight load on raceway terminals.
	O. Simultaneously install vertical conductor supports with conductors.
	P. Separately support cast boxes that are threaded to raceways and used for fixture support.  Support sheet metal boxes directly from the building structure or by bar hangers.  If bar hangers are used, attach bar to raceways on opposite sides of the b...
	Q. Install metal channel racks for mounting cabinets, panelboards, disconnect switches, control enclosures, pull and junction boxes, transformers, and other devices unless components are mounted directly to structural elements of adequate strength.
	R. Install sleeves for cable and raceway penetrations of concrete slabs and walls unless core-drilled holes are used.  Install sleeves for cable and raceway penetrations of masonry and fire-rated gypsum walls and of all other fire-rated floor and wall...
	S. Provide bushings on each end of sleeves used for cables. Use insulated bushings on sleeves 1-1/4-inch and larger.
	T. Do not support lighting fixtures, equipment, etc. from metal decks; provide channel iron spanning and fastened to two adjacent joists, beams, purlins, columns or girts to support anything heavier than branch circuit conduit and wiring.

	3.3 INSTALLATION OF FABRICATED METAL SUPPORTS
	A. Comply with installation requirements in "Metals" Division Specification Section "Metal Fabrications" for site-fabricated metal supports.
	B. Cut, fit, and place miscellaneous metal supports accurately in location, alignment, and elevation to support and anchor electrical materials and equipment.
	C. Field Welding:  Comply with AWS D1.1/D1.1M.

	3.4 CONCRETE BASES
	A. Construct concrete bases of dimensions indicated but not less than 4 inches (100 mm) larger in both directions than supported unit, and so anchors will be a minimum of 10 bolt diameters from edge of the base.
	B. Use 3000-psi (20.7-MPa), 28-day compressive-strength concrete.  Concrete materials, reinforcement, and placement requirements are specified in "Concrete" Division Specification Section.
	C. Anchor equipment to concrete base.
	1. Place and secure anchorage devices.  Use supported equipment manufacturer's setting drawings, templates, diagrams, instructions, and directions furnished with items to be embedded.
	2. Install anchor bolts to elevations required for proper attachment to supported equipment.
	3. Install anchor bolts according to anchor-bolt manufacturer's written instructions.


	3.5 PAINTING
	A. Touchup:  Clean field welds and abraded areas of shop paint.  Paint exposed areas immediately after erecting hangers and supports.  Use same materials as used for shop painting.  Comply with SSPC-PA 1 requirements for touching up field-painted surf...
	1. Apply paint by brush or spray to provide minimum dry film thickness of 2.0 mils (0.05 mm).

	B. Touchup:  Comply with requirements in "Finishes" Division Specification Sections "Painting" and "High Performance Coatings" for cleaning and touchup painting of field welds, bolted connections, and abraded areas of shop paint on miscellaneous metal.
	C. Galvanized Surfaces:  Clean welds, bolted connections, and abraded areas and apply galvanizing-repair paint to comply with ASTM A 780.



	260533 Raceways and Boxes for Electrical Systems
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Metal conduits, tubing, and fittings.
	2. Nonmetal conduits, tubing, and fittings.
	3. Metal wireways and auxiliary gutters.
	4. Nonmetal wireways and auxiliary gutters.
	5. Surface raceways.
	6. Boxes, enclosures, and cabinets.
	7. Handholes and boxes for exterior underground cabling.

	B. Related Requirements:
	1. Section 260543 "Underground Ducts and Raceways for Electrical Systems" for exterior ductbanks, manholes, and underground utility construction.
	2. Section 270528 "Pathways for Communications Systems" for conduits, wireways, surface pathways, innerduct, boxes, faceplate adapters, enclosures, cabinets, and handholes serving communications systems.
	3. Section 280528 "Pathways for Electronic Safety and Security" for conduits, surface pathways, innerduct, boxes, and faceplate adapters serving electronic safety and security.


	1.2 DEFINITIONS
	A. EMT:  Electrical metallic tubing.
	B. ENT:  Electrical nonmetallic tubing.
	C. FMC:  Flexible metal conduit.
	D. GRC:  Galvanized rigid steel conduit.
	E. LFMC:  Liquidtight flexible metal conduit.
	F. LFNC:  Liquidtight flexible nonmetallic conduit.
	G. PVC:  Polyvinyl chloride conduit.
	H. RNC:  Rigid nonmetallic conduit.

	1.3 ACTION SUBMITTALS
	A. Product Data:  For surface raceways, wireways and fittings, floor boxes, hinged-cover enclosures, and cabinets.
	B. Shop Drawings:  For custom enclosures and cabinets.  Include plans, elevations, sections, and attachment details.
	C. Samples:  For wireways nonmetallic wireways and surface raceways and for each color and texture specified, 12 inches (300 mm)  long.

	1.4 INFORMATIONAL SUBMITTALS
	A. Coordination Drawings:  Conduit routing plans, drawn to scale, on which the following items are shown and coordinated with each other, using input from installers of items involved:
	1. Structural members in paths of conduit groups with common supports.
	2. HVAC and plumbing items and architectural features in paths of conduit groups with common supports.

	B. Qualification Data:  For professional engineer.
	C. Seismic Qualification Certificates:  For enclosures, cabinets, and conduit racks and their mounting provisions; including those for internal components, from manufacturer.
	1. Basis for Certification:  Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit:  Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.
	4. Detailed description of conduit support devices and interconnections on which the certification is based and their installation requirements.

	D. Source quality-control reports.


	PART 2 -  PRODUCTS
	2.1 METAL CONDUITS, TUBING, AND FITTINGS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. AFC Cable Systems, Inc.
	2. Allied Tube & Conduit; a Tyco International Ltd. Co.
	3. Anamet Electrical, Inc.
	4. Electri-Flex Company.
	5. O-Z/Gedney; a brand of EGS Electrical Group.
	6. Picoma Industries, a subsidiary of Mueller Water Products, Inc.
	7. Republic Conduit.
	8. Robroy Industries.
	9. Southwire Company.
	10. Thomas & Betts Corporation.
	11. Western Tube and Conduit Corporation.
	12. Wheatland Tube Company; a division of John Maneely Company.
	13. Approved equal.

	B. Listing and Labeling:  Metal conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. GRC:  Comply with ANSI C80.1 and UL 6.
	D. ARC:  Comply with ANSI C80.5 and UL 6A.
	E. IMC:  Comply with ANSI C80.6 and UL 1242.
	F. PVC-Coated Steel Conduit:  PVC-coated , rigid steel conduit, IMC.
	1. Comply with NEMA RN 1.
	2. Coating Thickness:  0.040 inch (1 mm), minimum.

	G. EMT:  Comply with ANSI C80.3 and UL 797.
	H. FMC:  Comply with UL 1; zinc-coated steel
	I. LFMC:  Flexible steel conduit with PVC jacket and complying with UL 360.
	J. Fittings for Metal Conduit:  Comply with NEMA FB 1 and UL 514B.
	1. Conduit Fittings for Hazardous (Classified) Locations:  Comply with UL 886 and NFPA 70.
	2. Fittings for EMT:
	a. Material:  Steel
	b. Type: compression, [raintight for outdoor applications],

	3. Expansion Fittings:  PVC or steel to match conduit type, complying with UL 651, rated for environmental conditions where installed, and including flexible external bonding jumper.
	4. Coating for Fittings for PVC-Coated Conduit:  Minimum thickness of 0.040 inch (1 mm), with overlapping sleeves protecting threaded joints.

	K. Joint Compound for IMC, GRC, or ARC:  Approved, as defined in NFPA 70, by authorities having jurisdiction for use in conduit assemblies, and compounded for use to lubricate and protect threaded conduit joints from corrosion and to enhance their con...

	2.2 NONMETALLIC CONDUITS, TUBING, AND FITTINGS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. AFC Cable Systems, Inc.
	2. Anamet Electrical, Inc.
	3. Arnco Corporation.
	4. CANTEX Inc.
	5. CertainTeed Corp.
	6. Condux International, Inc.
	7. Electri-Flex Company.
	8. Kraloy.
	9. Lamson & Sessions; Carlon Electrical Products.
	10. Niedax-Kleinhuis USA, Inc.
	11. RACO; a Hubbell company.
	12. Thomas & Betts Corporation.
	13. Approved equal.

	B. Listing and Labeling:  Nonmetallic conduits, tubing, and fittings shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	C. ENT:  Comply with NEMA TC 13 and UL 1653.
	D. RNC:  Type EPC-40-PVC , complying with NEMA TC 2 and UL 651 unless otherwise indicated.
	E. LFNC:  Comply with UL 1660.
	F. Rigid HDPE:  Comply with UL 651A.
	G. Continuous HDPE:  Comply with UL 651B.
	H. Coilable HDPE:  Preassembled with conductors or cables, and complying with ASTM D 3485.
	I. RTRC:  Comply with UL 1684A and NEMA TC 14.
	J. Fittings for ENT and RNC:  Comply with NEMA TC 3; match to conduit or tubing type and material.
	K. Fittings for LFNC:  Comply with UL 514B.
	L. Solvent cements and adhesive primers shall have a VOC content of 510 and 550 g/L or less, respectively, when calculated according to 40 CFR 59, Subpart D (EPA Method 24).
	M. Solvent cements and adhesive primers shall comply with the testing and product requirements of the California Department of Health Services' "Standard Practice for the Testing of Volatile Organic Emissions from Various Sources Using Small-Scale Env...
	N. Transition to metal conduit or connect to metal floor boxes with concrete tight fittings.
	1. Use female adapter for transition to galvanized threaded rigid steel conduit.
	2. Use female adapter and EMT connector for transition to electrical metallic tubing.
	3. Use male terminal adapters for connection to cast metal floor boxes.
	4. Use male terminal adapters with flat washers and PVC locknuts for connection to stamped steel floor boxes.


	2.3 OPTICAL FIBER/COMMUNICATIONS CABLE RACEWAY AND FITTINGS
	A. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	B. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Arnco Corporation
	2. Endot Industries, Inc.
	3. IPEX, Inc.
	4. Lamson & Sessions; Carlon Electrical Products.
	5. Approved equal.

	C. Description:  Comply with UL 2024; flexible type, approved for plenum  installation

	2.4 METAL WIREWAYS AND AUXILIARY GUTTERS
	A. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	1. Cooper B-Line, Inc.
	2. Hoffman; a Pentair company.
	3. Mono-Systems, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Approved equal.

	B. Description:  Sheet metal, complying with UL 870 and NEMA 250, Type 1, indoors Type 3R outdoors or wet locations Type 4 Type 12  unless otherwise indicated, and sized according to NFPA 70.
	1. Metal wireways installed outdoors shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	C. Fittings and Accessories:  Include covers, couplings, offsets, elbows, expansion joints, adapters, hold-down straps, end caps, and other fittings to match and mate with wireways as required for complete system.
	D. Wireway Covers:  Hinged type  unless otherwise indicated.
	E. Finish:  Manufacturer's standard enamel finish.

	2.5 SURFACE RACEWAYS
	A. Surface Metal Raceways:  Galvanized steel with snap-on covers complying with UL 5.  Manufacturer's standard ivory enamel finish
	1. Manufacturers:  Subject to compliance with requirements available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	a. Mono-Systems, Inc.
	b. Panduit Corp.
	c. Wiremold / Legrand.
	d. Approved equal.


	B. Tele-Power Poles:
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following
	a. Mono-Systems, Inc.
	b. Panduit Corp.
	c. Wiremold / Legrand.
	d. Approved equal..

	2. Material:  Galvanized steel with ivory baked-enamel finish.
	3. Fittings and Accessories:  Dividers, end caps, covers, cutouts, wiring harnesses, devices, mounting materials, and other fittings shall match and mate with tele-power pole as required for complete system.


	2.6 BOXES, ENCLOSURES, AND CABINETS
	A. Manufacturers:  Subject to compliance with requirements, available manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	1. Adalet.
	2. Cooper Technologies Company; Cooper Crouse-Hinds.
	3. EGS/Appleton Electric.
	4. Erickson Electrical Equipment Company.
	5. FSR Inc.
	6. Hoffman; a Pentair company.
	7. Hubbell Incorporated; Killark Division.
	8. Kraloy.
	9. Milbank Manufacturing Co.
	10. Mono-Systems, Inc.
	11. O-Z/Gedney; a brand of EGS Electrical Group.
	12. RACO; a Hubbell Company.
	13. Robroy Industries.
	14. Spring City Electrical Manufacturing Company.
	15. Stahlin Non-Metallic Enclosures; a division of Robroy Industries.
	16. Thomas & Betts Corporation.
	17. Wiremold / Legrand.
	18. Approved equal.

	B. General Requirements for Boxes, Enclosures, and Cabinets:  Boxes, enclosures, and cabinets installed in wet locations shall be listed for use in wet locations.
	C. Sheet Metal Outlet and Device Boxes:  Comply with NEMA OS 1 and UL 514A.
	D. Cast-Metal Outlet and Device Boxes:  Comply with NEMA FB 1, ferrous alloy Type FD, with gasketed cover.
	E. Nonmetallic Outlet and Device Boxes:  Comply with NEMA OS 2 and UL 514C.
	F. Metal Floor Boxes:
	1. Comply with NEMA OS 1 and UL 514A.
	2. Material:  Cast metal in slabs on or below grade
	3. Type:  Fully adjustable
	4. Shape:  Rectangular.
	5. Listing and Labeling:  Metal floor boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	G. Nonmetallic Floor Boxes:  Nonadjustable, round for single device outlets; rectangular for multiple device outlets.
	1. Listing and Labeling:  Nonmetallic floor boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	H. Floor Box Covers and Flanges:  Brass or cast aluminum, polished satin finish. UL listed for scrub water exclusion]
	I. Luminaire Outlet Boxes:  Nonadjustable, designed for attachment of luminaire weighing 50 lb (23 kg).  Outlet boxes designed for attachment of luminaires weighing more than 50 lb (23 kg) shall be listed and marked for the maximum allowable weight.
	J. Paddle Fan Outlet Boxes:  Nonadjustable, designed for attachment of paddle fan weighing 70 lb (32 kg).
	1. Listing and Labeling: Paddle fan outlet boxes shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	K. Small Sheet Metal Pull and Junction Boxes:  NEMA OS 1.
	L. Cast-Metal Access, Pull, and Junction Boxes:  Comply with NEMA FB 1 and UL 1773, galvanized, cast iron with gasketed cover.
	M. Box extensions used to accommodate new building finishes shall be of same material as recessed box.
	N. Device Box Dimensions:  4 inches square by 2-1/8 inches deep (100 mm square by 60 mm deep)
	O. Gangable boxes are allowed
	P. Hinged-Cover Enclosures:  Comply with UL 50 and NEMA 250, Type 1 indoors, Type 3R outdoors or wet locations > with continuous-hinge cover with flush latch unless otherwise indicated.
	1. Metal Enclosures:  Steel, finished inside and out with manufacturer's standard enamel.
	2. Nonmetallic Enclosures:  Plastic
	3. Interior Panels:  Steel; all sides finished with manufacturer's standard enamel.

	Q. Cabinets:
	1. NEMA 250, Type 1 indoors, Type 3R outdoors or wet location Type 12 galvanized-steel box with removable interior panel and removable front, finished inside and out with manufacturer's standard enamel.
	2. Hinged door in front cover with flush latch and concealed hinge.
	3. Key latch to match panelboards.
	4. Metal barriers to separate wiring of different systems and voltage.
	5. Accessory feet where required for freestanding equipment.
	6. Nonmetallic cabinets shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.


	2.7 HANDHOLES AND BOXES FOR EXTERIOR UNDERGROUND WIRING
	A. General Requirements for Handholes and Boxes:
	1. Boxes and handholes for use in underground systems shall be designed and identified as defined in NFPA 70, for intended location and application.
	2. Boxes installed in wet areas shall be listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.

	B. Polymer-Concrete Handholes and Boxes with Polymer-Concrete Cover:  Molded of sand and aggregate, bound together with polymer resin, and reinforced with steel, fiberglass, or a combination of the two.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Armorcast Products Company.
	b. Carson Industries LLC.
	c. CDR Systems Corporation; Hubbell Power Systems.
	d. Oldcastle Precast, Inc.; Christy Concrete Products.
	e. Approved equal.

	2. Standard:  Comply with SCTE 77.
	3. Configuration:  Designed for flush burial with  closed bottom unless otherwise indicated.
	4. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure and handhole location.
	5. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
	6. Cover Legend:  Molded lettering, ["ELECTRIC."]  or as required to indicate type of service.
	7. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.
	8. Handholes [12 Inches Wide by 24 Inches Long (300 mm Wide by 600 mm Long)]  and Larger:  Have inserts for cable racks and pulling-in irons installed before concrete is poured.

	C. Fiberglass Handholes and Boxes:  Molded of fiberglass-reinforced polyester resin, with frame and covers of fiberglass.
	1. Manufacturers:  Subject to compliance with requirements,  provide products by one of the following:
	a. Armorcast Products Company.
	b. Carson Industries LLC.
	c. CDR Systems Corporation; Hubbell Power Systems.
	d. Oldcastle Precast, Inc.; Christy Concrete Products.
	e. Approved equal.

	2. Standard:  Comply with SCTE 77.
	3. Color of Frame and Cover:  Gray .
	4. Configuration:  Designed for flush burial with closed bottom unless otherwise indicated.
	5. Cover:  Weatherproof, secured by tamper-resistant locking devices and having structural load rating consistent with enclosure and handhole location.
	6. Cover Finish:  Nonskid finish shall have a minimum coefficient of friction of 0.50.
	7. Cover Legend:  Molded lettering, "ELECTRIC." or as required to indicate type of service.
	8. Conduit Entrance Provisions:  Conduit-terminating fittings shall mate with entering ducts for secure, fixed installation in enclosure wall.
	9. Handholes 12 Inches Wide by 24 Inches Long (300 mm Wide by 600 mm Long) and Larger:  Have inserts for cable racks and pulling-in irons installed before concrete is poured.

	D. High Density Plastic Boxes:  Injection molded of high-density polyethylene or copolymer-polypropylene.  See Edition Instruction No. 1 in the Evaluations for cautions about naming manufacturers and products.  Retain one of three subparagraphs and li...
	1. Available Manufacturers:  Subject to compliance with requirements, manufacturers offering products that may be incorporated into the Work include, but are not limited to, the following:
	2. Manufacturers:  Subject to compliance with requirements, provide products by one of the following
	3. Basis of Design Product:  Subject to compliance with requirements, provide[the product indicated on Drawings] <Insert manufacturer’s name; product name or designation> or a comparable product by one of the following:
	a. Carson Industries LLC.
	b. Nordic Fiberglass, Inc.
	c. PenCell Plastics.
	d. Approved equal.



	2.8 SOURCE QUALITY CONTROL FOR UNDERGROUND ENCLOSURES
	A. Handhole and Pull-Box Prototype Test:  Test prototypes of handholes and boxes for compliance with SCTE 77.  Strength tests shall be for specified tier ratings of products supplied.
	1. Tests of materials shall be performed by an independent testing agency.
	2. Strength tests of complete boxes and covers shall be by either an independent testing agency or manufacturer.  A qualified registered professional engineer shall certify tests by manufacturer.
	3. Testing machine pressure gages shall have current calibration certification complying with ISO 9000 and ISO 10012 and traceable to NIST standards.



	PART 3 -  EXECUTION
	3.1 RACEWAY APPLICATION
	A. Outdoors:  Apply raceway products as specified below unless otherwise indicated:
	1. Exposed Conduit:  GRC.
	2. Unless otherwise indicated, use rigid steel conduit with threaded steel fittings for all medium voltage applications.
	3. Concealed Conduit, Aboveground:  GRC
	a. Unless otherwise indicated, use rigid steel conduit with threaded steel fittings for all medium voltage applications.

	4. Underground Conduit:  RNC, Type EPC-40-PVC or Type EPC-80-PVC, concrete encased.
	a. Unless otherwise indicated, use RNC, Type EPC-40 with concrete encasement for medium voltage cables.
	b. Use concrete encasement for raceways passing under roadways, parking areas, and other areas subject to heavy vehicular traffic.

	5. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  LFMC.
	6. Boxes and Enclosures, Aboveground:  NEMA 250, Type 3R unless otherwise indicated.

	B. Indoors:  Apply raceway products as specified below unless otherwise indicated:
	1. Raceways for Medium Voltage Cables:  Unless otherwise indicated, use rigid steel conduit with threaded steel fittings for all indoor medium voltage cable applications.
	2. Exposed, Not Subject to Physical Damage:  EMT
	3. Exposed, Not Subject to Severe Physical Damage:  EMT
	4. Exposed and Subject to Severe Physical Damage:  GRC.  Raceway locations include the following:
	a. Loading dock.
	b. Corridors used for traffic of mechanized carts, forklifts, and pallet-handling units.
	c. Mechanical rooms.

	5. Concealed in Ceilings and Interior Walls and Partitions:  EMT
	6. In Concrete Slabs:   RNC, Type EPC 40 PVC with concrete-tight fittings and PVC elbow stub-ups with transition to EMT.
	7. Connection to Vibrating Equipment (Including Transformers and Hydraulic, Pneumatic, Electric Solenoid, or Motor-Driven Equipment):  FMC, except use LFMC in damp or wet locations.
	8. Damp or Wet Locations:  GRC
	9. Raceways for Optical Fiber or Communications Cable in Spaces Used for Environmental Air:  Plenum-type, optical fiber/communications cable raceway or EMT
	10. Raceways for Optical Fiber or Communications Cable Risers in Vertical Shafts:  [Riser-type, optical fiber/communications cable raceway or EMT
	11. Raceways for Concealed General Purpose Distribution of Optical Fiber or Communications Cable:  Plenum-type, optical fiber/communications cable raceway or EMT
	12. Boxes and Enclosures:  NEMA 250, Type 1, except use NEMA 250, Type 4 stainless steel in institutional and commercial kitchens and damp or wet locations.

	C. Minimum Raceway Size:  3/4-inch (21-mm) trade size.
	D. Raceway Fittings:  Compatible with raceways and suitable for use and location.
	1. Rigid and Intermediate Steel Conduit:  Use threaded rigid steel conduit fittings unless otherwise indicated.  Comply with NEMA FB 2.10.
	2. PVC Externally Coated, Rigid Steel Conduits:  Use only fittings listed for use with this type of conduit.  Patch and seal all joints, nicks, and scrapes in PVC coating after installing conduits and fittings.  Use sealant recommended by fitting manu...
	3. EMT:  Use setscrew steel fittings.  Use raintight steel compression fittings in wet locations..  Comply with NEMA FB 2.10.
	4. Flexible Conduit:  Use only fittings listed for use with flexible conduit.  Comply with NEMA FB 2.20.

	E. Install nonferrous conduit or tubing for circuits operating above 60 Hz.  Where aluminum raceways are installed for such circuits and pass through concrete, install in nonmetallic sleeve.
	F. Do not install aluminum conduits, boxes, or fittings in contact with concrete or earth.
	G. Install surface raceways only where indicated on Drawings.
	H. Do not install nonmetallic conduit where ambient temperature exceeds 120 deg F (49 deg C)
	I. Hazardous Locations: Use rigid steel conduit and threaded fittings of NEMA type listed and labeled for the location and class of hazard indicated.

	3.2 INSTALLATION
	A. Comply with NECA 1 and NECA 101 for installation requirements except where requirements on Drawings or in this article are stricter.  Comply with NFPA 70 limitations for types of raceways allowed in specific occupancies and number of floors.
	B. Keep raceways at least 6 inches (150 mm) away from parallel runs of flues and steam or hot-water pipes.  Install horizontal raceway runs above water and steam piping.
	C. Complete raceway installation before starting conductor installation.
	D. Comply with requirements in Electrical Specifications Section "Hangers and Supports for Electrical Systems" for hangers and supports.
	E. Arrange stub-ups so curved portions of bends are not visible above finished slab.
	F. Install no more than the equivalent of three 90-degree bends in any conduit run except for control wiring conduits, for which fewer bends are allowed.  Support within 12 inches (300 mm) of changes in direction.
	G. Conceal conduit and EMT within finished walls, ceilings, and floors unless otherwise indicated.  Install conduits parallel or perpendicular to building lines.
	H. Support conduit within 12 inches (300 mm)of enclosures to which attached.
	I. Raceways Embedded in Slabs:
	1. Install in middle 1/3 of slab thickness where practical and leave at least 2 inches (50 mm) of concrete cover.
	2. Do not install raceways in slabs less than 6-inches thick without written permission of the Architect and/or Structural Engineer.
	3. Secure raceways to reinforcing rods to prevent sagging or shifting during concrete placement
	4. Space raceways laterally to prevent voids in concrete.
	5. Run conduit larger than 1-inch (27-mm) trade size, parallel or at right angles to main reinforcement.  Where at right angles to reinforcement, place conduit close to slab support.  Secure raceways to reinforcement at maximum 10-foot (3-m)intervals.
	6. Arrange raceways to cross building expansion joints at right angles with expansion fittings.
	7. Arrange raceways to keep a minimum of 2 inches (50 mm)  of concrete cover in all directions.
	8. Do not embed threadless fittings in concrete unless specifically approved by Architect for each specific location.
	9. Change from ENT to GRC rising above floor.

	J. Stub-ups to Above Recessed Ceilings:
	1. Use EMT, IMC, or RMC for raceways.
	2. Use a conduit bushing or insulated fitting to terminate stub-ups not terminated in hubs or in an enclosure.

	K. Install no more than the equivalent of three 90-degree bends in any conduit run except for communications conduits, for which fewer bends are allowed.
	L. Conceal conduit and EMT within finished wall, ceilings, and floors, unless otherwise indicated.
	M. Threaded Conduit Joints, Exposed to Wet, Damp, Corrosive, or Outdoor Conditions:  Apply listed compound to threads of raceway and fittings before making up joints.  Follow compound manufacturer's written instructions.
	N. Coat field-cut threads on PVC-coated raceway with a corrosion-preventing conductive compound prior to assembly.
	O. Raceway Terminations at Locations Subject to Moisture or Vibration:  Use insulating bushings to protect conductors including conductors smaller than No. 4 AWG.
	P. Terminate threaded conduits into threaded hubs or with locknuts on inside and outside of boxes or cabinets.  Install bushings on conduits up to 1-1/4-inch (35mm) trade size and insulated throat metal bushings on 1-1/2-inch (41-mm) trade size and la...
	Q. Install raceways square to the enclosure and terminate at enclosures with locknuts.  Install locknuts hand tight plus 1/4 turn more.
	R. Do not rely on locknuts to penetrate nonconductive coatings on enclosures.  Remove coatings in the locknut area prior to assembling conduit to enclosure to assure a continuous ground path.
	S. Cut conduit perpendicular to the length.  For conduits 2-inch (53-mm) trade size and larger, use roll cutter or a guide to make cut straight and perpendicular to the length.
	T. Install pull wires in empty raceways.  Use polypropylene or monofilament plastic line with not less than 200-lb (90-kg) tensile strength.  Leave at least 12 inches (300 mm) of slack at each end of pull wire.  Cap underground raceways designated as ...
	U. Raceways for Optical Fiber and Communications Cable:  Install raceways, metallic and nonmetallic, rigid and flexible, as follows:
	1. 3/4-Inch (19-mm) Trade Size and Smaller:  Install raceways in maximum lengths of 50 feet (15m).
	2. 1-Inch (25-mm) Trade Size and Larger:  Install raceways in maximum lengths of 75 feet (23m).
	3. Install with a maximum, of two 90-degree bends or equivalent for each length of raceway unless Drawings show stricter requirements.  Separate lengths with pull or junction boxes or terminations at distribution frames or cabinets where necessary to ...

	V. Install electrical nonmetallic tubing and electrical flexible tubing inside conduits where indicated for telecommunications, video or data cables.
	W. Surface Raceways:
	1. Install surface raceway with a minimum 2-inch (50-mm)radius control at bend points.
	2. Secure surface raceway with screws or other anchor-type devices at intervals not exceeding 48 inches (1200 mm) and with no less than two supports per straight raceway section.  Support surface raceway according to manufacturer's written instruction...

	X. Install raceway sealing fittings at accessible locations according to NFPA 70 and fill them with listed sealing compound.  For concealed raceways, install each fitting in a flush steel box with a blank cover plate having a finish similar to that of...
	Y. Install devices to seal raceway interiors at accessible locations.  Locate seals so no fittings or boxes are between the seal and the following changes of environments.  Seal the interior of all raceways at the following points:
	1. Where conduits pass from warm to cold locations, such as boundaries of refrigerated spaces.
	2. Where an underground service raceway enters a building or structure.
	3. Where otherwise required by NFPA 70.

	Z. Comply with manufacturer's written instructions for solvent welding RNC and fittings.
	AA. Expansion-Joint Fittings:
	1. Install in each run of aboveground RNC that is located where environmental temperature change may exceed 30 deg F (17 deg C) and that has straight-run length that exceeds 25 feet (7.6 m).  Install in each run of aboveground RMC and EMT conduit that...
	2. Install type and quantity of fittings that accommodate temperature change listed for each of the following locations:
	a. Outdoor Locations Not Exposed to Direct Sunlight:  [125 deg F (70 deg C)]  temperature change.
	b. Outdoor Locations Exposed to Direct Sunlight:  [155 deg F (86 deg C)] temperature change.
	c. Indoor Spaces Connected with Outdoors without Physical Separation:  [125 deg F (70 deg C)]  temperature change.
	d. Attics:  [135 deg F (75 deg C)]  temperature change.

	3. Install fitting(s) that provide expansion and contraction for at least 0.00041 inch per foot of length of straight run per deg F (0.06 mm per meter of length of straight run per deg C) of temperature change for PVC conduits.  Install fitting(s) tha...
	4. Install expansion fittings at all locations where conduits cross building or structure expansion joints.
	5. Install each expansion-joint fitting with position, mounting, and piston setting selected according to manufacturer's written instructions for conditions at specific location at time of installation.  Install conduit supports to allow for expansion...

	BB. Flexible Conduit Connections:  Comply with NEMA RV 3.  Use a maximum of 72 inches (1830 mm) of flexible conduit for recessed and semirecessed luminaires, equipment subject to vibration, noise transmission, or movement; and for transformers and mot...
	1. Use LFMC in damp or wet locations subject to severe physical damage.
	2. Use LFMC or LFNC in damp or wet locations not subject to severe physical damage.

	CC. Mount boxes at heights indicated on Drawings.  If mounting heights of boxes are not individually indicated, give priority to ADA requirements.  Install boxes with height measured to bottom of box unless otherwise indicated.
	DD. Recessed Boxes in Masonry Walls:  Saw-cut opening for box in center of cell of masonry block, and install box flush with surface of wall.  Prepare block surfaces to provide a flat surface for a raintight connection between box and cover plate or s...
	EE. Horizontally separate boxes mounted on opposite sides of walls so they are not in the same vertical channel.
	FF. Locate boxes so that cover or plate will not span different building finishes.
	GG. Support boxes of three gangs or more from more than one side by spanning two framing members or mounting on brackets specifically designed for the purpose.
	HH. Fasten junction and pull boxes to or support from building structure.  Do not support boxes by conduits.
	II. Recessed Boxes in Fire Rated Walls and Partitions:  Provide steel electrical boxes or listed electrical boxes in maximum two-hour fire-resistant walls and partitions in accordance with International Building Code “Penetrations”.
	1. Steel electrical boxes shall not exceed the area specified in International Building Code “Penetrations”.  The maximum membrane penetration shall not exceed the maximum area per unit area of wall or partition specified in International Building Cod...
	2. Listed electrical boxes shall be installed in accordance with the instructions included in the listing.
	3. Electrical boxes in opposite sides of fire-resistant walls and partitions with a maximum two-hour rating shall be steel and shall be separated as specified in International Building Code “Penetrations”.

	JJ. Set metal floor boxes level and flush with finished floor surface.
	KK. Set nonmetallic floor boxes level.  Trim after installation to fit flush with finished floor surface.
	LL. Use suitable boxes and flanges for wood, carpet, and tile floor.  Allow for movement of wood floors.
	MM. Provide flush tile flanges in gym floors.
	NN. Provide flush tile flanges in rooms and spaces to receive floor tile.  Refer to finish schedule.
	OO. Provide carpet flanges to cover the cut carpet edges in rooms and spaces to receive carpeting.  Refer to finish schedule.
	PP. Select floor boxes and flanges for use in wood floors to cover filler material and provide adequate support for devices and plates.
	QQ. Installed hinged cover enclosures and cabinets plumb.  Support at each corner.
	RR. Do not install nonmetallic conduit, boxes, or fittings in plenums or in spaces used for the supply, return, or exhaust of environmental air.
	SS. Telecommunications:  Where indicated, provide orange electrical flexible tubing (EFT) and/or yellow electrical nonmetallic tubing (ENT) in telephone and communications raceways.  Tubing shall be installed in continuous lengths within the conduits ...

	3.3 INSTALLATION OF UNDERGROUND CONDUIT
	A. Direct-Buried Conduit:
	1. Excavate trench bottom to provide firm and uniform support for conduit.  Prepare trench bottom as specified in Section "Earth Moving" for pipe less than 6 inches (150 mm) in nominal diameter.
	2. Install backfill as specified in Section "Earth Moving."
	3. After installing conduit, backfill and compact.  Start at tie-in point, and work toward end of conduit run, leaving conduit at end of run free to move with expansion and contraction as temperature changes during this process.  Firmly hand tamp back...
	4. Install manufactured duct elbows for stub-ups at poles and equipment and at building entrances through floor unless otherwise indicated.  Encase elbows for stub-up ducts throughout length of elbow.
	5. Install manufactured rigid steel conduit elbows for stub-ups at poles and equipment and at building entrances through floor.
	a. Couple steel conduits to ducts with adapters designed for this purpose, and encase coupling with 3 inches (75 mm) of concrete for a minimum of 12 inches (300 mm) on each side of the coupling.
	b. For stub-ups at equipment mounted on outdoor concrete bases and where conduits penetrate building foundations, extend steel conduit horizontally a minimum of 60 inches (1500 mm) from edge of foundation or equipment base.  Install insulated groundin...

	6. Warning Planks:  Bury warning planks approximately 12 inches (300 mm) above direct-buried conduits but a minimum of 6 inches (150 mm) below grade.  Align planks along centerline of conduit.
	7. Underground Warning Tape:  Comply with requirements in Section "Identification for Electrical Systems."

	B. Conduits run beneath slabs on unstable soil shall be supported from the slab using stainless steel rod bar ties at intervals indicated in NFPA 70.  The lower ends of the rods shall be bent around the conduit and secured with two full twists of the ...

	3.4 APPLICATION OF UNDERGROUND HANDHOLES AND BOXES
	A. Handholes and Boxes for 600 V and Less Including Telephone, Communications, and Data Wiring:
	1. Units in Driveway, Parking Lot, and Off-Roadway Locations, Subject to occasional, Nondeliberate Loading by Heavy Vehicles:  Precast concrete, AASHTO HB 17, H-20 or Polymer concrete, SCTE 77, Tier 15 structural load rating.
	2. Units in Sidewalk and similar Applications with a safety Factor for Nondeliberate Loading by Vehicles:  Precast concrete, AASHTO HB 17, H-10 or Polymer concrete units, SCTE 77, Tier structural load rating.
	3. Units Subject to Light-Duty Pedestrian Traffic Only:  Fiberglass-reinforced polyester resin] or [High-density plastic, structurally tested according to SCTE 77 with 3000-lbf (13 345-N) vertical loading.


	3.5 INSTALLATION OF UNDERGROUND HANDHOLES AND BOXES
	A. Install handholes and boxes level and plumb and with orientation and depth coordinated with connecting conduits to minimize bends and deflections required for proper entrances.
	B. Unless otherwise indicated, support units on a level bed of crushed stone or gravel, graded from 1/2-inch (12.5-mm) sieve to No. 4 (4.75-mm) sieve and compacted to same density as adjacent undisturbed earth.
	C. Elevation:  In paved areas, set so cover surface will be flush with finished grade.  Set covers of other enclosures 1 inch (25 mm) above finished grade.
	D. Install handholes with bottom below frost line, 36” below grade.
	E. Install removable hardware, including pulling eyes, cable stanchions, cable arms, and insulators, as required for installation and support of cables and conductors and as indicated.  Select arm lengths to be long enough to provide spare space for f...
	F. Field-cut openings for conduits according to enclosure manufacturer's written instructions.  Cut wall of enclosure with a tool designed for material to be cut.  Size holes for terminating fittings to be used, and seal around penetrations after fitt...

	3.6 SLEEVE AND SLEEVE-SEAL INSTALLATION FOR ELECTRICAL PENETRATIONS
	A. Install sleeves and sleeve seals at penetrations of exterior floor and wall assemblies.  Comply with requirements in Electrical Specification Section "Sleeves and Sleeve Seals for Electrical Raceways and Cabling."

	3.7 FIRESTOPPING
	A. Install firestopping at penetrations of fire-rated floor and wall assemblies.  Comply with requirements in Electrical Specification Section "Penetration Firestopping."

	3.8 PROTECTION
	A. Protect coatings, finishes, and cabinets from damage and deterioration.
	1. Repair damage to galvanized finishes with zinc-rich paint recommended by manufacturer.
	2. Repair damage to PVC coatings or paint finishes with matching touchup coating recommended by manufacturer.




	260544 Sleeves and Sleeve Seals for Raceways and Cabling
	PART 1 -  GENERAL
	1.1 SUMMARY
	A. Section Includes:
	1. Sleeves for raceway and cable penetration of non-fire-rated construction walls and floors.
	2. Sleeve-seal systems.
	3. Sleeve-seal fittings.
	4. Grout.
	5. Silicone sealants.

	B. Related Requirements:
	1. Electrical Specification Section 078413 "Penetration Firestopping" for penetration firestopping installed in fire-resistance-rated walls, horizontal assemblies, and smoke barriers, with and without penetrating items.


	1.2 ACTION SUBMITTALS
	A. Product Data:  For each type of product.


	PART 2 -  PRODUCTS
	2.1 SLEEVES
	A. Wall Sleeves:
	1. Steel Pipe Sleeves:  ASTM A 53/A 53M, Type E, Grade B, Schedule 40, zinc coated, plain ends.
	2. Cast-Iron Pipe Sleeves:  Cast or fabricated "wall pipe," equivalent to ductile-iron pressure pipe, with plain ends and integral waterstop unless otherwise indicated.

	B. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:  Galvanized-steel sheet; 0.0239-inch (0.6-mm) minimum thickness; round tube closed with welded longitudinal joint, with tabs for screw-fastening the sleeve to the board.
	C. PVC-Pipe Sleeves:  ASTM D 1785, Schedule 40.
	D. Molded-PVC Sleeves:  With nailing flange for attaching to wooden forms.
	E. Molded-PE or -PP Sleeves:  Removable, tapered-cup shaped, and smooth outer surface with nailing flange for attaching to wooden forms.
	F. Sleeves for Rectangular Openings:
	1. Material:  Galvanized sheet steel.
	2. Minimum Metal Thickness:
	a. For sleeve cross-section rectangle perimeter less than 50 inches (1270 mm) and with no side larger than 16 inches (400 mm), thickness shall be 0.052 inch (1.3 mm).
	b. For sleeve cross-section rectangle perimeter 50 inches (1270 mm) or more and one or more sides larger than 16 inches (400 mm), thickness shall be 0.138 inch (3.5 mm).



	2.2 SLEEVE-SEAL SYSTEMS
	A. Description:  Modular sealing device, designed for field assembly, to fill annular space between sleeve and raceway or cable.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Advance Products & Systems, Inc.
	b. CALPICO, Inc.
	c. Metraflex Company (The).
	d. Pipeline Seal and Insulator, Inc.
	e. Proco Products, Inc.
	f. Other "Approved" manufacturer in accordance with Electrical Specification Section "Special Requirements".

	2. Sealing Elements:  Nitrile (Buna N) rubber interlocking links shaped to fit surface of pipe.  Include type and number required for pipe material and size of pipe.
	3. Pressure Plates:  Carbon steel
	4. Connecting Bolts and Nuts: Carbon steel, with corrosion-resistant coating of length required to secure pressure plates to sealing elements.


	2.3 SLEEVE-SEAL FITTINGS
	A. Description:  Manufactured plastic, sleeve-type, waterstop assembly made for embedding in concrete slab or wall.  Unit shall have plastic or rubber waterstop collar with center opening to match piping OD.
	1. Manufacturers:  Subject to compliance with requirements, provide products by one of the following:
	a. Presealed Systems.
	b. Other "Approved" manufacturer in accordance with Electrical Specification Section "Special Requirements".



	2.4 GROUT
	A. Description:  Nonshrink; recommended for interior and exterior sealing openings in non-fire-rated walls or floors.
	B. Standard:  ASTM C 1107/C 1107M, Grade B, post-hardening and volume-adjusting, dry, hydraulic-cement grout.
	C. Design Mix:  5000-psi (34.5-MPa), 28-day compressive strength.
	D. Packaging:  Premixed and factory packaged.

	2.5 SILICONE SEALANTS
	A. Silicone Sealants:  Single-component, silicone-based, neutral-curing elastomeric sealants of grade indicated below.
	1. Grade:  Pourable (self-leveling) formulation for openings in floors and other horizontal surfaces that are not fire rated.

	B. Silicone Foams:  Multicomponent, silicone-based liquid elastomers that, when mixed, expand and cure in place to produce a flexible, nonshrinking foam.


	PART 3 -  EXECUTION
	3.1 SLEEVE INSTALLATION FOR NON-FIRE-RATED ELECTRICAL PENETRATIONS
	A. Comply with NECA 1.
	B. Comply with NEMA VE 2 for cable tray and cable penetrations.
	C. Sleeves for Conduits Penetrating Above-Grade Non-Fire-Rated Concrete and Masonry-Unit Floors and Walls:
	1. Interior Penetrations of Non-Fire-Rated Walls and Floors:
	a. Seal annular space between sleeve and raceway or cable, using joint sealant appropriate for size, depth, and location of joint.  Comply with requirements in Electrical Specification Section "Basic Electrical Materials and Methods".
	b. Seal space outside of sleeves with mortar or grout.  Pack sealing material solidly between sleeve and wall so no voids remain.  Tool exposed surfaces smooth; protect material while curing.

	2. Use pipe sleeves unless penetration arrangement requires rectangular sleeved opening.
	3. Size pipe sleeves to provide 1/4-inch (6.4-mm)]annular clear space between sleeve and raceway or cable unless sleeve seal is to be installed or unless seismic criteria require different clearance.
	4. Install sleeves for wall penetrations unless core-drilled holes or formed openings are used.  Install sleeves during erection of walls.  Unless otherwise indicated, cut sleeves to length for mounting flush with both surfaces of walls.  Deburr after...
	5. Install sleeves for floor penetrations.  Extend sleeves installed in floors 2 inches (50 mm) above finished floor level or top of curb. Install sleeves during erection of floors.

	D. Sleeves for Conduits Penetrating Non-Fire-Rated Gypsum Board Assemblies:
	1. Use circular metal sleeves unless penetration arrangement requires rectangular sleeved opening.
	2. Seal space outside of sleeves with approved joint compound for gypsum board assemblies.

	E. Roof-Penetration Sleeves:  Seal penetration of individual raceways and cables with flexible boot-type flashing units applied in coordination with roofing work.
	F. Aboveground, Exterior-Wall Penetrations:  Seal penetrations using steel  pipe sleeves and mechanical sleeve seals.  Select sleeve size to allow for sufficient annular clear space between pipe and sleeve for installing mechanical sleeve seals.
	G. Underground, Exterior-Wall and Floor Penetrations:  Install cast-iron pipe sleeves.  Size sleeves to allow for sufficient annular clear space between raceway or cable and sleeve for installing sleeve-seal system.

	3.2 SLEEVE-SEAL-SYSTEM INSTALLATION
	A. Install sleeve-seal systems in sleeves in exterior concrete walls and slabs-on-grade at raceway entries into building.
	B. Install type and number of sealing elements recommended by manufacturer for raceway or cable material and size.  Position raceway or cable in center of sleeve.  Assemble mechanical sleeve seals and install in annular space between raceway or cable ...

	3.3 SLEEVE-SEAL-FITTING INSTALLATION
	A. Install sleeve-seal fittings in new walls and slabs as they are constructed.
	B. Assemble fitting components of length to be flush with both surfaces of concrete slabs and walls.  Position waterstop flange to be centered in concrete slab or wall.
	C. Secure nailing flanges to concrete forms.
	D. Using grout, seal the space around outside of sleeve-seal fittings.



	260553 Identification for Electrical Systems
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and General Requirements Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Identification for raceways.
	2. Identification of power and control cables.
	3. Identification for conductors.
	4. Underground-line warning tape.
	5. Warning labels and signs.
	6. Instruction signs.
	7. Equipment identification labels.
	8. Miscellaneous identification products.


	1.3 SUBMITTALS
	A. Product Data:  For each electrical identification product indicated.
	B. Samples:  For each type of label and sign to illustrate size, colors, lettering style, mounting provisions, and graphic features of identification products.
	C. Identification Schedule:  An index of nomenclature of electrical equipment and system components used in identification signs and labels.

	1.4 QUALITY ASSURANCE
	A. Comply with ANSI A13.1
	B. Comply with NFPA 70.
	C. Comply with 29 CFR 1910.144 and 29 CFR 1910.145.
	D. Comply with ANSI Z535.4 for safety signs and labels.
	E. Adhesive-attached labeling materials, including label stocks, laminating adhesives, and inks used by label printers, shall comply with UL 969.

	1.5 COORDINATION
	A. Coordinate identification names, abbreviations, colors, and other features with requirements in other Sections requiring identification applications, Drawings, Shop Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual;...
	B. Coordinate installation of identifying devices with completion of covering and painting of surfaces where devices are to be applied.
	C. Coordinate installation of identifying devices with location of access panels and doors.
	D. Install identifying devices before installing acoustical ceilings and similar concealment.


	PART 2 -  PRODUCTS
	2.1 POWER RACEWAY IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway size.
	B. Colors for Raceways Carrying Circuits at 600 V or Less:
	1. Black letters on an orange field
	2. Legend:  Indicate voltage and system or service type.

	C. Colors for Raceways Carrying Circuits at More Than 600 V:(NOT USED)
	1. Black letters on an orange field.
	2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch-(75-mm-) high letters on 20-inch (500-mm) centers.

	D. Self-Adhesive Vinyl Labels for Raceways Carrying Circuits at 600 V or Less:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	E. Snap-Around Labels for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	F. Snap-Around, Color-Coding Bands for Raceways Carrying Circuits at 600 V or Less:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and to stay ...

	2.2 ARMORED AND METAL-CLAD CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
	B. Colors for Raceways Carrying Circuits at 600 V and Less:
	1. Black letters on an orange field
	2. Legend:  Indicate voltage  and system or service type.

	C. Colors for Raceways Carrying Circuits at More Than 600 V:- NOT USED
	1. Black letters on an orange field.
	2. Legend: "DANGER CONCEALED HIGH VOLTAGE WIRING" with 3-inch-(75-mm-) high letters on 20-inch (500-mm) centers.

	D. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	E. Self-Adhesive Vinyl Tape:  Colored, heavy duty, waterproof, fade resistant; 2 inches (50 mm) wide; compounded for outdoor use.

	2.3 POWER AND CONTROL CABLE IDENTIFICATION MATERIALS
	A. Comply with ANSI A13.1 for minimum size of letters for legend and for minimum length of color field for each raceway and cable size.
	B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	C. Metal Tags:  Brass or aluminum, 2 by 2 by 0.05 inch (50 by 50 by 1.3 mm), with stamped legend, punched for use with self-locking cable tie fastener.
	D. Write-On Tags:  Polyester tag, 0.010 inch (0.25 mm) 0.015 inch (0.38 mm)  thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.

	E. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	F. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.

	2.4 CONDUCTOR IDENTIFICATION MATERIALS
	A. Color-Coding Conductor Tape:  Colored, self-adhesive vinyl tape not less than 3 mils (0.08 mm) thick by 1 to 2 inches (25 to 50 mm) wide.
	B. Self-Adhesive Vinyl Labels:  Preprinted, flexible label laminated with a clear, weather- and chemical-resistant coating and matching wraparound adhesive tape for securing ends of legend label.
	C. Snap-Around Labels:  Slit, pretensioned, flexible, preprinted, color-coded acrylic sleeve, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	D. Snap-Around, Color-Coding Bands:  Slit, pretensioned, flexible, solid-colored acrylic sleeve, 2 inches (50 mm) long, with diameter sized to suit diameter of raceway or cable it identifies and to stay in place by gripping action.
	E. Marker Tapes:  Vinyl or vinyl-cloth, self-adhesive wraparound type, with circuit identification legend machine printed by thermal transfer or equivalent process.
	F. Write-On Tags:  Polyester tag, 0.015 inch (0.38 mm) thick, with corrosion-resistant grommet and cable tie for attachment to conductor or cable.
	1. Marker for Tags:  Permanent, waterproof, black ink marker recommended by tag manufacturer.


	2.5 FLOOR MARKING TAPE
	A. 2-inch- (50-mm-) wide, 5-mil (0.125-mm) pressure-sensitive vinyl tape, with black and white stripes and clear vinyl overlay.

	2.6 UNDERGROUND-LINE WARNING TAPE
	A. Tape:
	1. Recommended by manufacturer for the method of installation and suitable to identify and locate underground electrical and communications utility lines.
	2. Printing on tape shall be permanent and shall not be damaged by burial operations.
	3. Tape material and ink shall be chemically inert, and not subject to degrading when exposed to acids, alkalis, and other destructive substances commonly found in soils.

	B. Color and Printing:
	1. Comply with ANSI Z535.1 through ANSI Z535.5.
	2. Inscriptions for Red-Colored Tapes:  ELECTRIC LINE, HIGH VOLTAGE.
	3. Inscriptions for Orange-Colored Tapes:  TELEPHONE CABLE, CATV CABLE, COMMUNICATIONS CABLE, OPTICAL FIBER CABLE.


	2.7 WARNING LABELS AND SIGNS
	A. Comply with NFPA 70, 29 CFR 1910.145, and ANSI Z535.
	B. Self-Adhesive Warning Labels:  Factory-printed, multicolor, pressure-sensitive adhesive labels, configured for display on front cover, door, or other access to equipment unless otherwise indicated.
	C. Baked-Enamel Warning Signs:
	1. Preprinted aluminum signs, punched or drilled for fasteners, with colors, legend, and size required for application.
	2. 1/4-inch (6.4-mm) grommets in corners for mounting.
	3. Nominal size, 7 by 10 inches (180 by 250 mm).

	D. Metal-Backed, Butyrate Warning Signs:
	1. Weather-resistant, nonfading, preprinted, cellulose-acetate butyrate signs with 0.0396-inch (1-mm) galvanized-steel backing; and with colors, legend, and size required for application.
	2. 1/4-inch (6.4-mm) grommets in corners for mounting.
	3. Nominal size, 10 by 14 inches (250 by 360 mm).

	E. Warning label and sign shall include, but are not limited to, the following legends:
	1. Multiple Power Source Warning:  "DANGER - ELECTRICAL SHOCK HAZARD - EQUIPMENT HAS MULTIPLE POWER SOURCES."
	2. Workspace Clearance Warning:  "WARNING - OSHA REGULATION - AREA IN FRONT OF ELECTRICAL EQUIPMENT MUST BE KEPT CLEAR FOR 36 INCHES
	3. Arc Flash Warning: "DANGER – ARC FLASH HAZARD” with the Approach Boundary, PPE and Incident Energy Levels indicated based on the short circuit rating of the equipment unless an arc flash study is to be performed. .
	4. Insert names and wording of warning signs or labels; e.g., arc-flash, multiple services and voltages, and others.
	5. Available Fault Current Warning:  “MAXIMUM AVAILABLE FAULT CURRENT __________ DATE ___/___/________ “with the maximum available fault current calculation was performed".


	2.8 INSTRUCTION SIGNS
	A. Engraved, laminated acrylic or melamine plastic, minimum 1/16 inch (1.6 mm) thick for signs up to 20 sq. inches (129 sq. cm) and 1/8 inch (3.2 mm) thick for larger sizes.
	1. Engraved legend with [black letters on white face] <Insert colors>.
	2. Punched or drilled for mechanical fasteners.
	3. Framed with mitered acrylic molding and arranged for attachment at applicable equipment.


	2.9 EQUIPMENT IDENTIFICATION LABELS
	A. Adhesive Film Label:  Machine printed, in black, by thermal transfer or equivalent process.  Minimum letter height shall be 3/8 inch (10 mm).
	B. Adhesive Film Label with Clear Protective Overlay:  Machine printed, in black, by thermal transfer or equivalent process.  Minimum letter height shall be 3/8 inch (10 mm).  Overlay shall provide a weatherproof and UV-resistant seal for label.
	C. Self-Adhesive, Engraved, Laminated Acrylic or Melamine Label:  Adhesive backed, with white letters on a dark-gray background.  Minimum letter height shall be 3/8 inch (10 mm).
	D. Engraved, Laminated Acrylic or Melamine Label:  Punched or drilled for screw mounting.  White letters on a dark-gray background.  Minimum letter height shall be 3/8 inch (10 mm).

	2.10 CABLE TIES
	A. General-Purpose Cable Ties:  Fungus inert, self extinguishing, one piece, self locking, Type 6/6 nylon.
	1. Minimum Width:  3/16 inch (5 mm).
	2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  12,000 psi (82.7 MPa).
	3. Temperature Range:  Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
	4. Color:  Black except where used for color-coding.

	B. UV-Stabilized Cable Ties:  Fungus inert, designed for continuous exposure to exterior sunlight, self extinguishing, one piece, self locking, Type 6/6 nylon.
	1. Minimum Width:  3/16 inch (5 mm).
	2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  12,000 psi (82.7 MPa).
	3. Temperature Range:  Minus 40 to plus 185 deg F (Minus 40 to plus 85 deg C).
	4. Color:  Black.

	C. Plenum-Rated Cable Ties:  Self extinguishing, UV stabilized, one piece, self locking.
	1. Minimum Width:  3/16 inch (5 mm).
	2. Tensile Strength at 73 deg F (23 deg C), According to ASTM D 638:  7000 psi (48.2 MPa).
	3. UL 94 Flame Rating:  94V-0.
	4. Temperature Range:  Minus 50 to plus 284 deg F (Minus 46 to plus 140 deg C).
	5. Color:  Black.


	2.11 MISCELLANEOUS IDENTIFICATION PRODUCTS
	A. Paint:  Comply with requirements in "Finishes" Division Specification Sections "Painting" for paint materials and application requirements.  Select paint system applicable for surface material and location (exterior or interior).
	B. Fasteners for Labels and Signs:  Self-tapping, stainless-steel screws or stainless-steel machine screws with nuts and flat and lock washers.


	PART 3 -  EXECUTION
	3.1 INSTALLATION
	A. Verify identity of each item before installing identification products.
	B. Location:  Install identification materials and devices at locations for most convenient viewing without interference with operation and maintenance of equipment.
	C. Apply identification devices to surfaces that require finish after completing finish work.
	D. Self-Adhesive Identification Products:  Clean surfaces before application, using materials and methods recommended by manufacturer of identification device.
	E. Attach signs and plastic labels that are not self-adhesive type with mechanical fasteners appropriate to the location and substrate.
	F. System Identification Color-Coding Bands for Raceways and Cables:  Each color-coding band shall completely encircle cable or conduit.  Place adjacent bands of two-color markings in contact, side by side.  Locate bands at changes in direction, at pe...
	G. Aluminum Wraparound Marker Labels and Metal Tags:  Secure tight to surface of conductor or cable at a location with high visibility and accessibility.
	H. Cable Ties:  For attaching tags.  Use general-purpose type, except as listed below:
	1. Outdoors:  UV-stabilized nylon.
	2. In Spaces Handling Environmental Air:  Plenum rated.

	I. Underground-Line Warning Tape:  During backfilling of trenches install continuous underground-line warning tape directly above line at 6 to 8 inches (150 to 200 mm) below finished grade.  Use multiple tapes where width of multiple lines installed i...
	J. Painted Identification:  Comply with requirements in "Finishes" Division Specification Sections "Painting" for surface preparation and paint application.

	3.2 IDENTIFICATION SCHEDULE
	A. Concealed Raceways, Duct Banks, More Than 600 V, within Buildings:  Tape and stencil 4-inch- (100-mm-) wide black stripes on 10-inch (250-mm) centers over orange background that extends full length of raceway or duct and is 12 inches (300 mm) wide....
	1. Floor surface directly above conduits running beneath and within 12 inches (300 mm) of a floor that is in contact with earth or is framed above unexcavated space. Apply to floors in unfinished spaces and floors that are to receive tile, carpeting, ...
	2. Wall surfaces directly external to raceways concealed within wall. Apply to walls in unfinished spaces and walls that are to receive sheetrock, paneling, or other similar finish treatment prior to the installation of such treatment. Do not apply to...
	3. Accessible surfaces of concrete envelope around raceways in vertical shafts, exposed in the building, or concealed above suspended ceilings.

	B. Accessible Raceways and Metal-Clad Cables, 600 V or Less, for Service, Feeder, and Branch Circuits More Than 20 A, and 120  V to ground:  Identify with self-adhesive vinyl labelor self-adhesive vinyl tape applied in bands.  Install labels at 30-foo...
	C. Accessible Raceways and Cables within Buildings:  Identify the covers of each junction and pull box of the following systems with self-adhesive vinyl labels with the wiring system legend and system voltage.  System legends shall be as follows:
	1. Emergency Power.
	2. Power.
	3. UPS.

	D. Power-Circuit Conductor Identification, 600 V or Less:  For conductors in low-voltage switchgear, switchboards, panelboards, motor control centers, enclosed switches, transformer compartments, vaults, pull and junction boxes, manholes, handholes, e...
	1. Color-Coding for Phase Identification, 600 V or Less:  Use colors listed below for ungrounded service feeder and branch-circuit conductors throughout the electrical system.
	2. Color code 208Y/120 volt, 3 phase, 4 wire system secondary service, feeder and branch circuit conductors throughout the electrical system as follows:
	a. Phase A:   Black.
	b. Phase B:   Red.
	c. Phase C:   Blue.
	d. Neutral:   White.
	e. Ground:   Green.
	f. Isolated Ground: Green with yellow stripe.

	3. Color code 480Y/277 volt, 3 phase, 4 wire system secondary service, feeder and branch circuit conductors throughout the electrical system as follows:
	a. Phase A:   Brown.
	b. Phase B:   Orange.
	c. Phase C:   Yellow.
	d. Neutral:   White with a colored stripe or gray.
	e. Ground:   Green

	4. Color code 240 Delta/120 volt, 3 phase, 4 wire system secondary service, feeder and branch circuit conductors throughout the electrical system as follows:
	a. Phase A:   Black.
	b. Phase B:   Orange (High Leg).
	c. Phase C:   Blue.
	d. Neutral:   White.
	e. Ground:   Green.

	5. Color code 240/120 volt, and 208/120 volt, 1 phase, 3 wire system secondary service, feeder and branch circuit conductors throughout the electrical system as follows:
	a. Line 1:   Black.
	b. Line 2:   Red.
	c. Neutral:   White.
	d. Ground:   Green.

	6. Color code isolated power system branch circuit conductors throughout the electrical system as follows:
	a. Isolated Conductor No. 1:  Orange with a distinctive colored stripe, other than white, green, or gray for connection to the "grounded conductor terminal.
	b. Isolated Conductor No. 2: Brown with a distinctive colored stripe, other than white, green, or gray for connection to the ungrounded conductor terminal.

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

	E. Install instructional sign including the color-code for grounded and ungrounded conductors using adhesive-film-type labels.
	F. Conductors to Be Extended in the Future:  Attach marker tape to conductors and list source.
	G. Auxiliary Electrical Systems Conductor Identification:  Identify field-installed alarm, control, and signal connections.
	1. Identify conductors, cables, and terminals in enclosures and at junctions, terminals, and pull points.  Identify by system and circuit designation.
	2. Use system of marker tape designations that is uniform and consistent with system used by manufacturer for factory-installed connections.
	3. Coordinate identification with Project Drawings, manufacturer's wiring diagrams, and the Operation and Maintenance Manual.

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

	I. Workspace Indication:  Install floor marking tape to show working clearances in the direction of access to live parts.  Workspace shall be as required by NFPA 70 and 29 CFR 1926.403 unless otherwise indicated.  Do not install at flush-mounted panel...
	J. Warning Labels for Indoor Cabinets, Boxes, and Enclosures for Power and Lighting:  Self-adhesive warning labels
	1. Comply with 29 CFR 1910.145.
	2. Identify system voltage with black letters on an orange background.
	3. Apply to exterior of door, cover, or other access.
	4. For equipment with multiple power or control sources, apply to door or cover of equipment including, but not limited to, the following:
	a. Power transfer switches.
	b. Controls with external control power connections.


	K. Operating Instruction Signs:  Install instruction signs to facilitate proper operation and maintenance of electrical systems and items to which they connect.  Install instruction signs with approved legend where instructions are needed for system o...
	L. Emergency Operating Instruction Signs:  Install instruction signs with white legend on a red background with minimum 3/8-inch- (10-mm-) high letters for emergency instructions at equipment used for power transfer.
	M. The following one paragraph applies to service equipment in other than dwelling units as required by 2011 NEC 110.24.
	N. Available Fault Current Warning:  Service Equipment shall be labeled with the MAXIMUM AVAILABLE FAULT CURRENT and the DATE the fault current calculation [specified in Electrical Specification Section “Overcurrent Protective Device Coordination Stud...
	O. Arc Flash Warning:  Electrical Equipment requiring examination, adjustment, servicing, maintenance or periodic voltage measurements shall be field marked to warn qualified personnel of potential electric arc flash hazards.
	P. Equipment Identification Labels:  On each unit of equipment, install unique designation label that is consistent with wiring diagrams, schedules, and the Operation and Maintenance Manual.  Apply labels to disconnect switches and protection equipmen...
	1. Labeling Instructions:
	a. Indoor Equipment:  Engraved, laminated acrylic or melamine label.  Unless otherwise indicated, provide a single line of text with 1/2-inch- (13-mm-) high letters on 1-1/2-inch- (38-mm-) high label; where two lines of text are required, use labels 2...
	b. Outdoor Equipment:  Engraved, laminated acrylic or melamine label
	c. Elevated Components:  Increase sizes of labels and letters to those appropriate for viewing from the floor.
	d. Unless provided with self-adhesive means of attachment, fasten labels with appropriate mechanical fasteners that do not change the NEMA or NRTL rating of the enclosure.

	2. Equipment to Be Labeled:
	a. Panelboards:  Typewritten directory of circuits in the location provided by panelboard manufacturer.  Panelboard identification shall be engraved, laminated acrylic or melamine label.
	b. Enclosures and electrical cabinets.
	c. Access doors and panels for concealed electrical items.
	d. Switchgear.
	e. Switchboards.
	f. Transformers:  Label that includes tag designation shown on Drawings for the transformer, feeder, and panelboards or equipment supplied by the secondary.
	g. Substations.
	h. Emergency system boxes and enclosures.
	i. Motor-control centers.
	j. Enclosed switches.
	k. Enclosed circuit breakers.
	l. Enclosed controllers.
	m. Variable-speed controllers.
	n. Push-button stations.
	o. Power transfer equipment.
	p. Contactors.
	q. Remote-controlled switches, dimmer modules, and control devices.
	r. Battery-inverter units.
	s. Battery racks.
	t. Power-generating units.
	u. Monitoring and control equipment.
	v. UPS equipment.





	262816 ENCLOSED SWITCHES AND CIRCUIT BREAKERS
	PART 1 -  GENERAL
	1.1 RELATED DOCUMENTS
	A. Drawings and general provisions of the Contract, including General and Supplementary Conditions and other Division 01 Specification Sections, apply to this Section.

	1.2 SUMMARY
	A. Section Includes:
	1. Fusible switches.
	2. Nonfusible switches.
	3. Receptacle switches.
	4. Shunt trip switches.
	5. Molded-case circuit breakers (MCCBs).
	6. Molded-case switches.
	7. Enclosures.


	1.3 DEFINITIONS
	A. NC: Normally closed.
	B. NO: Normally open.
	C. SPDT: Single pole, double throw.

	1.4 PERFORMANCE REQUIREMENTS
	A. Seismic Performance: Enclosed switches and circuit breakers shall withstand the effects of earthquake motions determined according to ASCE/SEI 7.
	1. The term "withstand" means "the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event."


	1.5 ACTION SUBMITTALS
	A. Product Data: For each type of enclosed switch, circuit breaker, accessory, and component indicated. Include dimensioned elevations, sections, weights, and manufacturers' technical data on features, performance, electrical characteristics, ratings,...
	1. Enclosure types and details for types other than NEMA 250, Type 1.
	2. Current and voltage ratings.
	3. Short-circuit current ratings (interrupting and withstand, as appropriate).
	4. Include evidence of NRTL listing for series rating of installed devices.
	5. Detail features, characteristics, ratings, and factory settings of individual overcurrent protective devices, accessories, and auxiliary components.
	6. Include time-current coordination curves (average melt) for each type and rating of overcurrent protective device; include selectable ranges for each type of overcurrent protective device. Submit on translucent log-log graph paper.

	B. Shop Drawings: For enclosed switches and circuit breakers. Include plans, elevations, sections, details, and attachments to other work.
	1. Wiring Diagrams: For power, signal, and control wiring.


	1.6 INFORMATIONAL SUBMITTALS
	A. Qualification Data: For qualified testing agency.
	B. Seismic Qualification Certificates: For enclosed switches and circuit breakers, accessories, and components, from manufacturer.
	1. Basis for Certification: Indicate whether withstand certification is based on actual test of assembled components or on calculation.
	2. Dimensioned Outline Drawings of Equipment Unit: Identify center of gravity and locate and describe mounting and anchorage provisions.
	3. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

	C. Field quality-control reports.
	1. Test procedures used.
	2. Test results that comply with requirements.
	3. Results of failed tests and corrective action taken to achieve test results that comply with requirements.

	D. Manufacturer's field service report.

	1.7 CLOSEOUT SUBMITTALS
	A. Operation and Maintenance Data: For enclosed switches and circuit breakers to include in emergency, operation, and maintenance manuals. In addition to items specified in Section 017823 "Operation and Maintenance Data," include the following:
	1. Manufacturer's written instructions for testing and adjusting enclosed switches and circuit breakers.
	2. Time-current coordination curves (average melt) for each type and rating of overcurrent protective device; include selectable ranges for each type of overcurrent protective device. Submit on translucent log-log graph paper.


	1.8 MAINTENANCE MATERIAL SUBMITTALS
	A. Furnish extra materials that match products installed and that are packaged with protective covering for storage and identified with labels describing contents.
	1. Fuses: Equal to 10 percent of quantity installed for each size and type, but no fewer than three  of each size and type.
	2. Fuse Pullers: Two  for each size and type.
	3. .


	1.9 QUALITY ASSURANCE
	A. Testing Agency Qualifications: Member company of NETA or an NRTL.
	1. Testing Agency's Field Supervisor: Currently certified by NETA to supervise on-site testing.

	B. Source Limitations: Obtain enclosed switches and circuit breakers, overcurrent protective devices, components, and accessories, within same product category, from single source from single manufacturer.
	C. Product Selection for Restricted Space: Drawings indicate maximum dimensions for enclosed switches and circuit breakers, including clearances between enclosures, and adjacent surfaces and other items. Comply with indicated maximum dimensions.
	D. Electrical Components, Devices, and Accessories: Listed and labeled as defined in NFPA 70, by a qualified testing agency, and marked for intended location and application.
	E. Comply with NFPA 70.

	1.10 PROJECT CONDITIONS
	A. Environmental Limitations: Rate equipment for continuous operation under the following conditions unless otherwise indicated:
	1. Ambient Temperature: Not less than minus 22 deg F  and not exceeding 104 deg F.
	2. Altitude: Not exceeding 6600 feet.

	B. Interruption of Existing Electric Service: not applicable

	1.11 COORDINATION
	A. Coordinate layout and installation of switches, circuit breakers, and components with equipment served and adjacent surfaces. Maintain required workspace clearances and required clearances for equipment access doors and panels.


	PART 2 -  PRODUCTS
	2.1 FUSIBLE SWITCHES
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Approved equal.

	B. Type GD, General Duty, Single Throw, 240-V ac, 800 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, with cartridge fuse interiors to accommodate [specified] [indicated] fuses, lockable handle with capability to accept two padlocks, and interlo...
	C. Type HD, Heavy Duty, Single Throw, 240 and 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with capability to accept three padlocks, and interlocked with c...
	D. Type HD, Heavy Duty, Six Pole, Single Throw240 and  600-V ac, 200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with capability to accept three padlocks, and interlocke...
	E. Type HD, Heavy Duty, Double Throw, 240 and 600-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, with clips or bolt pads to accommodate specified fuses, lockable handle with capability to accept three padlocks, and interlocked with c...
	F. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Isolated Ground Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	4. Class R Fuse Kit: Provides rejection of other fuse types when Class R fuses are specified.
	5. Auxiliary Contact Kit: Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open.
	6. Hookstick Handle: Allows use of a hookstick to operate the handle.
	7. Lugs: Mechanical type, suitable for number, size, and conductor material.
	8. Service-Rated Switches: Labeled for use as service equipment.
	9. Accessory Control Power Voltage: Remote mounted and powered; as per control requirement


	2.2 NONFUSIBLE SWITCHES
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.

	B. Type GD, General Duty, Single Throw, 600 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept two padlocks, and interlocked with cover in closed position.
	C. Type HD, Heavy Duty, Single Throw, 240-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	D. Type HD, Heavy Duty, Six Pole, Single Throw, 240-V ac, 200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	E. Type HD, Heavy Duty, Double Throw, 240-V ac, 1200 A and Smaller: UL 98 and NEMA KS 1, horsepower rated, lockable handle with capability to accept three padlocks, and interlocked with cover in closed position.
	F. Accessories:
	1. Equipment Ground Kit: Internally mounted and labeled for copper and aluminum ground conductors.
	2. Neutral Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	3. Isolated Ground Kit: Internally mounted; insulated, capable of being grounded and bonded; labeled for copper and aluminum neutral conductors.
	4. Auxiliary Contact Kit:  Two NO/NC (Form "C") auxiliary contact(s), arranged to activate before switch blades open.
	5. Hookstick Handle: Allows use of a hookstick to operate the handle.
	6. Lugs: Mechanical  type, suitable for number, size, and conductor material.
	7. Accessory Control Power Voltage: Remote mounted and powered; as per controls requirement.


	2.3 RECEPTACLE SWITCHES- not used
	2.4 SHUNT TRIP SWITCHES- not used
	2.5 MOLDED-CASE CIRCUIT BREAKERS
	A. Basis-of-Design Product: Subject to compliance with requirements, provide product indicated on Drawings  or comparable product by one of the following:
	1. Eaton Electrical Inc.; Cutler-Hammer Business Unit.
	2. General Electric Company; GE Consumer & Industrial - Electrical Distribution.
	3. Siemens Energy & Automation, Inc.
	4. Square D; a brand of Schneider Electric.
	5. Approved equal.

	B. General Requirements: Comply with UL 489, NEMA AB 1, and NEMA AB 3, with interrupting capacity to comply with available fault currents.
	C. Thermal-Magnetic Circuit Breakers: Inverse time-current element for low-level overloads and instantaneous magnetic trip element for short circuits. Adjustable magnetic trip setting for circuit-breaker frame sizes 250 A and larger.
	D. Adjustable, Instantaneous-Trip Circuit Breakers: Magnetic trip element with front-mounted, field-adjustable trip setting.
	E. Electronic Trip Circuit Breakers: Field-replaceable rating plug, rms sensing, with the following field-adjustable settings:
	1. Instantaneous trip.
	2. Long- and short-time pickup levels.
	3. Long- and short-time time adjustments.
	4. Ground-fault pickup level, time delay, and I2t response.

	F. Current-Limiting Circuit Breakers: Frame sizes 400 A and smaller, and let-through ratings less than NEMA FU 1, RK-5.
	G. Integrally Fused Circuit Breakers: Thermal-magnetic trip element with integral limiter-style fuse listed for use with circuit breaker and trip activation on fuse opening or on opening of fuse compartment door.
	H. Ground-Fault, Circuit-Interrupter (GFCI) Circuit Breakers: Single- and two-pole configurations with Class A ground-fault protection (6-mA trip).
	I. Ground-Fault, Equipment-Protection (GFEP) Circuit Breakers: With Class B ground-fault protection (30-mA trip).
	J. Features and Accessories:
	1. Standard frame sizes, trip ratings, and number of poles.
	2. Lugs:  type, suitable for number, size, trip ratings, and conductor material.
	3. Application Listing: Appropriate for application; Type SWD for switching fluorescent lighting loads; Type HID for feeding fluorescent and high-intensity discharge lighting circuits.
	4. Ground-Fault Protection: Comply with UL 1053; integrally mounted, self-powered [type with mechanical ground-fault indicator; relay with adjustable pickup and time-delay settings, push-to-test feature, internal memory, and shunt trip unit; and three...
	5. Communication Capability: Circuit-breaker-mounted communication module with functions and features compatible with power monitoring and control system, specified in Section 260913 "Electrical Power Monitoring and Control."
	6. Shunt Trip: Trip coil energized from separate circuit, with coil-clearing contact.
	7. Undervoltage Trip: Set to operate at 35 to 75 percent of rated voltage without intentional time delay.
	8. Auxiliary Contacts: One SPDT switch or Two S with "a" and "b" contacts; "a" contacts mimic circuit-breaker contacts, "b" contacts operate in reverse of circuit-breaker contacts.
	9. Alarm Switch: One NO contact that operates only when circuit breaker has tripped.
	10. Key Interlock Kit: Externally mounted to prohibit circuit-breaker operation; key shall be removable only when circuit breaker is in off position.
	11. Zone-Selective Interlocking: Integral with electronic] trip unit; for interlocking ground-fault protection function.
	12. Electrical Operator: Provide remote control for on, off, and reset operations.
	13. Accessory Control Power Voltage: Integrally mounted, self-powered


	2.6 ENCLOSURES
	A. Enclosed Switches and Circuit Breakers: NEMA AB 1, NEMA KS 1, NEMA 250, and UL 50, to comply with environmental conditions at installed location.
	1. Indoor, Dry and Clean Locations: NEMA 250, Type 1
	2. Outdoor Locations: NEMA 250, Type 3R
	3. Kitchen Wash-Down Areas: NEMA 250, Type 4X
	4. Other Wet or Damp, Indoor Locations: NEMA 250, Type 4
	5. Indoor Locations Subject to Dust, Falling Dirt, and Dripping Noncorrosive Liquids: NEMA 250, Type 12.
	6. Hazardous Areas Indicated on Drawings: NEMA 250, Type 7Type 9 .



	PART 3 -  EXECUTION
	3.1 EXAMINATION
	A. Examine elements and surfaces to receive enclosed switches and circuit breakers for compliance with installation tolerances and other conditions affecting performance of the Work.
	B. Proceed with installation only after unsatisfactory conditions have been corrected.

	3.2 INSTALLATION
	A. Install individual wall-mounted switches and circuit breakers with tops at uniform height unless otherwise indicated.
	B. Comply with mounting and anchoring requirements specified in Section 260548.16 "Seismic Controls for Electrical Systems."
	C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, and brackets and temporary blocking of moving parts from enclosures and components.
	D. Install fuses in fusible devices.
	E. Comply with NECA 1.

	3.3 IDENTIFICATION
	A. Comply with requirements in Section 260553 "Identification for Electrical Systems."
	1. Identify field-installed conductors, interconnecting wiring, and components; provide warning signs.
	2. Label each enclosure with engraved metal or laminated-plastic nameplate.


	3.4 FIELD QUALITY CONTROL
	A. Testing Agency: Owner will engage a qualified testing agency to perform tests and inspections.
	B. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect, test, and adjust components, assemblies, and equipment installations, including connections.
	C. Perform tests and inspections.
	1. Manufacturer's Field Service: Engage a factory-authorized service representative to inspect components, assemblies, and equipment installations, including connections, and to assist in testing.

	D. Acceptance Testing Preparation:
	1. Test insulation resistance for each enclosed switch and circuit breaker, component, connecting supply, feeder, and control circuit.
	2. Test continuity of each circuit.

	E. Tests and Inspections:
	1. Perform each visual and mechanical inspection and electrical test stated in NETA Acceptance Testing Specification. Certify compliance with test parameters.
	2. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.
	3. Perform the following infrared scan tests and inspections and prepare reports:
	a. Initial Infrared Scanning: After Substantial Completion, but not more than 60 days after Final Acceptance, perform an infrared scan of each enclosed switch and circuit breaker. Remove front panels so joints and connections are accessible to portabl...
	b. Follow-up Infrared Scanning: Perform an additional follow-up infrared scan of each enclosed switch and circuit breaker 11 months after date of Substantial Completion.
	c. Instruments and Equipment: Use an infrared scanning device designed to measure temperature or to detect significant deviations from normal values. Provide calibration record for device.

	4. Test and adjust controls, remote monitoring, and safeties. Replace damaged and malfunctioning controls and equipment.

	F. Enclosed switches and circuit breakers will be considered defective if they do not pass tests and inspections.
	G. Prepare test and inspection reports, including a certified report that identifies enclosed switches and circuit breakers and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after r...

	3.5 ADJUSTING
	A. Adjust moving parts and operable components to function smoothly, and lubricate as recommended by manufacturer.
	B. Set field-adjustable circuit-breaker trip ranges as per coordination study calculation by contractor.
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