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PUMP STATION GENERAL NOTES

“

PERMITS

SITE VISIT

EXISTING UTILITIES

SHOP DRAWINGS AND SUBMITTAL INFORMATION:

PUMP STATION SPECIFICATIONS

WET WELL AND VALVE & CONTROL AREA BUILDING STRUCTURES

ANTI-FLOATATION

ACCESS HATCHES

CONFINED SPACE ENTRY SIGNS

AIR VENT

QUICK DISCHARGE CONNECTOR & GUIDE RAILS

WET WELL & VALVE BUILDING PIPING

PLUG VALVES

CHECK VALVES

PRESSURE GAUGE

PAINTING

WET WELL TESTING

STARTUP

MANUALS

PUMP GENERAL NOTES:

PUMPS SPECIFICATIONS:

PUMP DESIGN SPECIFICATIONS:

PUMP CONTROLS

CONTROL PANEL DESCRIPTION

ADDITIONAL ELECTRICAL SIGNS

EFFLUENT GRINDER

GRINDER SPECIFICATIONS:

ODOR CONTROL SPECIFICATIONS (BIOXIDE DRIP):

WET WELL MISCELLANIOUS NOTES:

ITEM 801, 4" FORCE MAIN, COMPLETE AND ITEM 801, 12" FORCE MAIN, COMPLETE :

“

ITEM SPEC, PUMP STATION, COMPLETE:
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PUMP STATION STANDARD DETAILS
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TRI-TECH PROJECT NO.      17438       

SECTION 23 09 93

SEQUENCE OF OPERATIONS FOR HVAC CONTROLS

PART 1  GENERAL

1.01SECTION INCLUDES

A. This section defines the manner and method by which controls function.  Requirements for each type of control system operation are

specified.  Equipment, devices, and system components required for control systems are specified in other sections.

B. Sequence of operation for:

1. Electrical rooms and telephone rooms.

2. Unit heaters.

PART 2  PRODUCTS - NOT USED

PART 3  EXECUTION

3.01 ELECTRICAL ROOMS AND TELEPHONE ROOMS

A. On room temperatures above 80 degrees F (27 degrees C) open intake damper and start exhaust fan.

3.02 UNIT HEATERS

A. Single temperature room thermostat set at 60 degrees F (16 degrees C) maintains constant space temperature by cycling unit fan motor

and energizing electric heating elements.

END OF SECTION

SECTION 23 34 13

AXIAL HVAC FANS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Propeller fans.

B. Motors and drives.

C. Accessories.

1.02SUBMITTALS

A. Product Data:  Provide data on axial fans and accessories including fan curves with specified operating point clearly plotted, power, RPM,

sound power levels for both fan inlet and outlet at rated capacity, and electrical characteristics and connection requirements.

B. Shop Drawings:  Indicate assembly of axial fans and accessories including fan curves with specified operating point clearly plotted, sound

power levels for both fan inlet and outlet at rated capacity, and electrical characteristics and connection requirements.

PART 2  PRODUCTS

PART 3  EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Provide fixed sheaves required for final air balance.

C. Provide safety screen where inlet or outlet is exposed.

END OF SECTION

SECTION 23 37 00

AIR OUTLETS AND INLETS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Louvers.

1.02SUBMITTALS

A. Product Data:  Provide data for equipment required for this project.  Review outlets and inlets as to size, finish, and type of mounting prior

to submission.  Submit schedule of outlets and inlets showing type, size, location, application, and noise level.

B. Project Record Documents:  Record actual locations of air outlets and inlets.

PART 2  PRODUCTS

2.01 LOUVERS

A. Type:  6 inch (150 mm) deep with blades on 45 degree slope with integral damper blades, channel frame, and insect screen over intake.

B. Color:  To be selected by Engineer from manufacturer's standard range.

C. Control: 120V motorized actuator to control damper blades.

D. Mounting:  Furnish with exterior angle flange for installation.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Check location of outlets and inlets and make necessary adjustments in position to conform with architectural features, symmetry, and

lighting arrangement.

END OF SECTION

SECTION 23 81 01

TERMINAL HEAT TRANSFER UNITS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Electric heaters.

1.02RELATED REQUIREMENTS

A. Section 26 05 83 - Wiring Connections:  Electrical characteristics and wiring connections.  Installation of room thermostats.  Electrical

supply to units.

1.03SUBMITTALS

A. Product Data:  Provide typical catalog of information including arrangements.

B. Shop Drawings:

1. Indicate mechanical and electrical service locations and requirements.,

C. Project Record Documents:  Record actual locations of components and locations of access doors in radiation cabinets required for

access or valving.

PART 2  PRODUCTS

2.01 ELECTRIC UNIT HEATERS

A. Assembly:  UL listed and labelled assembly with terminal box and cover, and built-in controls.

B. Heating Elements: Electric resistance style heating element.

C. Fan:  Direct drive propeller type, statically and dynamically balanced, with fan guard.

D. Electrical Characteristics:

1. 3.3 kW.

2. 240 volts, single phase, 60 Hz.

3. Disconnect Switch:  Factory mount disconnect switch.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install in accordance with manufacturer's instructions.

B. Install equipment exposed to finished areas after walls and ceiling are finished and painted.  Do not damage equipment or finishes.

C. Install electric heating equipment including devices furnished by manufacturer but not factory-mounted.  Furnish copy of manufacturer's

wiring diagram submittal.  Install electrical wiring in accordance with manufacturer's submittals and Section 26 05 83.

END OF SECTION

SECTION 26 05 19

LOW-VOLTAGE ELECTRICAL POWER CONDUCTORS AND CABLES

PART 1  GENERAL

1.01SECTION INCLUDES

A. Single conductor building wire.

B. Wiring connectors.

C. Electrical tape.

D. Heat shrink tubing.

E. Wire pulling lubricant.

1.02SUBMITTALS

A. Project Record Documents:  Record actual installed circuiting arrangements. Record actual routing for underground circuits.

1.03QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

1.04FIELD CONDITIONS

A. Do not install or otherwise handle thermoplastic-insulated conductors at temperatures lower than 14 degrees F (-10 degrees C), unless

otherwise permitted by manufacturer's instructions. When installation below this temperature is unavoidable, notify Engineer and obtain

direction before proceeding with work.

PART 2  PRODUCTS

2.01 CONDUCTOR AND CABLE GENERAL REQUIREMENTS

A. Provide products that comply with requirements of NFPA 70.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Unless specifically indicated to be excluded, provide all required conduit, boxes, wiring, connectors, etc. as required for a complete

operating system.

D. Comply with NEMA WC 70.

E. Thermoplastic-Insulated Conductors and Cables:  Listed and labeled as complying with UL 83.

F. Thermoset-Insulated Conductors and Cables:  Listed and labeled as complying with UL 44.

G. Conductors for Grounding and Bonding:  Also comply with Section 26 05 26.

H. Conductor Material:

1. Provide copper conductors only. Aluminum conductors are not acceptable for this project. Conductor sizes indicated are based on

copper.

2. Copper Conductors:  Soft drawn annealed, 98 percent conductivity, uncoated copper conductors complying with ASTM B3, ASTM B8,

or ASTM B787/B787M unless otherwise indicated.

3. Tinned Copper Conductors:  Comply with ASTM B33.

I. Minimum Conductor Size:

1. Branch Circuits:  12 AWG.

2. Control Circuits:  14 AWG.

J. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable minimum size requirements specified.

K. Conductor Color Coding:

1. Color code conductors as indicated unless otherwise required by the authority having jurisdiction. Maintain consistent color coding

throughout project.

2. Color Coding Method:  Integrally colored insulation.

a. Conductors size 4 AWG and larger may have black insulation color coded using vinyl color coding electrical tape.

3. Color Code:

a. 480Y/277 V, 3 Phase, 4 Wire System:

1) Phase A:  Brown.

2) Phase B:  Orange.

3) Phase C:  Yellow.

4) Neutral/Grounded:  Gray.

b. 240/120 V, 1 Phase, 3 Wire System:

1) Phase A:  Black.

2) Phase B:  Red.

3) Neutral/Grounded:  White.

c. Equipment Ground, All Systems:  Green.

d. For control circuits, comply with manufacturer's recommended color code.

2.02 SINGLE CONDUCTOR BUILDING WIRE

A. Description:  Single conductor insulated wire.

B. Conductor Stranding:

1. Feeders and Branch Circuits:

a. Size 10 AWG and Smaller:  Solid.

b. Size 8 AWG and Larger:  Stranded.

2. Control Circuits:  Stranded.

C. Insulation Voltage Rating:  600 V.

D. Insulation:

1. Copper Building Wire:  Type THHN/THWN or THHN/THWN-2, except as indicated below.

a. Size 4 AWG and Larger:  Type XHHW-2.

b. Installed Underground:  Type XHHW-2.

2.03 WIRING CONNECTORS

A. Description:  Wiring connectors appropriate for the application, suitable for use with the conductors to be connected, and listed as

complying with UL 486A-486B or UL 486C as applicable.

B. Connectors for Grounding and Bonding:  Comply with Section 26 05 26.

C. Wiring Connectors for Splices and Taps:

1. Copper Conductors Size 8 AWG and Smaller:  Use twist-on insulated spring connectors.

2. Copper Conductors Size 6 AWG and Larger:  Use mechanical connectors or compression connectors.

D. Wiring Connectors for Terminations:

1. Provide terminal lugs for connecting conductors to equipment furnished with terminations designed for terminal lugs.

2. Provide compression adapters for connecting conductors to equipment furnished with mechanical lugs when only compression

connectors are specified.

3. Where over-sized conductors are larger than the equipment terminations can accommodate, provide connectors suitable for reducing

to appropriate size, but not less than required for the rating of the overcurrent protective device.

4. Copper Conductors Size 8 AWG and Larger:  Use mechanical connectors or compression connectors where connectors are required.

E. Do not use insulation-piercing or insulation-displacement connectors designed for use with conductors without stripping insulation.

F. Do not use push-in wire connectors as a substitute for twist-on insulated spring connectors.

G. Twist-on Insulated Spring Connectors:  Rated 600 V, 221 degrees F (105 degrees C) for standard applications and 302 degrees F (150

degrees C) for high temperature applications; pre-filled with sealant and listed as complying with UL 486D for damp and wet locations.

H. Mechanical Connectors:  Provide bolted type or set-screw type.

I. Compression Connectors:  Provide circumferential type or hex type crimp configuration.

2.04 WIRING ACCESSORIES

A. Electrical Tape:

1. Vinyl Color Coding Electrical Tape:  Integrally colored to match color code indicated; listed as complying with UL 510; minimum

thickness of 7 mil (0.18 mm); resistant to abrasion, corrosion, and sunlight; suitable for continuous temperature environment up to 221

degrees F (105 degrees C).

2. Vinyl Insulating Electrical Tape:  Complying with ASTM D3005 and listed as complying with UL 510; minimum thickness of 7 mil (0.18

mm); resistant to abrasion, corrosion, and sunlight; conformable for application down to 0 degrees F (-18 degrees C) and suitable for

continuous temperature environment up to 221 degrees F (105 degrees C).

3. Rubber Splicing Electrical Tape:  Ethylene Propylene Rubber (EPR) tape, complying with ASTM D4388; minimum thickness of 30 mil

(0.76 mm); suitable for continuous temperature environment up to 194 degrees F (90 degrees C) and short-term 266 degrees F (130

degrees C) overload service.

4. Electrical Filler Tape:  Rubber-based insulating moldable putty, minimum thickness of 125 mil (3.2 mm); suitable for continuous

temperature environment up to 176 degrees F (80 degrees C).

5. Moisture Sealing Electrical Tape:  Insulating mastic compound laminated to flexible, all-weather vinyl backing; minimum thickness of

90 mil (2.3 mm).

B. Heat Shrink Tubing:  Heavy-wall, split-resistant, with factory-applied adhesive; rated 600 V; suitable for direct burial applications; listed as

complying with UL 486D.

C. Wire Pulling Lubricant:  Listed; suitable for use with the conductors or cables to be installed and suitable for use at the installation

temperature.

PART 3  EXECUTION

3.01 EXAMINATION

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

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

C. Verify that raceways, boxes, and equipment enclosures are installed and are properly sized to accommodate conductors and cables in

accordance with NFPA 70.

D. Verify that field measurements are as indicated.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION

A. Clean raceways thoroughly to remove foreign materials before installing conductors and cables.

3.03 INSTALLATION

A. Circuiting Requirements:

1. Unless dimensioned, circuit routing indicated is diagrammatic.

2. When circuit destination is indicated without specific routing, determine exact routing required.

3. Arrange circuiting to minimize splices.

4. Maintain separation of Class 1, Class 2, and Class 3 remote-control, signaling, and power-limited circuits in accordance with NFPA

70.

B. Install products in accordance with manufacturer's instructions.

C. Perform work in accordance with NECA 1 (general workmanship).

D. Installation in Raceway:

1. Tape ends of conductors and cables to prevent infiltration of moisture and other contaminants.

2. Pull all conductors and cables together into raceway at same time.

3. Do not damage conductors and cables or exceed manufacturer's recommended maximum pulling tension and sidewall pressure.

4. Use suitable wire pulling lubricant where necessary, except when lubricant is not recommended by the manufacturer.

E. Paralleled Conductors:  Install conductors of the same length and terminate in the same manner.

F. Secure and support conductors and cables in accordance with NFPA 70 using suitable supports and methods approved by the authority

having jurisdiction. Provide independent support from building structure. Do not provide support from raceways, piping, ductwork, or other

systems.

G. Install conductors with a minimum of 12 inches (300 mm) of slack at each outlet.

H. Where conductors are installed in enclosures for future termination by others, provide a minimum of 5 feet (1.5 m) of slack.

I. Neatly train and bundle conductors inside boxes, wireways, panelboards and other equipment enclosures.

J. Group or otherwise identify neutral/grounded conductors with associated ungrounded conductors inside enclosures in accordance with

NFPA 70.

K. Make wiring connections using specified wiring connectors.

1. Make splices and taps only in accessible boxes. Do not pull splices into raceways or make splices in conduit bodies or wiring gutters.

2. Remove appropriate amount of conductor insulation for making connections without cutting, nicking or damaging conductors.

3. Do not remove conductor strands to facilitate insertion into connector.

4. Clean contact surfaces on conductors and connectors to suitable remove corrosion, oxides, and other contaminates. Do not use wire

brush on plated connector surfaces.

5. Mechanical Connectors:  Secure connections according to manufacturer's recommended torque settings.

6. Compression Connectors:  Secure connections using manufacturer's recommended tools and dies.

L. Insulate splices and taps that are made with uninsulated connectors using methods suitable for the application, with insulation and

mechanical strength at least equivalent to unspliced conductors.

1. Dry Locations:  Use insulating covers specifically designed for the connectors, electrical tape, or heat shrink tubing.

a. For taped connections, first apply adequate amount of rubber splicing electrical tape or electrical filler tape, followed by outer

covering of vinyl insulating electrical tape.

2. Damp Locations:  Use insulating covers specifically designed for the connectors, electrical tape, or heat shrink tubing.

a. For connections with insulating covers, apply outer covering of moisture sealing electrical tape.

b. For taped connections, follow same procedure as for dry locations but apply outer covering of moisture sealing electrical tape.

3. Wet Locations:  Use heat shrink tubing.

M. Insulate ends of spare conductors using vinyl insulating electrical tape.

N. Field-Applied Color Coding:  Where vinyl color coding electrical tape is used in lieu of integrally colored insulation as permitted in Part 2

under "Color Coding", apply half overlapping turns of tape at each termination and at each location conductors are accessible.

O. Identify conductors and cables in accordance with Section 26 05 53.

P. Unless specifically indicated to be excluded, provide final connections to all equipment and devices, including those furnished by others,

as required for a complete operating system.

3.04 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA ATS, except Section 4.

B. Correct deficiencies and replace damaged or defective conductors and cables.

END OF SECTION

SECTION 26 05 26

GROUNDING AND BONDING FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Grounding and bonding requirements.

B. Conductors for grounding and bonding.

C. Connectors for grounding and bonding.

D. Ground rod electrodes.

1.02ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate the work with other trades to provide steel reinforcement complying with specified requirements for concrete-encased

electrode.

2. Notify Engineer of any conflicts with or deviations from the contract documents. Obtain direction before proceeding with work.

B. Sequencing:

1. Do not install ground rod electrodes until final backfill and compaction is complete.

1.03SUBMITTALS

A. Field quality control test reports.

B. Project Record Documents:  Record actual locations of grounding electrode system components and connections.

1.04QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

PART 2  PRODUCTS

2.01 GROUNDING AND BONDING REQUIREMENTS

A. Do not use products for applications other than as permitted by NFPA 70 and product listing.

B. Unless specifically indicated to be excluded, provide all required components, conductors, connectors, conduit, boxes, fittings, supports,

accessories, etc. as necessary for a complete grounding and bonding system.

C. Where conductor size is not indicated, size to comply with NFPA 70 but not less than applicable minimum size requirements specified.

D. Grounding System Resistance:

1. Achieve specified grounding system resistance under normally dry conditions unless otherwise approved by Engineer. Precipitation

within the previous 48 hours does not constitute normally dry conditions.

2. Grounding Electrode System:  Not greater than 5 ohms to ground, when tested according to IEEE 81 using "fall-of-potential" method.

3. Between Grounding Electrode System and Major Electrical Equipment Frames, System Neutral, and Derived Neutral Points:  Not

greater than 0.5 ohms, when tested using "point-to-point" methods.

E. Grounding Electrode System:

1. Provide connection to required and supplemental grounding electrodes indicated to form grounding electrode system.

a. Provide continuous grounding electrode conductors without splice or joint.

b. Install grounding electrode conductors in raceway where exposed to physical damage. Bond grounding electrode conductor to

metallic raceways at each end with bonding jumper.

2. Metal In-Ground Support Structure:

a. Provide connection to metal in-ground support structure that is in direct contact with earth in accordance with NFPA 70.
3. Concrete-Encased Electrode:

a. Provide connection to concrete-encased electrode consisting of not less than 20 feet (6.0 m) of either steel reinforcing bars or

bare copper conductor not smaller than 4 AWG embedded within concrete foundation or footing that is in direct contact with earth

in accordance with NFPA 70.
4. Ground Rod Electrode(s):

a. Provide three electrodes in an equilateral triangle configuration unless otherwise indicated or required.

b. Space electrodes not less than 10 feet (3.0 m) from each other and any other ground electrode.

5. Provide additional ground electrode(s) as required to achieve specified grounding electrode system resistance.

F. Service-Supplied System Grounding:

1. For each service disconnect, provide grounding electrode conductor to connect neutral (grounded) service conductor to grounding

electrode system. Unless otherwise indicated, make connection at neutral (grounded) bus in service disconnect enclosure.

2. For each service disconnect, provide main bonding jumper to connect neutral (grounded) bus to equipment ground bus where not

factory-installed. Do not make any other connections between neutral (grounded) conductors and ground on load side of service

disconnect.

G. Bonding and Equipment Grounding:

1. Provide bonding for equipment grounding conductors, equipment ground busses, metallic equipment enclosures, metallic raceways

and boxes, device grounding terminals, and other normally non-current-carrying conductive materials enclosing electrical

conductors/equipment or likely to become energized as indicated and in accordance with NFPA 70.
2. Provide insulated equipment grounding conductor in each feeder and branch circuit raceway. Do not use raceways as sole equipment

grounding conductor.

3. Where circuit conductor sizes are increased for voltage drop, increase size of equipment grounding conductor proportionally in

accordance with NFPA 70.
4. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit equipment grounding conductor and to outlet

box with bonding jumper.

5. Terminate branch circuit equipment grounding conductors on solidly bonded equipment ground bus only. Do not terminate on neutral

(grounded) or isolated/insulated ground bus.

6. Provide bonding jumper across expansion or expansion/deflection fittings provided to accommodate conduit movement.

7. Provide bonding for metal siding not effectively bonded through attachment to metal building frame.

2.02 GROUNDING AND BONDING COMPONENTS

A. General Requirements:

1. Provide products listed, classified, and labeled as suitable for the purpose intended.

2. Provide products listed and labeled as complying with UL 467 where applicable.

B. Conductors for Grounding and Bonding, in Addition to Requirements of Section 26 05 26:

1. Use insulated copper conductors unless otherwise indicated.

a. Exceptions:

1) Use bare copper conductors where installed underground in direct contact with earth.

2) Use bare copper conductors where directly encased in concrete (not in raceway).

C. Connectors for Grounding and Bonding:

1. Description:  Connectors appropriate for the application and suitable for the conductors and items to be connected; listed and labeled

as complying with UL 467.

2. Unless otherwise indicated, use exothermic welded connections for underground, concealed and other inaccessible connections.

3. Unless otherwise indicated, use mechanical connectors, compression connectors, or exothermic welded connections for accessible

connections.

a. Exceptions:

1) Use exothermic welded connections for connections to metal building frame.

D. Ground Rod Electrodes:

1. Comply with NEMA GR 1.
2. Material:  Copper-bonded (copper-clad) steel.

3. Size:  5/8 inch (16 mm) diameter by 8 feet (2.4 m) length, unless otherwise indicated.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that work likely to damage grounding and bonding system components has been completed.

B. Verify that field measurements are as indicated.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Ground Rod Electrodes:  Unless otherwise indicated, install ground rod electrodes vertically. Where encountered rock prohibits vertical

installation, install at 45 degree angle or bury horizontally in trench at least 30 inches (750 mm) deep in accordance with NFPA 70 or

provide ground plates.

1. Outdoor Installations:  Unless otherwise indicated, install with top of rod 6 inches (150 mm) below finished grade.

D. Make grounding and bonding connections using specified connectors.

1. Remove appropriate amount of conductor insulation for making connections without cutting, nicking or damaging conductors. Do not

remove conductor strands to facilitate insertion into connector.

2. Remove nonconductive paint, enamel, or similar coating at threads, contact points, and contact surfaces.

3. Exothermic Welds:  Make connections using molds and weld material suitable for the items to be connected in accordance with

manufacturer's recommendations.

4. Mechanical Connectors:  Secure connections according to manufacturer's recommended torque settings.

5. Compression Connectors:  Secure connections using manufacturer's recommended tools and dies.

E. Identify grounding and bonding system components in accordance with Section 26 05 53.

3.03 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA ATS except Section 4.

B. Perform ground electrode resistance tests under normally dry conditions. Precipitation within the previous 48 hours does not constitute

normally dry conditions.

C. Investigate and correct deficiencies where measured ground resistances do not comply with specified requirements.

D. Submit detailed reports indicating inspection and testing results and corrective actions taken.

END OF SECTION

SECTION 26 05 29

HANGERS AND SUPPORTS FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Support and attachment components for equipment, conduit, cable, boxes, and other electrical work.

PART 2  PRODUCTS

2.01 SUPPORT AND ATTACHMENT COMPONENTS

A. General Requirements:

1. Provide all required hangers, supports, anchors, fasteners, fittings, accessories, and hardware as necessary for the complete

installation of electrical work.

2. Provide products listed, classified, and labeled as suitable for the purpose intended, where applicable.

3. Where support and attachment component types and sizes are not indicated, select in accordance with manufacturer's application

criteria as required for the load to be supported. Include consideration for vibration, equipment operation, and shock loads where

applicable.

4. Do not use products for applications other than as permitted by NFPA 70 and product listing.

5. Do not use wire, chain, perforated pipe strap, or wood for permanent supports unless specifically indicated or permitted.

6. Steel Components:  Use corrosion resistant materials suitable for the environment where installed.

a. Indoor Dry Locations:  Use zinc-plated steel or approved equivalent unless otherwise indicated.

b. Outdoor and Damp or Wet Indoor Locations:  Use 304 stainless steel unless otherwise indicated.

c. Zinc-Plated Steel:  Electroplated in accordance with ASTM B633.
d. Galvanized Steel:  Hot-dip galvanized after fabrication in accordance with ASTM A123/A123M or ASTM A153/A153M.

B. Conduit and Cable Supports:  Straps, clamps, etc. suitable for the conduit or cable to be supported.

1. Conduit Straps:  One-hole or two-hole type; steel, 304 stainless in damp or wet locations.

2. Conduit Clamps:  Bolted type unless otherwise indicated.

C. Outlet Box Supports:  Hangers, brackets, etc. suitable for the boxes to be supported.

D. Metal Channel (Strut) Framing Systems:  Factory-fabricated continuous-slot metal channel (strut) and associated fittings, accessories,

and hardware required for field-assembly of supports.

1. Comply with MFMA-4.
2. Channel Material:

a. Indoor Dry Locations:  Use painted steel, zinc-plated steel, or galvanized steel.

b. Outdoor and Damp or Wet Indoor Locations:  Use 304 stainless steel.

3. Minimum Channel Thickness:  Steel sheet, 12 gage, 0.1046 inch (2.66 mm).

4. Minimum Channel Dimensions:  1-5/8 inch (41 mm) width by 13/16 inch (21 mm) height.

E. Hanger Rods:  Threaded zinc-plated steel unless otherwise indicated.

F. Anchors and Fasteners:

1. Unless otherwise indicated and where not otherwise restricted, use 304 stainless steel anchor and fastener types.

2. Concrete:  Use preset concrete inserts, expansion anchors, or screw anchors.

3. Solid or Grout-Filled Masonry:  Use expansion anchors or screw anchors.

4. Hollow Masonry:  Use toggle bolts.

5. Hollow Stud Walls:  Use toggle bolts.

6. Steel:  Use beam clamps, machine bolts, or welded threaded studs.

7. Sheet Metal:  Use sheet metal screws.

8. Wood:  Use wood screws.

9. Preset Concrete Inserts:  Continuous metal channel (strut) and spot inserts specifically designed to be cast in concrete ceilings, walls,

and floors.

a. Comply with MFMA-4.
b. Channel Material:  Use galvanized steel in indoor, dry locations, 304 stainless steel in damp or wet locations.

c. Minimum Channel Thickness:  Steel sheet, 12 gage, 0.1046 inch (2.66 mm) minimum base metal thickness.

d. Manufacturer:  Same as manufacturer of metal channel (strut) framing system.

10. Post-Installed Concrete and Masonry Anchors:  Evaluated and recognized by ICC Evaluation Service, LLC (ICC-ES) for compliance

with applicable building code.
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PART 3  EXECUTION

3.01 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Install anchors and fasteners in accordance with ICC Evaluation Services, LLC (ICC-ES) evaluation report conditions of use where

applicable.

D. Provide independent support from building structure. Do not provide support from piping, ductwork, or other systems.

E. Unless specifically indicated or approved by Engineer, do not provide support from suspended ceiling support system or ceiling grid.

F. Unless specifically indicated or approved by Engineer, do not provide support from roof deck.

G. Do not penetrate or otherwise notch or cut structural members without approval of Structural Engineer.

H. Equipment Support and Attachment:

1. Use metal fabricated supports or supports assembled from metal channel (strut) to support equipment as required.

2. Use metal channel (strut) secured to studs to support equipment surface-mounted on hollow stud walls when wall strength is not

sufficient to resist pull-out.

3. Use metal channel (strut) to support surface-mounted equipment in wet or damp locations to provide space between equipment and

mounting surface.

4. Securely fasten floor-mounted equipment. Do not install equipment such that it relies on its own weight for support.

I. Conduit Support and Attachment:  Also comply with Section 26 05 33.13.

J. Box Support and Attachment:  Also comply with Section 26 05 33.16.

K. Interior Luminaire Support and Attachment:  Also comply with Section 26 51 00.

L. Preset Concrete Inserts:  Use manufacturer provided closure strips to inhibit concrete seepage during concrete pour.

M. Secure fasteners according to manufacturer's recommended torque settings.

N. Remove temporary supports.

3.02 FIELD QUALITY CONTROL

A. Inspect support and attachment components for damage and defects.

B. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by manufacturer. Replace components that exhibit

signs of corrosion.

C. Correct deficiencies and replace damaged or defective support and attachment components.

END OF SECTION

SECTION 26 05 33.13

CONDUIT

PART 1  GENERAL

1.01SECTION INCLUDES

A. Galvanized steel rigid metal conduit (RMC).

B. Stainless steel rigid metal conduit.

C. Aluminum rigid metal conduit (RMC).

D. Intermediate metal conduit (IMC).

E. PVC-coated galvanized steel rigid metal conduit (RMC).

F. Flexible metal conduit (FMC).

G. Liquidtight flexible metal conduit (LFMC).

H. Electrical metallic tubing (EMT).

I. Rigid polyvinyl chloride (PVC) conduit.

J. Conduit fittings.

K. Accessories.

1.02SUBMITTALS

A. Project Record Documents:  Record actual routing for conduits installed underground and conduits 2 inch (53 mm) trade size and larger.

1.03QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

PART 2  PRODUCTS

2.01 CONDUIT APPLICATIONS

A. Do not use conduit and associated fittings for applications other than as permitted by NFPA 70 and product listing.

B. Unless otherwise indicated and where not otherwise restricted, use the conduit types indicated for the specified applications. Where more

than one listed application applies, comply with the most restrictive requirements. Where conduit type for a particular application is not

specified, use galvanized steel rigid metal conduit.

C. Underground:

1. Under Slab on Grade:  Use stainless steel rigid metal conduit.

2. Exterior, Direct-Buried:  Use rigid PVC conduit for service lateral, stainless steel rigid metal conduit for all other feeders and power

and control circuits.

3. Where rigid polyvinyl (PVC) conduit is provided, transition to PVC-coated galvanized steel rigid metal conduit where emerging from

underground.

4. Where rigid polyvinyl (PVC) conduit larger than 2 inch (53 mm) trade size is provided, use PVC-coated galvanized steel rigid metal

conduit elbows or concrete encased PVC elbows for bends.

5. Where steel conduit emerges from concrete into soil, use corrosion protection tape to provide supplementary corrosion protection for

a minimum of 4 inches (100 mm) on either side of where conduit emerges.

D. Concealed Within Masonry Walls:  Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC), or electrical metallic tubing

(EMT).

E. Concealed Within Hollow Stud Walls:  Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC), or electrical metallic

tubing (EMT).

F. Interior, Damp or Wet Locations:  Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC), or stainless steel rigid metal

conduit.

G. Exposed, Interior, Not Subject to Physical Damage:  Use galvanized steel rigid metal conduit, intermediate metal conduit (IMC), or

electrical metallic tubing (EMT).

H. Exposed, Exterior:  Use stainless steel rigid metal conduit.

I. Concealed, Exterior, Not Embedded in Concrete or in Contact With Earth:  Use galvanized steel rigid metal conduit or intermediate metal

conduit (IMC).

J. Hazardous (Classified) Locations:  Use stainless steel rigd metal conduit.

K. Connections to Vibrating Equipment:

1. Dry Locations:  Use flexible metal conduit.

2. Damp, Wet, or Corrosive Locations:  Use liquidtight flexible metal conduit.

2.02 CONDUIT REQUIREMENTS

A. Electrical Service Conduits:  Also comply with Section 26 21 00.

B. Fittings for Grounding and Bonding:  Also comply with Section 26 05 26.

C. Provide all conduit, fittings, supports, and accessories required for a complete raceway system.

D. Provide products listed, classified, and labeled as suitable for the purpose intended.

E. Minimum Conduit Size, Unless Otherwise Indicated:

1. Branch Circuits:  1/2 inch (16 mm) trade size.

2. Branch Circuit Homeruns:  3/4 inch (21 mm) trade size.

3. Control Circuits:  1/2 inch (16 mm) trade size.

4. Underground, Interior:  3/4 inch (21 mm) trade size.

5. Underground, Exterior:  1 inch (27 mm) trade size.

F. Where conduit size is not indicated, size to comply with NFPA 70 but not less than applicable minimum size requirements specified.

2.03 GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit complying with ANSI C80.1 and listed and labeled as complying

with UL 6.

B. Fittings:

1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
2. Hazardous (Classified) Locations:  Use fittings listed and labeled as complying with UL 1203 for the classification of the installed

location.

3. Material:  Use steel or malleable iron.

4. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and compression (gland) type fittings are not

permitted.

2.04 STAINLESS STEEL RIGID METAL CONDUIT

A. Description: NFPA 70 Type RMC 304 or 316 stainless steel rigid metal conduit complying with ANSI C80.1 and listed and labeled as

complying with UL 6A.

B. Fittings:

1. Compliant with standards as for Galvanized RMC fittings above, except made of Type 316 stainless steel only.

2.05 ALUMINUM RIGID METAL CONDUIT (RMC)

A. Description:  NFPA 70, Type RMC aluminum rigid metal conduit complying with ANSI C80.5 and listed and labeled as complying with UL

6A.

B. Fittings:

1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.

2. Hazardous (Classified) Locations:  Use fittings listed and labeled as complying with UL 1203 for the classification of the installed

location.

3. Material:  Use aluminum.

4. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and compression (gland) type fittings are not

permitted.

2.06 INTERMEDIATE METAL CONDUIT (IMC)

A. Description:  NFPA 70, Type IMC galvanized steel intermediate metal conduit complying with ANSI C80.6 and listed and labeled as

complying with UL 1242.

B. Fittings:

1. Non-Hazardous Locations:  Use fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
2. Material:  Use steel or malleable iron.

3. Connectors and Couplings:  Use threaded type fittings only. Threadless set screw and compression (gland) type fittings are not

permitted.

2.07 PVC-COATED GALVANIZED STEEL RIGID METAL CONDUIT (RMC)

A. Description:  NFPA 70, Type RMC galvanized steel rigid metal conduit with external polyvinyl chloride (PVC) coating complying with

NEMA RN 1 and listed and labeled as complying with UL 6.

B. Exterior Coating:  Polyvinyl chloride (PVC), nominal thickness of 40 mil (1.02 mm).

C. PVC-Coated Fittings:

1. Manufacturer:  Same as manufacturer of PVC-coated conduit to be installed.

2. Non-Hazardous Locations:  Use fittings listed and labeled as complying with UL 514B.
3. Hazardous (Classified) Locations:  Use fittings listed and labeled as complying with UL 1203 for the classification of the installed

location.

4. Material:  Use steel or malleable iron.

5. Exterior Coating:  Polyvinyl chloride (PVC), minimum thickness of 40 mil (1.02 mm).

D. PVC-Coated Supports:  Furnish with exterior coating of polyvinyl chloride (PVC), minimum thickness of 15 mil (0.38 mm).

2.08 FLEXIBLE METAL CONDUIT (FMC)

A. Description:  NFPA 70, Type FMC standard wall steel flexible metal conduit listed and labeled as complying with UL 1, and listed for use

in classified firestop systems to be used.

B. Fittings:

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
2. Material:  Use steel or malleable iron.

2.09 LIQUIDTIGHT FLEXIBLE METAL CONDUIT (LFMC)

A. Description:  NFPA 70, Type LFMC polyvinyl chloride (PVC) jacketed steel flexible metal conduit listed and labeled as complying with UL

360.

B. Fittings:

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
2. Material:  Use steel or malleable iron.

2.10 ELECTRICAL METALLIC TUBING (EMT)

A. Description:  NFPA 70, Type EMT steel electrical metallic tubing complying with ANSI C80.3 and listed and labeled as complying with UL

797.

B. Fittings:

1. Description:  Fittings complying with NEMA FB 1 and listed and labeled as complying with UL 514B.
2. Material:  Use steel or malleable iron.

3. Connectors and Couplings:  Use compression (gland) or set-screw type.

a. Do not use indenter type connectors and couplings.

4. Damp or Wet Locations (where permitted):  Use fittings listed for use in wet locations.

2.11 RIGID POLYVINYL CHLORIDE (PVC) CONDUIT

A. Description:  NFPA 70, Type PVC rigid polyvinyl chloride conduit complying with NEMA TC 2 and listed and labeled as complying with UL

651; Schedule 40 unless otherwise indicated, Schedule 80 where subject to physical damage; rated for use with conductors rated 90

degrees C.

B. Fittings:

1. Manufacturer:  Same as manufacturer of conduit to be connected.

2. Description:  Fittings complying with NEMA TC 3 and listed and labeled as complying with UL 651; material to match conduit.

2.12 ACCESSORIES

A. Corrosion Protection Tape:  PVC-based, minimum thickness of 20 mil (0.51 mm).

B. Conduit Joint Compound:  Corrosion-resistant, electrically conductive; suitable for use with the conduit to be installed.

C. Solvent Cement for PVC Conduit and Fittings:  As recommended by manufacturer of conduit and fittings to be installed.

D. Pull Strings: Use nylon cord with average breaking strength of not less than 200 pound-force (890 N).

E. Sealing Compound for Sealing Fittings:  Listed for use with the particular fittings to be installed.

F. Modular Seals for Conduit Penetrations:  Rated for minimum of 40 psig; Suitable for the conduits to be installed.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that mounting surfaces are ready to receive conduits.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Install galvanized steel rigid metal conduit (RMC) in accordance with NECA 101.

D. Install stainless steel rigid metal conduit in accordance with NECA 101.

E. Install aluminum rigid metal conduit (RMC) in accordance with NECA 102.

F. Install intermediate metal conduit (IMC) in accordance with NECA 101.

G. Install PVC-coated galvanized steel rigid metal conduit (RMC) using only tools approved by the manufacturer.

H. Install rigid polyvinyl chloride (PVC) conduit in accordance with NECA 111.

I. Conduit Routing:

1. Unless dimensioned, conduit routing indicated is diagrammatic.

2. When conduit destination is indicated without specific routing, determine exact routing required.

3. Arrange conduit to maintain adequate headroom, clearances, and access.

4. Arrange conduit to provide no more than the equivalent of four 90 degree bends between pull points.

5. Arrange conduit to provide no more than 150 feet (46 m) between pull points.

J. Conduit Support:

1. Secure and support conduits in accordance with NFPA 70 and Section 26 05 29 using suitable supports and methods approved by

the authority having jurisdiction.

2. Provide independent support from building structure. Do not provide support from piping, ductwork, or other systems.

3. Use conduit strap to support single surface-mounted conduit.

a. Use clamp back spacer with conduit strap for damp and wet locations to provide space between conduit and mounting surface.

4. Use metal channel (strut) with accessory conduit clamps to support multiple parallel surface-mounted conduits.

K. Connections and Terminations:

1. Use approved zinc-rich paint or conduit joint compound on field-cut threads of galvanized steel conduits prior to making connections.

2. Where two threaded conduits must be joined and neither can be rotated, use three-piece couplings or split couplings. Do not use

running threads.

3. Use suitable adapters where required to transition from one type of conduit to another.

4. Provide drip loops for liquidtight flexible conduit connections to prevent drainage of liquid into connectors.

5. Terminate threaded conduits in boxes and enclosures using threaded hubs or double lock nuts for dry locations and raintight hubs for

wet locations.

6. Where spare conduits stub up through concrete floors and are not terminated in a box or enclosure, provide threaded couplings

equipped with threaded plugs set flush with finished floor.

7. Provide insulating bushings or insulated throats at all conduit terminations to protect conductors.

8. Secure joints and connections to provide maximum mechanical strength and electrical continuity.

L. Penetrations:

1. Do not penetrate or otherwise notch or cut structural members, including footings and grade beams, without approval of Structural

Engineer.

2. Make penetrations perpendicular to surfaces unless otherwise indicated.

3. Provide sleeves for penetrations as indicated or as required to facilitate installation. Set sleeves flush with exposed surfaces unless

otherwise indicated or required.

4. Conceal bends for conduit risers emerging above ground.

5. Seal interior of conduits entering the building from underground at first accessible point to prevent entry of moisture and gases.

6. Provide suitable modular seal where conduits penetrate exterior wall below grade.

7. Where conduits penetrate waterproof membrane, seal as required to maintain integrity of membrane.

8. Make penetrations for roof-mounted equipment within associated equipment openings and curbs where possible to minimize roofing

system penetrations. Where penetrations are necessary, seal as indicated or as required to preserve integrity of roofing system and

maintain roof warranty. Include proposed locations of penetrations and methods for sealing with submittals.

M. Underground Installation:

1. Minimum Cover, Unless Otherwise Indicated or Required:

a. Underground, Exterior:  24 inches (610 mm).

b. Under Slab on Grade:  12 inches (300 mm) to bottom of slab.

2. Provide underground warning tape in accordance with Section 26 05 53 along entire conduit length for service entrance where not

concrete-encased.

N. Concrete Encasement: Where conduits not otherwise embedded within concrete are indicated to be concrete-encased, provide concrete

with minimum concrete cover of 3 inches (76 mm) on all sides unless otherwise indicated.

O. Hazardous (Classified) Locations:  Where conduits cross boundaries of hazardous (classified) locations, provide sealing fittings located

as indicated or in accordance with NFPA 70.

P. Conduit Movement Provisions:  Where conduits are subject to movement, provide expansion and expansion/deflection fittings to prevent

damage to enclosed conductors or connected equipment. This includes, but is not limited to:

1. Where conduits cross structural joints intended for expansion, contraction, or deflection.

2. Where conduits are subject to earth movement by settlement or frost.

Q. Condensation Prevention:  Where conduits cross barriers between areas of potential substantial temperature differential, provide sealing

fitting or approved sealing compound at an accessible point near the penetration to prevent condensation. This includes, but is not limited

to:

1. Where conduits pass from outdoors into conditioned interior spaces.

2. Where conduits pass from unconditioned interior spaces into conditioned interior spaces.

R. Provide pull string in all empty conduits and in conduits where conductors and cables are to be installed by others. Leave minimum slack

of 12 inches (300 mm) at each end.

S. Provide grounding and bonding in accordance with Section 26 05 26.

3.03 FIELD QUALITY CONTROL

A. Repair cuts and abrasions in galvanized finishes using zinc-rich paint recommended by manufacturer. Replace components that exhibit

signs of corrosion.

B. Where coating of PVC-coated galvanized steel rigid metal conduit (RMC) contains cuts or abrasions, repair in accordance with

manufacturer's instructions.

C. Correct deficiencies and replace damaged or defective conduits.

3.04 CLEANING

A. Clean interior of conduits to remove moisture and foreign matter.

3.05 PROTECTION

A. Immediately after installation of conduit, use suitable manufactured plugs to provide protection from entry of moisture and foreign material

and do not remove until ready for installation of conductors.

END OF SECTION

SECTION 26 05 33.16

BOXES

PART 1  GENERAL

1.01SECTION INCLUDES

A. Outlet and device boxes up to 100 cubic inches (1,650 cu cm), including those used as junction and pull boxes.

B. Cabinets and enclosures, including junction and pull boxes larger than 100 cubic inches (1,650 cu cm).

C. Boxes for hazardous (classified) locations.

D. Underground boxes/enclosures.

1.02ADMINISTRATIVE REQUIREMENTS

A. Coordination:

1. Coordinate the work with other trades to avoid placement of ductwork, piping, equipment, or other potential obstructions within the

dedicated equipment spaces and working clearances for electrical equipment required by NFPA 70.
2. Coordinate arrangement of electrical equipment with the dimensions and clearance requirements of the actual equipment to be

installed.

3. Coordinate minimum sizes of boxes with the actual installed arrangement of conductors, clamps, support fittings, and devices,

calculated according to NFPA 70.
4. Coordinate minimum sizes of pull boxes with the actual installed arrangement of connected conduits, calculated according to NFPA

70.
5. Coordinate the placement of boxes with millwork, furniture, devices, equipment, etc. installed under other sections or by others.

6. Coordinate the work with other trades to preserve insulation integrity.

7. Coordinate the work with other trades to provide walls suitable for installation of flush-mounted boxes where indicated.

8. Notify Engineer of any conflicts with or deviations from the contract documents. Obtain direction before proceeding with work.

1.03SUBMITTALS

A. Project Record Documents:  Record actual locations for outlet and device boxes, pull boxes, cabinets and enclosures, floor boxes, and

underground boxes/enclosures.

B. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project.

1. Keys for Lockable Enclosures:  Two of each different key.

1.04QUALITY ASSURANCE

A. Conform to requirements of NFPA 70.

PART 2  PRODUCTS

2.01 BOXES

A. General Requirements:

1. Do not use boxes and associated accessories for applications other than as permitted by NFPA 70 and product listing.

2. Provide all boxes, fittings, supports, and accessories required for a complete raceway system and to accommodate devices and

equipment to be installed.

3. Provide products listed, classified, and labeled as suitable for the purpose intended.

4. Where box size is not indicated, size to comply with NFPA 70 but not less than applicable minimum size requirements specified.

5. Provide grounding terminals within boxes where equipment grounding conductors terminate.

B. Outlet and Device Boxes Up to 100 cubic inches (1,650 cu cm), Including Those Used as Junction and Pull Boxes:

1. Use sheet-steel boxes for dry locations unless otherwise indicated or required.

2. Use 304 stainless steel for damp or wet locations unless otherwise indicated or required; furnish with compatible weatherproof

gasketed covers.

3. Use cast iron boxes or cast aluminum boxes where exposed galvanized steel rigid metal conduit or exposed intermediate metal

conduit (IMC) is used.

4. Use cast aluminum boxes where aluminum rigid metal conduit is used.

5. Use nonmetallic boxes where exposed rigid PVC conduit is used.

6. Use suitable concrete type boxes where flush-mounted in concrete.

7. Use suitable masonry type boxes where flush-mounted in masonry walls.

8. Use raised covers suitable for the type of wall construction and device configuration where required.

9. Use shallow boxes where required by the type of wall construction.

10. Do not use "through-wall" boxes designed for access from both sides of wall.

11. Sheet-Steel Boxes:  Comply with NEMA OS 1, and list and label as complying with UL 514A.
12. Cast Metal Boxes:  Comply with NEMA FB 1, and list and label as complying with UL 514A; furnish with threaded hubs.

13. Nonmetallic Boxes:  Comply with NEMA OS 2, and list and label as complying with UL 514C.
14. Boxes for Supporting Luminaires and Ceiling Fans:  Listed as suitable for the type and weight of load to be supported; furnished with

fixture stud to accommodate mounting of luminaire where required.

15. Boxes for Ganged Devices:  Use multigang boxes of single-piece construction. Do not use field-connected gangable boxes.

16. Minimum Box Size, Unless Otherwise Indicated:

a. Wiring Devices (Other Than Communications Systems Outlets):  4 inch square by 1-1/2 inch deep (100 by 38 mm) trade size.

17. Wall Plates:  Comply with Section 26 27 26.

C. Cabinets and Enclosures, Including Junction and Pull Boxes Larger Than 100 cubic inches (1,650 cu cm):

1. Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E, or UL 508A.
2. NEMA 250 Environment Type, Unless Otherwise Indicated:

a. Indoor Clean, Dry Locations:  Type 1, painted steel.

b. Outdoor Locations:  Type 4X, stainless steel.

3. Junction and Pull Boxes Larger Than 100 cubic inches (1,650 cu cm):

a. Provide screw-cover or hinged-cover enclosures unless otherwise indicated.

b. Boxes 6 square feet (0.56 sq m) and Larger:  Provide sectionalized screw-cover or hinged-cover enclosures.

4. Cabinets and Hinged-Cover Enclosures, Other Than Junction and Pull Boxes:

a. Provide lockable hinged covers, all locks keyed alike unless otherwise indicated.

b. Back Panels:  Painted steel, removable.

c. Terminal Blocks:  Provide voltage/current ratings and terminal quantity suitable for purpose indicated, with 25 percent spare

terminal capacity.

5. Finish for Painted Steel Enclosures:  Manufacturer's standard grey unless otherwise indicated.

D. Boxes for Hazardous (Classified) Locations:  Listed and labeled as complying with UL 1203 for the classification of the installed location.

E. Underground Boxes/Enclosures:

1. Description:  In-ground, open bottom boxes furnished with flush, non-skid covers with legend indicating type of service and stainless

steel tamper resistant cover bolts.

2. Size:  As indicated on drawings.

3. Depth:  As required to extend below frost line to prevent frost upheaval, but not less than 12 inches (300 mm).

4. Provide logo on cover to indicate type of service.

5. Applications:

a. Sidewalks and Landscaped Areas Subject Only to Occasional Nondeliberate Vehicular Traffic:  Use polymer concrete enclosures,

with minimum SCTE 77, Tier 8 load rating.

b. Parking Lots, in Areas Subject Only To Occasional Nondeliberate Vehicular Traffic:  Use polymer concrete enclosures, with

minimum SCTE 77, Tier 15 load rating.

c. Do not use polymer concrete enclosures in areas subject to deliberate vehicular traffic.

6. Polymer Concrete Underground Boxes/Enclosures:  Comply with SCTE 77.
a. Combination fiberglass/polymer concrete boxes/enclosures are acceptable.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install boxes in accordance with NECA 1 (general workmanship) and, where applicable, NECA 130, including mounting heights specified

in those standards where mounting heights are not indicated.

C. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and NFPA 70.

D. Unless otherwise indicated, provide separate boxes for line voltage and low voltage systems.

E. Unless otherwise indicated, boxes may be surface-mounted where exposed conduits are indicated or permitted.

F. Box Locations:

1. Locate boxes as required for devices installed under other sections or by others.

2. Locate junction and pull boxes as indicated, as required to facilitate installation of conductors, and to limit conduit length and/or

number of bends between pulling points in accordance with Section 26 05 33.13.

G. Box Supports:

1. Secure and support boxes in accordance with NFPA 70 and Section 26 05 29 using suitable supports and methods approved by the

authority having jurisdiction.

2. Provide independent support from building structure except for cast metal boxes (other than boxes used for fixture support) supported

by threaded conduit connections in accordance with NFPA 70. Do not provide support from piping, ductwork, or other systems.

H. Install boxes plumb and level.

I. Install boxes as required to preserve insulation integrity.

J. Underground Boxes/Enclosures:

1. Install enclosure on gravel base, minimum 6 inches (150 mm) deep.

2. Flush-mount enclosures located in concrete or paved areas.

3. Mount enclosures located in landscaped areas with top at 1 inch (25 mm) above finished grade.

4. Install additional bracing inside enclosures in accordance with manufacturer's instructions to minimize box sidewall deflections during

backfilling. Backfill with cover bolted in place.

K. Install permanent barrier between ganged wiring devices when voltage between adjacent devices exceeds 300 V.

L. Close unused box openings.

M. Install blank wall plates on junction boxes and on outlet boxes with no devices or equipment installed or designated for future use.

N. Provide grounding and bonding in accordance with Section 26 05 26.

3.02 CLEANING

A. Clean interior of boxes to remove dirt, debris, plaster and other foreign material.

3.03 PROTECTION

A. Immediately after installation, protect boxes from entry of moisture and foreign material until ready for installation of conductors.

END OF SECTION

SECTION 26 05 53

IDENTIFICATION FOR ELECTRICAL SYSTEMS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Electrical identification requirements.

B. Identification nameplates and labels.

C. Wire and cable markers.

D. Voltage markers.

E. Underground warning tape.

F. Warning signs and labels.

PART 2  PRODUCTS

2.01 IDENTIFICATION REQUIREMENTS

A. Identification for Equipment:

1. Use identification nameplate to identify each piece of electrical distribution and control equipment and associated sections,

compartments, and components.

a. Motor Control Centers:

1) Use identification nameplate to identify load(s) served for each branch device. Do not identify spares and spaces.

b. Panelboards:

1) Identify power source and circuit number. Include location when not within sight of equipment.

2) Use typewritten circuit directory to identify load(s) served for panelboards with a door. Identify spares and spaces using pencil.

3) For power panelboards without a door, use identification nameplate to identify load(s) served for each branch device. Do not

identify spares and spaces.

2. Service Equipment:

a. Use identification nameplate to identify each service disconnecting means.

3. Emergency System Equipment:

a. Use identification nameplate or voltage marker to identify emergency system equipment in accordance with NFPA 70.
b. Use identification nameplate at each piece of service equipment to identify type and location of on-site emergency power sources.

c. Use identification nameplate to identify emergency operating instructions for emergency system equipment.

4. Use voltage marker to identify highest voltage present for each piece of electrical equipment.

5. Use identification label or handwritten text using indelible marker on inside of door at each fused switch to identify required NEMA

fuse class and size.

6. Use identification label or handwritten text using indelible marker on inside of door at each motor controller to identify nameplate

horsepower, full load amperes, code letter, service factor, voltage, and phase of motor(s) controlled.

7. Available Fault Current Documentation:  Use identification label or identification nameplate to identify the available fault current and

date calculations were performed at locations requiring documentation by NFPA 70, including but not limited to the following.

a. Service equipment.

b. Industrial control panels.

c. Motor control centers.

d. Industrial machinery.

8. Arc Flash Hazard Warning Labels:  Use warning labels to identify arc flash hazards for electrical equipment, such as switchboards,

panelboards, industrial control panels, meter socket enclosures, and motor control centers that are likely to require examination,

adjustment, servicing, or maintenance while energized.

a. Minimum Size:  3.5 by 5 inches (89 mm by 127 mm).

b. Legend:  Include orange header that reads "WARNING", followed by the word message "Arc Flash and Shock Hazard;

Appropriate PPE Required; Do not operate controls or open covers without appropriate personal protection equipment; Failure to

comply may result in injury or death; Refer to NFPA 70E for minimum PPE requirements" or approved equivalent.

B. Identification for Conductors and Cables:

1. Color Coding for Power Conductors 600 V and Less:  Comply with Section 26 05 19.

2. Use identification nameplate or identification label to identify color code for ungrounded and grounded power conductors inside door

or enclosure at each piece of feeder or branch-circuit distribution equipment when premises has feeders or branch circuits served by

more than one nominal voltage system.

3. Use wire and cable markers to identify circuit number or other designation indicated for power, control, and instrumentation

conductors and cables at the following locations:

a. At each source and load connection.

b. Within boxes when more than one circuit is present.

c. Within equipment enclosures when conductors and cables enter or leave the enclosure.
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C. Identification for Raceways:

1. Use voltage markers to identify highest voltage present for accessible conduits at maximum intervals of 20 feet (6.1 m).

2. Use underground warning tape to identify underground raceways.

D. Identification for Boxes:

1. Use voltage markers to identify highest voltage present.

E. Identification for Devices:

1. Wiring Device and Wallplate Finishes:  Comply with Section 26 27 26.

2.02 IDENTIFICATION NAMEPLATES AND LABELS

A. Identification Nameplates:

1. Materials:

a. Indoor Clean, Dry Locations:  Use plastic nameplates.

b. Outdoor Locations:  Use plastic, stainless steel, or aluminum nameplates suitable for exterior use.

2. Plastic Nameplates:  Two-layer or three-layer laminated acrylic or electrically non-conductive phenolic with beveled edges; minimum

thickness of 1/16 inch (1.6 mm); engraved text.

3. Stainless Steel Nameplates:  Minimum thickness of 1/32 inch (0.8 mm); engraved or laser-etched text.

4. Aluminum Nameplates:  Anodized; minimum thickness of 1/32 inch (0.8 mm); engraved or laser-etched text.

5. Mounting Holes for Mechanical Fasteners:  Two, centered on sides for sizes up to 1 inch (25 mm) high; Four, located at corners for

larger sizes.

B. Identification Labels:

1. Materials:  Use self-adhesive laminated plastic labels; UV, chemical, water, heat, and abrasion resistant.

2. Text:  Use factory pre-printed or machine-printed text. Do not use handwritten text unless otherwise indicated.

C. Format for Equipment Identification:

1. Minimum Size:  1 inch (25 mm) by 2.5 inches (64 mm).

2. Legend:

a. Equipment designation or other approved description.

3. Text: All capitalized unless otherwise indicated.

4. Minimum Text Height:

a. Equipment Designation:  1/2 inch (13 mm).

5. Color:

a. Normal Power System:  White text on black background.

b. Emergency Power System:  White text on red background.

D. Format for General Information and Operating Instructions:

1. Minimum Size:  1 inch (25 mm) by 2.5 inches (64 mm).

2. Legend:  Include information or instructions indicated or as required for proper and safe operation and maintenance.

3. Text: All capitalized unless otherwise indicated.

4. Minimum Text Height:  1/4 inch (6 mm).

5. Color:  Black text on white background unless otherwise indicated.

E. Format for Caution and Warning Messages:

1. Minimum Size:  2 inches (51 mm) by 4 inches (100 mm).

2. Legend:  Include information or instructions indicated or as required for proper and safe operation and maintenance.

3. Text: All capitalized unless otherwise indicated.

4. Minimum Text Height:  1/2 inch (13 mm).

5. Color:  Black text on yellow background unless otherwise indicated.

F. Format for Control Device Identification:

1. Minimum Size:  3/8 inch (10 mm) by 1.5 inches (38 mm).

2. Legend:  Load controlled or other designation indicated.

3. Text: All capitalized unless otherwise indicated.

4. Minimum Text Height:  3/16 inch (5 mm).

5. Color:  Black text on clear background.

2.03 WIRE AND CABLE MARKERS

A. Markers for Conductors and Cables:  Use wrap-around self-adhesive vinyl cloth, wrap-around self-adhesive vinyl self-laminating,

heat-shrink sleeve, plastic sleeve, plastic clip-on, or vinyl split sleeve type markers suitable for the conductor or cable to be identified.

B. Markers for Conductor and Cable Bundles:  Use plastic marker tags secured by nylon cable ties.

C. Legend:  Power source and circuit number or other designation indicated.

D. Text:  Use factory pre-printed or machine-printed text, all capitalized unless otherwise indicated.

E. Minimum Text Height:  1/8 inch (3 mm).

F. Color:  Black text on white background unless otherwise indicated.

2.04 VOLTAGE MARKERS

A. Markers for Conduits:  Use factory pre-printed self-adhesive vinyl, self-adhesive vinyl cloth, or vinyl snap-around type markers.

B. Markers for Boxes and Equipment Enclosures:  Use factory pre-printed self-adhesive vinyl or self-adhesive vinyl cloth type markers.

C. Minimum Size:

1. Markers for Equipment:  1 1/8 by 4 1/2 inches (29 by 110 mm).

2. Markers for Conduits:  As recommended by manufacturer for conduit size to be identified.

3. Markers for Pull Boxes:  1 1/8 by 4 1/2 inches (29 by 110 mm).

4. Markers for Junction Boxes:  1/2 by 2 1/4 inches (13 by 57 mm).

D. Legend:

1. Markers for Voltage Identification:  Highest voltage present.

E. Color:  Black text on orange background unless otherwise indicated.

2.05 UNDERGROUND WARNING TAPE

A. Materials:  Use foil-backed detectable type polyethylene tape suitable for direct burial, unless otherwise indicated.

B. Foil-backed Detectable Type Tape:  3 inches (76 mm) wide, with minimum thickness of 5 mil (0.1 mm), unless otherwise required for

proper detection.

C. Legend:  Type of service, continuously repeated over full length of tape.

D. Color:

1. Tape for Buried Power Lines:  Black text on red background.

2. Tape for Buried Communication, Alarm, and Signal Lines:  Black text on orange background.

2.06 WARNING SIGNS AND LABELS

A. Comply with ANSI Z535.2 or ANSI Z535.4 as applicable.

B. Warning Signs:

1. Materials:

a. Indoor Dry, Clean Locations:  Use factory pre-printed rigid plastic or self-adhesive vinyl signs.

b. Outdoor Locations:  Use factory pre-printed rigid aluminum signs.

2. Rigid Signs:  Provide four mounting holes at corners for mechanical fasteners.

3. Minimum Size:  7 by 10 inches (178 by 254 mm) unless otherwise indicated.

C. Warning Labels:

1. Materials:  Use factory pre-printed or machine-printed self-adhesive polyester or self-adhesive vinyl labels; UV, chemical, water, heat,

and abrasion resistant; produced using materials recognized to UL 969.

2. Machine-Printed Labels:  Use thermal transfer process printing machines and accessories recommended by label manufacturer.

3. Minimum Size:  2 by 4 inches (51 mm by 102 mm) unless otherwise indicated.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install identification products to be plainly visible for examination, adjustment, servicing, and maintenance. Unless otherwise indicated,

locate products as follows:

1. Surface-Mounted Equipment:  Enclosure front.

2. Flush-Mounted Equipment:  Inside of equipment door.

3. Free-Standing Equipment:  Enclosure front; also enclosure rear for equipment with rear access.

4. Elevated Equipment:  Legible from the floor or working platform.

5. Branch Devices:  Adjacent to device.

6. Interior Components:  Legible from the point of access.

7. Conduits:  Legible from the floor.

8. Boxes:  Outside face of cover.

9. Conductors and Cables:  Legible from the point of access.

10. Devices:  Outside face of cover.

C. Install identification products centered, level, and parallel with lines of item being identified.

D. Secure nameplates to exterior surfaces of enclosures using stainless steel screws and to interior surfaces using self-adhesive backing or

epoxy cement.

E. Install self-adhesive labels and markers to achieve maximum adhesion, with no bubbles or wrinkles and edges properly sealed.

F. Install underground warning tape above buried lines with one tape per trench at 3 inches (75 mm) below finished grade.

G. Secure rigid signs using stainless steel screws.

H. Mark all handwritten text, where permitted, to be neat and legible.

3.02 FIELD QUALITY CONTROL

A. Replace self-adhesive labels and markers that exhibit bubbles, wrinkles, curling or other signs of improper adhesion.

END OF SECTION

SECTION 26 05 83

WIRING CONNECTIONS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Electrical connections to equipment.

PART 2  PRODUCTS

2.01 EQUIPMENT CONNECTIONS

A. Electrical requirements shown on drawings.:

PART 3  EXECUTION

3.01 ELECTRICAL CONNECTIONS

A. Make electrical connections in accordance with equipment manufacturer's instructions.

B. Make conduit connections to equipment using flexible conduit.  Use liquidtight flexible conduit with watertight connectors in damp or wet

locations.

C. Connect heat producing equipment using wire and cable with insulation suitable for temperatures encountered.

D. Provide receptacle outlet to accommodate connection with attachment plug.

E. Provide cord and cap where field-supplied attachment plug is required.

F. Install suitable strain-relief clamps and fittings for cord connections at outlet boxes and equipment connection boxes.

G. Install disconnect switches, controllers, control stations, and control devices to complete equipment wiring requirements.

H. Install terminal block jumpers to complete equipment wiring requirements.

I. Install interconnecting conduit and wiring between devices and equipment to complete equipment wiring requirements.

END OF SECTION

SECTION 26 09 23

LIGHTING CONTROL DEVICES

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Outdoor motion sensors.

B. Outdoor photo controls.

1.02 SUBMITTALS

A. Product Data:  Include ratings, configurations, standard wiring diagrams, dimensions, colors, service condition requirements, and installed

features.

B. Field Quality Control Reports.

C. Operation and Maintenance Data:  Include detailed information on device programming and setup.

D. Project Record Documents:  Record actual installed locations and settings for lighting control devices.

PART 2  PRODUCTS

2.01 LIGHTING CONTROL DEVICES -  GENERAL REQUIREMENTS

A. Provide products listed, classified, and labeled as suitable for the purpose intended.

B. Unless specifically indicated to be excluded, provide all required conduit, wiring, connectors, hardware, components, accessories, etc. as

required for a complete operating system.

2.02 OUTDOOR MOTION SENSORS

A. Description:  Factory-assembled wet location listed device suitable for wall or ceiling/eave mounting, with integral swivel for field

adjustment of coverage, capable of detecting motion for automatic control of load indicated.

B. Sensor Technology:  Passive Infrared (PIR) designed to detect occupancy by sensing movement of thermal energy between zones.

C. Operation:  Unless otherwise indicated, motion sensor to turn load on when motion is detected and to turn load off when no motion is

detected during an adjustable turn-off delay time interval.

D. Turn-Off Delay:  Field adjustable, with time delay settings available up to 15 minutes.

E. Integral Photocell:  For dusk to dawn operation.

F. Manual Override:  Activated by switching power off to unit and then back on.

G. Load Rating:  1,000 W incandescent and fluorescent load at 120 V ac.

H. Coverage:  Capable of detecting motion within a distance of 50 feet (15 m) at a mounting height of 8 feet (2.4 m), with a field of view of

270 degrees.

2.03 OUTDOOR PHOTO CONTROLS

A. Stem-Mounted Outdoor Photo Controls:

1. Description:  Direct-wired photo control unit with threaded conduit mounting stem and field-adjustable swivel base, listed and labeled

as complying with UL 773A.
2. Housing:  Weatherproof, impact resistant polycarbonate.

3. Photo Sensor:  Cadmium sulfide.

4. Provide external sliding shield for field adjustment of light level activation.

5. Light Level Activation:  1 to 5 footcandles (10.8 to 53.8 lux) turn-on and 3 to 1 turn-off to turn-on ratio with delayed turn-off.

6. Voltage:  As required to control the load indicated on the drawings.

7. Failure Mode:  Fails to the on position.

8. Load Rating:  As required to control the load indicated on the drawings.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install lighting control devices in accordance with NECA 1 (general workmanship) and, where applicable, NECA 130, including mounting

heights specified in those standards unless otherwise indicated.

B. Coordinate locations of outlet boxes provided under Section 26 05 33.16 as required for installation of lighting control devices provided

under this section.

C. Install lighting control devices in accordance with manufacturer's instructions.

D. Unless otherwise indicated, connect lighting control device grounding terminal or conductor to branch circuit equipment grounding

conductor and to outlet box with bonding jumper.

E. Install lighting control devices plumb and level, and held securely in place.

F. Where required and not furnished with lighting control device, provide wall plate in accordance with Section 26 27 26.

G. Provide required supports in accordance with Section 26 05 29.

H. Where applicable, install lighting control devices and associated wall plates to fit completely flush to mounting surface with no gaps and

rough opening completely covered without strain on wall plate. Repair or reinstall improperly installed outlet boxes or improperly sized

rough openings. Do not use oversized wall plates in lieu of meeting this requirement.

I. Outdoor Photo Control Locations:

1. Where possible, locate outdoor photo controls with photo sensor facing north. If north facing photo sensor is not possible, install with

photo sensor facing east, west, or down.

2. Locate outdoor photo controls so that photo sensors do not face artificial light sources, including light sources controlled by the photo

control itself.

J. Install outdoor photo controls so that connections are weatherproof. Do not install photo controls with conduit stem facing up in order to

prevent infiltration of water into the photo control.

3.02 FIELD QUALITY CONTROL

A. Inspect each lighting control device for damage and defects.

B. Test occupancy sensors to verify proper operation, including time delays and ambient light thresholds where applicable. Verify optimal

coverage for entire room or area. Record test results in written report to be included with submittals.

C. Test outdoor photo controls to verify proper operation, including time delays where applicable.

D. Correct wiring deficiencies and replace damaged or defective lighting control devices.

3.03 ADJUSTING

A. Adjust devices and wall plates to be flush and level.

B. Adjust position of outdoor motion sensors to achieve optimal coverage as required.

C. Adjust external sliding shields on outdoor photo controls under optimum lighting conditions to achieve desired turn-on and turn-off

activation as indicated or as directed by Engineer.

3.04 CLOSEOUT ACTIVITIES

A. Demonstration:  Demonstrate proper operation of lighting control devices to Engineer, and correct deficiencies or make adjustments as

directed.

END OF SECTION

SECTION 26 21 00

LOW-VOLTAGE ELECTRICAL SERVICE ENTRANCE

PART 1  GENERAL

1.01 SECTION INCLUDES

A. Electrical service requirements.

1.02 DEFINITIONS

A. Service Point:  The point of connection between the facilities of the serving utility and the premises wiring as defined in NFPA 70, and as

designated by the Utility Company.

1.03 ADMINISTRATIVE REQUIREMENTS

A. No later than two weeks following date of the Agreement, notify Utility Company of anticipated date of service.

B. Coordination:

1. Verify the following with Utility Company representative:

a. Utility Company requirements, including division of responsibility.

b. Exact location and details of utility point of connection.

c. Utility easement requirements.

d. Utility Company charges associated with providing service.

2. Coordinate the work with other trades to avoid placement of other utilities or obstructions within the spaces dedicated for electrical

service and associated equipment.

3. Coordinate arrangement of service entrance equipment with the dimensions and clearance requirements of the actual equipment to

be installed.

4. Notify Engineer of any conflicts with or deviations from the contract documents. Obtain direction before proceeding with work.

C. Arrange for Utility Company to provide permanent electrical service.  Prepare and submit documentation required by Utility Company.

D. Utility Company charges associated with providing permanent service to be paid by Owner.

E. Preinstallation Meeting:  Convene one week prior to commencing work of this section to review service requirements and details with

Utility Company representative.

F. Scheduling:

1. Arrange for inspections necessary to obtain Utility Company approval of installation.

1.04 SUBMITTALS

A. Project Record Documents:  Record actual locations of equipment and installed service routing.

1.05 QUALITY ASSURANCE

A. Comply with the following:

1. IEEE C2 (National Electrical Safety Code).

2. NFPA 70 (National Electrical Code).

3. The requirements of the Utility Company.

PART 2  PRODUCTS

2.01 ELECTRICAL SERVICE REQUIREMENTS

A. Provide new electrical service consisting of all required conduits, conductors, equipment, metering provisions, supports, accessories, etc.

as necessary for connection between Utility Company point of supply and service entrance equipment.

B. Electrical Service Characteristics:  As indicated on drawings.

C. Utility Company:  AEP Ohio.

D. Division of Responsibility:  Per Utility Company requirements.

E. Products Furnished by Contractor:  Comply with Utility Company requirements.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that ratings and configurations of service entrance equipment are consistent with the indicated requirements.

C. Verify that conditions are satisfactory for installation prior to starting work.

3.02 PREPARATION

3.03 INSTALLATION

A. Install products in accordance with manufacturer's instructions and Utility Company requirements.

B. Perform work in accordance with NECA 1 (general workmanship).

C. Arrange equipment to provide minimum clearances and required maintenance access.

D. Provide required support and attachment components in accordance with Section 26 05 29.

E. Provide grounding and bonding for service entrance equipment in accordance with Section 26 05 26.

F. Identify service entrance equipment, including main service disconnect(s) in accordance with Section 26 05 53.

3.04 PROTECTION

A. Protect installed equipment from subsequent construction operations.

END OF SECTION

SECTION 26 22 00

LOW-VOLTAGE TRANSFORMERS

PART 1  GENERAL

1.01SECTION INCLUDES

A. General purpose transformers.

1.02SUBMITTALS

A. Product Data:  Include voltage, kVA, impedance, tap configurations, insulation system class and rated temperature rise, efficiency, sound

level, enclosure ratings, outline and support point dimensions, weight, required clearances, service condition requirements, and installed

features.

B. Field Quality Control Test Reports.

C. Project Record Documents:  Record actual locations of transformers.

PART 2  PRODUCTS

2.01 TRANSFORMERS - GENERAL REQUIREMENTS

A. Description:  Factory-assembled, dry type transformers for 60 Hz operation designed and manufactured in accordance with NEMA ST 20

and listed, classified, and labeled as suitable for the purpose intended.

B. Unless noted otherwise, transformer ratings indicated are for continuous loading according to IEEE C57.96 under the following service

conditions:

1. Altitude:  Less than 3,300 feet (1,000 m).

2. Ambient Temperature:

a. Greater than 10 kVA:  Not exceeding 104 degrees F (40 degrees C).

b. Less than 10 kVA:  Not exceeding 77 degrees F (25 degrees C).

C. Core:  High grade, non-aging silicon steel with high magnetic permeability and low hysteresis and eddy current losses. Keep magnetic

flux densities substantially below saturation point, even at 10 percent primary overvoltage. Tightly clamp core laminations to prevent plate

movement and maintain consistent pressure throughout core length.

D. Impregnate core and coil assembly with non-hydroscopic thermo-setting varnish to effectively seal out moisture and other contaminants.

E. Basic Impulse Level:  10 kV.

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

G. Isolate core and coil from enclosure using vibration-absorbing mounts.

H. Nameplate:  Include transformer connection data, ratings, wiring diagrams, and overload capacity based on rated winding temperature

rise.

2.02 GENERAL PURPOSE TRANSFORMERS

A. Description:  Self-cooled, two winding transformers listed and labeled as complying with UL 506 or UL 1561; ratings as indicated on the

drawings.

B. Insulation System and Allowable Average Winding Temperature Rise:

1. Less than 15 kVA:  Class 180 degrees C insulation system with 115 degrees C average winding temperature rise.

2. 15 kVA and Larger:  Class 220 degrees C insulation system with 150 degrees C average winding temperature rise.

C. Coil Conductors:  Continuous aluminum windings with terminations brazed or welded.

D. Winding Taps:

1. Less than 3 kVA:  None.

2. 3 kVA through 15 kVA:  Two 5 percent full capacity primary taps below rated voltage.

3. 15 kVA through 300 kVA:  Two 2.5 percent full capacity primary taps above and four 2.5 percent full capacity primary taps below

rated voltage.

E. Energy Efficiency:  Comply with 10 CFR 431, Subpart K.

F. Sound Levels:  Standard sound levels complying with NEMA ST 20.

G. Mounting Provisions:

1. Less than 15 kVA:  Suitable for wall mounting.

2. 15 kVA through 75 kVA:  Suitable for wall or floor mounting.

H. Transformer Enclosure:  Comply with NEMA ST 20.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the following installation locations:

a. Indoor clean, dry locations:  Type 2.

b. Outdoor locations:  Type 3R.

2. Construction:  Steel.

a. Less than 15 kVA:  Totally enclosed, non-ventilated.

b. 15 kVA and Larger:  Ventilated.

3. Finish:  Manufacturer's standard grey, suitable for outdoor installations.

4. Provide lifting eyes or brackets.

PART 3  EXECUTION

3.01 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Install transformers in accordance with NECA 409 and IEEE C57.94.

D. Use flexible conduit, under the provisions of Section 26 05 33.13, 2 feet (600 mm) minimum length, for connections to transformer case.

Make conduit connections to side panel of enclosure.

E. Arrange equipment to provide minimum clearances as specified on transformer nameplate and in accordance with manufacturer's

instructions and NFPA 70.

F. Provide grounding and bonding in accordance with Section 26 05 26.

G. Remove shipping braces and adjust bolts that attach the core and coil mounting bracket to the enclosure according to manufacturer's

recommendations in order to reduce audible noise transmission.

H. Where not factory-installed, install lugs sized as required for termination of conductors as indicated.

3.02 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA ATS, except Section 4.

3.03 ADJUSTING

A. Measure primary and secondary voltages and make appropriate tap adjustments.

B. Adjust tightness of mechanical and electrical connections to manufacturer's recommended torque settings.

END OF SECTION

SECTION 26 24 16

PANELBOARDS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Lighting and appliance panelboards.

B. Overcurrent protective devices for panelboards.

1.02SUBMITTALS

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for panelboards, enclosures, overcurrent protective

devices, and other installed components and accessories.

B. Shop Drawings:  Indicate outline and support point dimensions, voltage, main bus ampacity, overcurrent protective device arrangement

and sizes, short circuit current ratings, conduit entry locations, conductor terminal information, and installed features and accessories.

C. Project Record Documents:  Record actual installed locations of panelboards and actual installed circuiting arrangements.

PART 2  PRODUCTS

2.01 PANELBOARDS - GENERAL REQUIREMENTS

A. Provide products listed, classified, and labeled as suitable for the purpose intended.

B. Unless otherwise indicated, provide products suitable for continuous operation under the following service conditions:

1. Altitude:  Less than 6,600 feet (2,000 m).

2. Ambient Temperature:

a. Panelboards Containing Circuit Breakers:  Between 23 degrees F (-5 degrees C) and 104 degrees F (40 degrees C).

C. Mains:  Configure for top or bottom incoming feed as indicated or as required for the installation.

D. Branch Overcurrent Protective Devices:  Replaceable without disturbing adjacent devices.

E. Bussing:  Sized in accordance with UL 67 temperature rise requirements.

1. Provide solidly bonded equipment ground bus in each panelboard, with a suitable lug for each feeder and branch circuit equipment

grounding conductor.

F. Conductor Terminations:  Suitable for use with the conductors to be installed.

G. Enclosures:  Comply with NEMA 250, and list and label as complying with UL 50 and UL 50E.
1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the following installation locations:

a. Indoor Clean, Dry Locations:  Type 1.

b. Outdoor Locations:  Type 3R.

2. Boxes:  Galvanized steel unless otherwise indicated.

a. Provide wiring gutters sized to accommodate the conductors to be installed.

3. Fronts:

a. Fronts for Surface-Mounted Enclosures:  Same dimensions as boxes.

b. Fronts for Flush-Mounted Enclosures:  Overlap boxes on all sides to conceal rough opening.

c. Finish for Painted Steel Fronts:  Manufacturer's standard grey unless otherwise indicated.

4. Lockable Doors:  All locks keyed alike unless otherwise indicated.

H. Future Provisions:  Prepare all unused spaces for future installation of devices including bussing, connectors, mounting hardware and all

other required provisions.

I. Load centers are not acceptable.

2.02 LIGHTING AND APPLIANCE PANELBOARDS

A. Description:  Panelboards complying with NEMA PB 1, lighting and appliance branch circuit type, circuit breaker type, and listed and

labeled as complying with UL 67; ratings, configurations and features as indicated on the drawings.

B. Conductor Terminations:

1. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

2. Main and Neutral Lug Type:  Mechanical.

C. Bussing:

1. Phase Bus Connections:  Arranged for sequential phasing of overcurrent protective devices.

2. Phase and Neutral Bus Material:  Aluminum.

3. Ground Bus Material:  Aluminum.

D. Circuit Breakers:  Thermal magnetic bolt-on type unless otherwise indicated.

E. Enclosures:

1. Provide surface-mounted or flush-mounted enclosures as indicated.

2. Provide clear plastic circuit directory holder mounted on inside of door.

2.03 OVERCURRENT PROTECTIVE DEVICES

A. Molded Case Circuit Breakers:

1. Description:  Quick-make, quick-break, over center toggle, trip-free, trip-indicating circuit breakers listed and labeled as complying

with UL 489, and complying with FS W-C-375 where applicable; ratings, configurations, and features as indicated on the drawings.

2. Interrupting Capacity:

a. Provide circuit breakers with interrupting capacity as required to provide the short circuit current rating as required by the available

fault current, but not less than

1) 10,000 rms symmetrical amperes at 240 VAC or 208 VAC.

b. Fully Rated Systems:  Provide circuit breakers with interrupting capacity not less than the short circuit current rating indicated.

3. Conductor Terminations:

a. Provide mechanical lugs unless otherwise indicated.

b. Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

4. Thermal Magnetic Circuit Breakers:  For each pole, furnish thermal inverse time tripping element for overload protection and magnetic

instantaneous tripping element for short circuit protection.

5. Multi-Pole Circuit Breakers:  Furnish with common trip for all poles.
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PART 3  EXECUTION

3.01 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Install panelboards in accordance with NECA 407 and NEMA PB 1.1.

D. Arrange equipment to provide minimum clearances in accordance with manufacturer's instructions and NFPA 70.

E. Provide required supports in accordance with Section 26 05 29.

F. Install panelboards plumb.

G. Mount panelboards such that the highest position of any operating handle for circuit breakers or switches does not exceed 79 inches

(2000 mm) above the floor or working platform.

H. Provide grounding and bonding in accordance with Section 26 05 26.

I. Install all field-installed branch devices, components, and accessories.

J. Provide filler plates to cover unused spaces in panelboards.

3.02 FIELD QUALITY CONTROL

A. Inspect and test in accordance with NETA ATS, except Section 4.

B. Molded Case Circuit Breakers:  Perform inspections and tests listed in NETA ATS, Section 7.6.1.1 for all main circuit breakers and circuit

breakers larger than 20 amperes. Tests listed as optional are not required.

C. Test GFCI circuit breakers to verify proper operation.

D. Correct deficiencies and replace damaged or defective panelboards or associated components.

END OF SECTION

SECTION 26 24 19

MOTOR-CONTROL CENTERS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Low-voltage (600 V and less) standard (non-arc-resistant) NEMA motor control centers.

B. Motor control center units:

1. Feeder units.

2. Combination magnetic motor starter units.

C. Overcurrent protective devices for motor control centers and associated units, including overload relays.

D. Motor control accessories:

1. Auxiliary contacts.

2. Pilot devices.

3. Control and timing relays.

4. Control power transformers.

5. Control terminal blocks.

1.02SUBMITTALS

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for motor control centers, enclosures, units, overcurrent

protective devices, and other installed components and accessories.

B. Shop Drawings:  Indicate dimensions, voltage, bus ampacities, unit arrangement and sizes, short circuit current ratings, conduit entry

locations, conductor terminal information, and installed features and accessories.

C. Field Quality Control Test Reports.

D. Project Record Documents:  Record actual installed locations of motor control centers and final equipment settings.

PART 2  PRODUCTS

2.01 MANUFACTURERS

A. Motor Control Centers:

1. Rockwell Automation, Inc.; Allen-Bradley Products:  ab.rockwellautomation.com.

2.02 MOTOR CONTROL CENTERS

A. Provide motor control centers consisting of all required components, control power transformers, instrumentation and control wiring,

accessories, etc. as necessary for a complete operating system.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Description:  Dead-front standard (non-arc-resistant) type motor control center assemblies complying with NEMA ICS 18, and listed and

labeled as complying with UL 845; ratings, configurations and features as indicated on the drawings.

D. Configuration:

1. Arrangement:  Front-mounted units only (no rear-mounted units or back-to-back configuration).

2. NEMA Classification and Wiring Type:  NEMA ICS 18, Class I, Type B (B-T for units size 3 or smaller).

E. Service Conditions:

1. Provide motor control centers and associated components suitable for operation under the following service conditions without

derating:

a. Altitude:

1) Class 1 Km Equipment (devices utilizing power semiconductors, e.g. variable frequency controllers):  Less than 3,300 feet

(1,000 m).

2) Class 2 Km Equipment (electromagnetic and manual devices):  Less than 6,600 feet (2,000 m).

b. Ambient Temperature:  Between 32 degrees F (0 degrees C) and 104 degrees F (40 degrees C).

2. Provide motor control centers and associated components suitable for operation at indicated ratings under the service conditions at

the installed location.

F. Short Circuit Current Rating:

1. Provide motor control centers and associated units with listed short circuit current rating not less than the available fault current at the

installed location as indicated on the drawings.

G. Bussing:

1. Horizontal Main Bus:  Size for a maximum temperature rise of 117 degrees F (65 degrees C) over an ambient temperature of 104

degrees F (40 degrees C), in compliance with NEMA ICS 18 and UL 845 requirements.

2. Vertical Bus:  Minimum size of 300 A, in compliance with NEMA ICS 18 requirements.

3. Provide fully rated neutral lug pad in incoming section where neutral is indicated, with a suitable lug for each feeder and branch circuit

requiring a neutral connection.

4. Provide solidly bonded equipment ground bus through full length of motor control center, with a suitable lug for each feeder and

branch circuit equipment grounding conductor.

5. Phase and Neutral Bus Material:  Copper.

6. Ground Bus Material:  Copper.

H. Conductor Terminations:  Suitable for use with the conductors to be installed.

1. Line Conductor Terminations:

a. Main and Neutral Lug Material:  Aluminum, suitable for terminating aluminum or copper conductors.

b. Main and Neutral Lug Type:  Mechanical.

I. Enclosures:

1. Comply with NEMA ICS 6.
2. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the following installation locations:

a. Indoor Clean, Dry Locations:  Type 12.

3. Finish:  Manufacturer's standard unless otherwise indicated.

J. Future Provisions:

1. Prepare designated spaces for future installation of devices including bussing, connectors, mounting hardware and all other required

provisions.

K. Surge Protective Devices:  Comply with Section 26 43 00.

L. Owner Metering:

1. Provide microprocessor-based digital electrical metering system including all instrument transformers, wiring, and connections

necessary for measurements specified.

2. Measured Parameters:

a. Voltage (Volts AC):  Line-to-line, line-to-neutral for each phase.

b. Current (Amps):  For each phase and neutral.

c. Frequency (Hz).

d. Real power (kW):  For each phase, 3-phase total.

e. Reactive power (kVAR):  For each phase, 3-phase total.

f. Apparent power (kVA):  For each phase, 3-phase total.

g. Power factor.

3. Meter Accuracy:  Plus/minus 1.0 percent.

M. Instrument Transformers:

1. Comply with IEEE C57.13.
2. Select suitable ratio, burden, and accuracy as required for connected devices.

3. Current Transformers:  Connect secondaries to shorting terminal blocks.

4. Potential Transformers:  Include primary and secondary fuses with disconnecting means.

2.03 MOTOR CONTROL CENTER UNITS

A. Feeder Units:  Fusible switch type.

B. Combination Magnetic Motor Starter Units:

1. Description:  NEMA ICS 2, Class A combination motor controllers with magnetic contactor(s), externally operable disconnect and

overload relay(s).

2. Configuration:  Full-voltage non-reversing type unless otherwise indicated.

3. Disconnects:  Fusible switch type.

a. Provide externally operable handle with means for locking in the OFF position. Provide safety interlock to prevent opening the

cover with the disconnect in the ON position with capability of overriding interlock for testing purposes.

b. Provide auxiliary interlock for disconnection of external control power sources where applicable.

4. Overload Relays:  Bimetallic thermal type unless otherwise indicated.

C. Variable-Frequency AC Drive Units:  Comply with Section 26 29 23.

2.04 OVERCURRENT PROTECTIVE DEVICES

A. Overload Relays:

1. Provide overload relays and, where applicable, associated current elements/heaters, selected according to actual installed motor

nameplate data, in accordance with manufacturer's recommendations and NFPA 70; include consideration for motor service factor

and ambient temperature correction, where applicable.

2. Inverse-Time Trip Class Rating:  Class 20 unless otherwise indicated or required.

3. Trip-free operation.

4. Visible trip indication.

5. Resettable.

a. Employ manual reset unless otherwise indicated.

b. Do not employ automatic reset with two-wire control.

6. Bimetallic Thermal Overload Relays:

a. Interchangeable current elements/heaters.

b. Adjustable trip; plus/minus 10 percent of nominal, minimum.

c. Trip test function.

B. Fusible Devices:

1. Fusible Switches:

a. Description:  Quick-make, quick-break, dead-front fusible switch units complying with NEMA KS 1, and listed and labeled as

complying with UL 98; ratings, configurations, and features as indicated on the drawings.

b. Fuse Clips:  As required to accept indicated fuses.

c. Provide externally operable handle with means for locking in the OFF position. Provide means for locking switch cover in the

closed position. Provide safety interlock to prevent opening the cover with the switch in the ON position with capability of

overriding interlock for testing purposes.

2.05 MOTOR CONTROL ACCESSORIES

A. Auxiliary Contacts:

1. Comply with NEMA ICS 5.
2. Provide number and type of contacts indicated or required to perform necessary functions, including holding (seal-in) circuit and

interlocking, plus one normally open (NO) and one normally closed (NC) spare contact for each starter unit, minimum.

B. Pilot Devices:

1. Comply with NEMA ICS 5; heavy-duty type.

2. Pushbuttons:  Unless otherwise indicated, provide momentary, non-illuminated type with flush button operator; normally open or

normally closed as indicated or as required.

3. Selector Switches:  Unless otherwise indicated, provide maintained, non-illuminated type with knob operator; number of switch

positions as indicated or as required.

4. Indicating Lights:  Push-to-test type unless otherwise indicated.

5. Provide LED lamp source for indicating lights and illuminated devices.

C. Control and Timing Relays:

1. Comply with NEMA ICS 5.
2. Provide number and type of relays indicated or required to perform necessary functions.

D. Control Power Transformers:

1. Size to accommodate burden of contactor coil(s) and all connected auxiliary devices, plus 25 percent spare capacity.

2. Include primary and secondary fuses.

E. Control Terminal Blocks:  Include 25 percent spare terminals.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install products in accordance with manufacturer's instructions.

B. Install motor control centers in accordance with NECA 1 (general workmanship), NECA 402, and NEMA ICS 2.3.

C. Arrange equipment to provide required clearances and maintenance access, including accommodations for any drawout devices.

D. Provide required support and attachment components in accordance with Section 26 05 29.

E. Install motor control centers plumb and level.

F. Unless otherwise indicated, mount motor control centers on properly sized 4 inch (100 mm) high concrete pad constructed in accordance

with Section 03 30 00.

G. Provide grounding and bonding in accordance with Section 26 05 26.

H. Install all field-installed devices, components, and accessories.

I. Provide fuses complying with Section 26 28 13 for fusible switches as indicated.

J. Where accessories are not self-powered, provide control power source as indicated or as required to complete installation.

K. Set field-adjustable motor controllers and associated components according to installed motor requirements, in accordance with

manufacturer's recommendations and NFPA 70.

L. Provide filler plates to cover unused spaces.

3.02 FIELD QUALITY CONTROL

A. Provide services of a manufacturer's authorized representative to observe installation and assist in inspection and testing. Include

manufacturer's reports with submittals.

B. Disconnect surge protective devices (SPDs) prior to performing any high potential testing. Replace SPDs damaged by performing high

potential testing with SPDs connected.

C. Before energizing motor control center, perform insulation resistance testing in accordance with NECA 402 and NEMA ICS 2.3.

D. Inspect and test in accordance with NETA ATS, except Section 4.

E. Perform inspections and tests listed in NETA ATS, Section 7.16.2.1.

F. Motor Starters:  Perform inspections and tests listed in NETA ATS, Section 7.16.1.1. Tests listed as optional are not required.

G. Fusible Switches:  Perform inspections and tests listed in NETA ATS, Section 7.5.1.1.

H. Meters:  Perform inspections and tests listed in NETA ATS, Section 7.11.2.

I. Instrument Transformers:  Perform inspections and tests listed in NETA ATS, Section 7.10.

J. Correct deficiencies and replace damaged or defective motor control centers or associated components.

3.03 ADJUSTING

A. Adjust tightness of mechanical and electrical connections to manufacturer's recommended torque settings.

B. Adjust alignment of motor control center covers and doors.

3.04 CLEANING

A. Clean dirt and debris from motor control center enclosures and components according to manufacturer's instructions.

B. Repair scratched or marred surfaces to match original factory finish.

3.05 CLOSEOUT ACTIVITIES

A. Demonstration:  Demonstrate proper operation of motor controllers to Owner, and correct deficiencies or make adjustments as directed.

B. Training:  Train Owner's personnel on operation, adjustment, and maintenance of motor control center and associated devices.

1. Use operation and maintenance manual as training reference, supplemented with additional training materials as required.

END OF SECTION

SECTION 26 27 26

WIRING DEVICES

PART 1  GENERAL

1.01SECTION INCLUDES

A. Wall switches.

B. Receptacles.

C. Wall plates.

1.02SUBMITTALS

A. Project Record Documents:  Record actual installed locations of wiring devices.

PART 2  PRODUCTS

2.01 WIRING DEVICE APPLICATIONS

A. Provide wiring devices suitable for intended use and with ratings adequate for load served.

B. For single receptacles installed on an individual branch circuit, provide receptacle with ampere rating not less than that of the branch

circuit.

C. Provide weather resistant GFCI receptacles with specified weatherproof covers for receptacles installed outdoors or in damp or wet

locations.

2.02 WIRING DEVICE FINISHES

A. Provide wiring device finishes as described below unless otherwise indicated.

B. Wiring Devices Installed in Unfinished Spaces:  White with galvanized steel wall plate.

C. Wiring Devices Installed in Wet or Damp Locations:  White with specified weatherproof cover.

2.03 WALL SWITCHES

A. Wall Switches - General Requirements:  AC only, quiet operating, general-use snap switches with silver alloy contacts, complying with

NEMA WD 1 and NEMA WD 6, and listed as complying with UL 20 and where applicable, FS W-S-896; types as indicated on the

drawings.

1. Wiring Provisions:  Terminal screws for side wiring and screw actuated binding clamp for back wiring with separate ground terminal

screw.

B. Standard Wall Switches:  Industrial specification grade, 20 A, 120/277 V with standard toggle type switch actuator and maintained

contacts; single pole single throw, double pole single throw, three way, or four way as indicated on the drawings.

2.04 RECEPTACLES

A. Receptacles - General Requirements:  Self-grounding, complying with NEMA WD 1 and NEMA WD 6, and listed as complying with UL

498, and where applicable, FS W-C-596; types as indicated on the drawings.

1. Wiring Provisions:  Terminal screws for side wiring or screw actuated binding clamp for back wiring with separate ground terminal

screw.

2. NEMA configurations specified are according to NEMA WD 6.

B. Convenience Receptacles:

1. Standard Convenience Receptacles:  Industrial specification grade, 20A, 125V, NEMA 5-20R; single or duplex as indicated on the

drawings.

2. Weather Resistant Convenience Receptacles:  Industrial specification grade, 20A, 125V, NEMA 5-20R, listed and labeled as weather

resistant type complying with UL 498 Supplement SE suitable for installation in damp or wet locations; single or duplex as indicated

on the drawings.

C. GFCI Receptacles:

1. GFCI Receptacles - General Requirements:  Self-testing, with feed-through protection and light to indicate ground fault tripped

condition and loss of protection; listed as complying with UL 943, class A.

2. Standard GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V, NEMA 5-20R, rectangular decorator style.

3. Weather Resistant GFCI Receptacles:  Industrial specification grade, duplex, 20A, 125V, NEMA 5-20R, rectangular decorator style,

listed and labeled as weather resistant type complying with UL 498 Supplement SE suitable for installation in damp or wet locations.

2.05 WALL PLATES

A. Wall Plates:  Comply with UL 514D.
1. Configuration:  One piece cover as required for quantity and types of corresponding wiring devices.

2. Size:  Standard; __________.

3. Screws:  Metal with slotted heads finished to match wall plate finish.

B. Nylon Wall Plates:  Smooth finish, high-impact thermoplastic.

C. Galvanized Steel Wall Plates:  Rounded corners and edges, with corrosion resistant screws.

D. Weatherproof Covers for Damp Locations:  Gasketed, thermoplastic, with self-closing hinged cover and corrosion-resistant screws; listed

as suitable for use in wet locations with cover closed.

E. Weatherproof Covers for Wet Locations:  Gasketed, thermoplastic, with hinged lockable cover and corrosion-resistant screws; listed as

suitable for use in wet locations while in use with attachment plugs connected and identified as extra-duty type.

PART 3  EXECUTION

3.01 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship) and, where applicable, NECA 130, including mounting heights specified

in those standards unless otherwise indicated.

B. Coordinate locations of outlet boxes provided under Section 26 05 33.16 as required for installation of wiring devices provided under this

section.

1. Mounting Heights:  Unless otherwise indicated, as follows:

a. Wall Switches:  48 inches (1200 mm) above finished floor.

b. Receptacles:  18 inches (450 mm) above finished floor or 6 inches (150 mm) above counter.

C. Install wiring devices in accordance with manufacturer's instructions.

D. Install permanent barrier between ganged wiring devices when voltage between adjacent devices exceeds 300 V.

E. Where required, connect wiring devices using pigtails not less than 6 inches (150 mm) long. Do not connect more than one conductor to

wiring device terminals.

F. Connect wiring devices by wrapping conductor clockwise 3/4 turn around screw terminal and tightening to proper torque specified by the

manufacturer. Where present, do not use push-in pressure terminals that do not rely on screw-actuated binding.

G. Unless otherwise indicated, connect wiring device grounding terminal to branch circuit equipment grounding conductor and to outlet box

with bonding jumper.

H. Provide GFCI receptacles with integral GFCI protection at each location indicated. Do not use feed-through wiring to protect downstream

devices.

I. Install wiring devices plumb and level with mounting yoke held rigidly in place.

J. Install wall switches with OFF position down.

K. Install vertically mounted receptacles with grounding pole on top and horizontally mounted receptacles with grounding pole on left.

L. Install wall plates to fit completely flush to wall with no gaps and rough opening completely covered without strain on wall plate. Repair or

reinstall improperly installed outlet boxes or improperly sized rough openings. Do not use oversized wall plates in lieu of meeting this

requirement.

M. Install blank wall plates on junction boxes and on outlet boxes with no wiring devices installed or designated for future use.

3.02 FIELD QUALITY CONTROL

A. Inspect each wiring device for damage and defects.

B. Operate each wall switch with circuit energized to verify proper operation.

C. Test each receptacle to verify operation and proper polarity.

D. Test each GFCI receptacle for proper tripping operation according to manufacturer's instructions.

E. Correct wiring deficiencies and replace damaged or defective wiring devices.

END OF SECTION

SECTION 26 28 13

FUSES

PART 1  GENERAL

1.01SECTION INCLUDES

A. Fuses.

B. Spare fuse cabinet.

1.02SUBMITTALS

A. Maintenance Materials:   Furnish the following for Owner's use in maintenance of project.

1. Extra Fuses:  One set(s) of three for each type and size installed.

2. Fuse Pullers:  One set(s) compatible with each type and size installed.

3. Spare Fuse Cabinet Keys:  Two.

PART 2  PRODUCTS

2.01 FUSES

A. Provide products listed, classified, and labeled as suitable for the purpose intended.

B. Unless specifically indicated to be excluded, provide fuses for all fusible equipment as required for a complete operating system.

C. Provide fuses of the same type, rating, and manufacturer within the same switch.

D. Comply with UL 248-1.

E. Unless otherwise indicated, provide cartridge type fuses complying with NEMA FU 1, Class and ratings as indicated.

F. Voltage Rating:  Suitable for circuit voltage.

G. Class R Fuses:  Comply with UL 248-12.

H. Class J Fuses:  Comply with UL 248-8.

I. Class CC Fuses:  Comply with UL 248-4.

2.02 SPARE FUSE CABINET

A. Description:  Wall-mounted sheet metal cabinet with shelves and hinged door with cylinder lock, suitably sized to store spare fuses and

fuse pullers specified.

PART 3  EXECUTION

3.01 INSTALLATION

A. Do not install fuses until circuits are ready to be energized.

B. Install fuses with label oriented such that manufacturer, type, and size are easily read.

C. Install spare fuse cabinet where indicated.

END OF SECTION

SECTION 26 29 23

VARIABLE-FREQUENCY MOTOR CONTROLLERS

PART 1  GENERAL

1.01SECTION INCLUDES

A. Variable frequency controllers.

1.02RELATED REQUIREMENTS

A. Section 26 28 13 - Fuses.

1.03SUBMITTALS

A. Product Data:  Provide catalog sheets showing voltage, controller size, ratings and size of switching and overcurrent protective devices,

short circuit ratings, dimensions, and enclosure details.

PART 2  PRODUCTS

2.01 MANUFACTURERS

A. Rockwell Automation; Model Powerflex 753 with bypass.

2.02 DESCRIPTION

A. Variable Frequency Controllers:  Enclosed controllers suitable for operating the indicated loads, in conformance with requirements of

NEMA ICS 7.  Select unspecified features and options in accordance with NEMA ICS 3.1.

1. Employ microprocessor-based inverter logic isolated from power circuits.

2. Employ pulse-width-modulated inverter system.

3. Design for ability to operate controller with motor disconnected from output.

4. Design to attempt five automatic restarts following fault condition before locking out and requiring manual restart.

B. Enclosures:  NEMA 250, Type 1, suitable for equipment application in places accessible only to qualified personnel.

2.03 OPERATING REQUIREMENTS

A. Rated Input Voltage:  480 volts, three phase, 60 Hertz.

1. VFD shall be capable of converting single phase 480V input power to three phase output power.

B. Motor Nameplate Voltage:  460 volts, three phase, 60 Hertz.

C. Volts Per Hertz Adjustment:  Plus or minus 10 percent.

D. Current Limit Adjustment:  60 to 110 percent of rated.

E. Acceleration Rate Adjustment:  0.5 to 30 seconds.

F. Deceleration Rate Adjustment:  1 to 30 seconds.

G. Input Signal:  4 to 20 mA DC.

2.04 COMPONENTS

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

B. Furnish HAND-OFF-AUTOMATIC selector switch and manual speed control.

C. Control Power Source:  Separate circuit.

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

E. Control Interlocks:  Furnish terminals for remote contact to allow starting in automatic mode.

F. Manual Bypass:  Furnish contactor, motor running overload protection, and short circuit protection for full voltage, non-reversing operation

of the motor.  Include isolation switch to allow maintenance of inverter during bypass operation.

G. Disconnecting Means:  Include integral fused disconnect switch on the line side of each controller.

PART 3  EXECUTION

3.01 INSTALLATION

A. Install in accordance with NEMA ICS 7.1 and manufacturer's instructions.

B. Tighten accessible connections and mechanical fasteners after placing controller.

C. Provide fuses in fusible switches; refer to Section 26 28 13 for product requirements.

3.02 ADJUSTING

A. Make final adjustments to installed controller to assure proper operation of load system.  Obtain performance requirements from installer

of driven loads.

3.03 CLOSEOUT ACTIVITIES

A. Demonstrate operation of controllers in automatic and manual modes.

END OF SECTION

SECTION 26 36 00

TRANSFER SWITCHES

PART 1  GENERAL

1.01SECTION INCLUDES

G. Transfer switches for low-voltage (600 V and less) applications and associated accessories:

1. Automatic transfer switches.

2. Includes service entrance rated transfer switches.

3. Includes bypass/isolation transfer switches.

4. Remote annunciators.

1.02SUBMITTALS

A. Product Data:  Provide manufacturer's standard catalog pages and data sheets for each product, including ratings, configurations,

dimensions, finishes, weights, service condition requirements, and installed features.

B. Shop Drawings:  Include dimensioned plan views and sections indicating locations of system components, required clearances, and field

connection locations. Include system interconnection schematic diagrams showing all factory and field connections.

C. Manufacturer's detailed field testing procedures.

D. Maintenance contracts.

E. Project Record Documents:  Record actual locations of system components, installed circuiting arrangements and routing, and final

equipment settings.

1.03WARRANTY

A. Provide minimum two year manufacturer warranty covering repair or replacement due to defective materials or workmanship.

PART 2  PRODUCTS

2.01 TRANSFER SWITCHES

A. Provide complete power transfer system consisting of all required equipment, conduit, boxes, wiring, supports, accessories, system

programming, etc. as necessary for a complete operating system that provides the functional intent indicated.

B. Provide products listed, classified, and labeled as suitable for the purpose intended.

C. Construction Type:  Either "contactor type" (open contact) or "breaker type" (enclosed contact) transfer switches complying with specified

requirements are acceptable.

D. Automatic Transfer Switch:

1. Transfer Switch Type:  Service entrance rated bypass/isolation automatic transfer switch.

2. Transition Configuration:  Open-transition (no neutral position), utilizing in-phase monitor.

3. Voltage:  As indicated on the drawings.

4. Ampere Rating:  As indicated on the drawings.

5. Neutral Configuration:  Solid neutral (unswitched), except as indicated.

6. Load Served:  As indicated on the drawings.

7. Primary Source:  As indicated on the drawings.

8. Alternate Source:  As indicated on the drawings.

9. Features:

a. Manual operation mode.

E. Comply with NEMA ICS 10 Part 1, and list and label as complying with UL 1008 for the classification of the intended application (e.g.

emergency, optional standby).

F. Do not use double throw safety switches or other equipment not specifically designed for power transfer applications and listed as

transfer switch equipment.

G. Load Classification:  Classified for total system load (any combination of motor, electric discharge lamp, resistive, and tungsten lamp

loads with tungsten lamp loads not exceeding 30 percent of the continuous current rating) unless otherwise indicated or required.

H. Switching Methods:

1. Open Transition:

a. Provide break-before-make transfer without a neutral position that is not connected to either source, and with interlocks to prevent

simultaneous connection of the load to both sources.

b. Where in-phase transfer is indicated, utilize in-phase monitor to initiate transfer when phase angle difference between sources is

near zero to limit in-rush currents.

2. Obtain control power for transfer operation from line side of source to which the load is to be transferred.

I. Service Conditions:  Provide transfer switches suitable for continuous operation at indicated ratings under the service conditions at the

installed location.
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J. Enclosures:

1. Environment Type per NEMA 250: Unless otherwise indicated, as specified for the following installation locations:

a. Indoor Clean, Dry Locations:  Type 1 or Type 12.

b. Outdoor Locations:  Type 3R or Type 4.

2. Finish:  Manufacturer's standard unless otherwise indicated.

K. Short Circuit Current Rating:

1. Withstand and Closing Rating:  Provide transfer switches, when protected by the supply side overcurrent protective devices to be

installed, with listed withstand and closing rating not less than the available fault current at the installed location as indicated on the

drawings.

L. Automatic Transfer Switches:

1. Description:  Transfer switches with automatically initiated transfer between sources; electrically operated and mechanically held.

2. Control Functions:

a. Automatic mode.

b. Test Mode:  Simulates failure of primary/normal source.

c. Voltage and Frequency Sensing:

1) Undervoltage sensing for each phase of primary/normal source; adjustable dropout/pickup settings.

2) Undervoltage sensing for alternate/emergency source; adjustable dropout/pickup settings.

3) Underfrequency sensing for alternate/emergency source; adjustable dropout/pickup settings.

d. Outputs:

1) Contacts for engine start/shutdown (except where direct generator communication interface is provided).

2) Auxiliary contacts; one set(s) for each switch position.

e. Adjustable Time Delays:

1) Engine generator start time delay; delays engine start signal to override momentary primary/normal source failures.

2) Transfer to alternate/emergency source time delay.

3) Retransfer to primary/normal source time delay.

4) Engine generator cooldown time delay; delays engine shutdown following retransfer to primary/normal source to permit

generator to run unloaded for cooldown period.

f. In-Phase Monitor (Open Transition Transfer Switches):  Monitors phase angle difference between sources for initiating in-phase

transfer.

g. Engine Exerciser:  Provides programmable scheduled exercising of engine generator selectable with or without transfer to load;

provides memory retention during power outage.

h. Retransfer to Normal Switch:  Bypasses time delays for retransfer to primary/normal source.

3. Status Indications:

a. Connected to alternate/emergency source.

b. Connected to primary/normal source.

c. Alternate/emergency source available.

d. Primary/normal source available.

4. Automatic Sequence of Operations:

a. Upon failure of primary/normal source for a programmable time period (engine generator start time delay), initiate starting of

engine generator where applicable.

b. When alternate/emergency source is available, transfer load to alternate/emergency source after programmable time delay.

c. When primary/normal source has been restored, retransfer to primary/normal source after a programmable time delay. Bypass

time delay if alternate/emergency source fails and primary/normal source is available.

d. Where applicable, initiate shutdown of engine generator after programmable engine cooldown time delay.

M. Service Entrance Rated Transfer Switches:

1. Furnished with integral disconnecting and overcurrent protective device on the primary/normal source and with ground-fault

protection where indicated.

2. Listed and labeled as suitable for use as service equipment according to UL 869A.

N. Bypass/Isolation Transfer Switches:

1. Description:  Factory-assembled units consisting of interconnected transfer switch and bypass/isolation switch that permits manual

bypass and isolation of the transfer switch with connection of the load to either source.

2. Bypass/Isolation Switch Type:  Provide overlapping (make-before-break) switches with no interruption of power to load. Load break

(break-before-make) switches that interrupt power to load are not acceptable.

3. Bypass/Isolation Operation:

a. Operable from exterior of enclosure.

b. Normal Mode:  Provides for normal operation of transfer switch.

c. Test Mode:  Provides for operational testing of bypassed transfer switch without affecting power to load.

d. Isolate Mode:  Provides for complete isolation of transfer switch from all power sources, permitting removal from unit.

O. Remote Annunciators:

1. Remote Annunciator Mounting:  Wall-mounted; Provide flush-mounted annunciator for finished areas and surface-mounted

annunciator for non-finished areas unless otherwise indicated.

2. Transfer Switch Status Indications:

a. Connected to alternate/emergency source.

b. Connected to primary/normal source.

c. Alternate/emergency source available.

d. Primary/normal source available.

P. Interface with Other Work:

1. Interface with pump station controller as noted on drawings.

PART 3  EXECUTION

3.01 EXAMINATION

A. Verify that field measurements are as indicated.

B. Verify that the ratings and configurations of transfer switches are consistent with the indicated requirements.

C. Verify that rough-ins for field connections are in the proper locations.

D. Verify that mounting surfaces are ready to receive transfer switches.

E. Verify that conditions are satisfactory for installation prior to starting work.

3.02 INSTALLATION

A. Perform work in accordance with NECA 1 (general workmanship).

B. Install products in accordance with manufacturer's instructions.

C. Arrange equipment to provide minimum clearances and required maintenance access.

D. Provide required support and attachment in accordance with Section 26 05 29.

E. Install transfer switches plumb and level.

F. Provide grounding and bonding in accordance with Section 26 05 26.

G. Identify transfer switches and associated system wiring in accordance with Section 26 05 53.

3.03 FIELD QUALITY CONTROL

A. Provide services of a manufacturer's authorized representative to observe installation and assist in inspection and testing. Include

manufacturer's detailed testing procedures and field reports with submittals.

B. Prepare and start system in accordance with manufacturer's instructions.

C. Automatic Transfer Switches:

1. Inspect and test in accordance with NETA ATS, except Section 4.

2. Perform inspections and tests listed in NETA ATS, Section 7.22.3. The control wiring insulation-resistance tests listed as optional

are not required.

D. Correct defective work, adjust for proper operation, and retest until entire system complies with contract documents.

3.04 MAINTENANCE

A. Provide to Owner a proposal as an alternate to the base bid, a separate maintenance contract for the service and maintenance of

transfer switches for two years from date of Substantial Completion; Include a complete description of preventive maintenance,

systematic examination, adjustment, inspection, and testing, with a detailed schedule.

END OF SECTION

SECTION 40 91 02.02

LEVEL MEASUREMENT

PART 1 - GENERAL

1.01RELATED DOCUMENTS

A. General. Drawings and general provisions of the Contract, including General and Supplementary Conditions and Division 1

specification sections, apply to this section.

1.02DESCRIPTION OF WORK

A. General. The Contractor shall provide the labor, tools, equipment, and materials necessary to install level measurement equipment in

accordance with the Contract Drawings and as specified herein.

B. Types. The types of equipment specified in this section include the following:

1. Submersible transducer.

2. Float switches.

1.03QUALITY ASSURANCE

A. Codes and Standards. Perform all work associated with level measurement equipment in compliance with applicable requirements of

governing agencies having jurisdiction and in accordance with these plans and as specified herein.

1. National Electrical Manufacturers Association (NEMA) Compliance.

2. National Electrical Code (NEC) Compliance.

3. Underwriters' Laboratories, Inc. (UL) Compliance and Labeling. Comply with provisions of UL safety standards pertaining to level

measurement equipment. Provide products and components which have been UL listed and labeled.

B. Qualifications

1. Manufacturer's Qualifications. Firms regularly engaged in manufacturing of level measurement equipment whose products have

been in satisfactory use in similar service for not less than 3 years.

2. Installer's Qualifications. Qualified with at least 5 years of successful installation experience on projects with level measurement

equipment similar to that required for this project.

1.04SUBMITTALS

A. General. Furnish manufacturer's product data, test reports, and material certifications as required.

B. Materials List. Submit a list of materials giving quantities, manufacturer's name, and catalog numbers.

C. Wiring Diagrams. Submit wiring diagrams showing all connections for all equipment furnished under this section.

D. Calibrations. Furnish two certified copies of calibrations.

1.05DELIVERY, STORAGE, AND HANDLING

A. Packing and Shipping. Deliver equipment properly packaged and mounted on pallets or skids to facilitate handling of heavy items.

Utilize factory fabricated type containers or wrappings for components which protect equipment from damage.

1.06SPECIAL WARRANTY

A. General. The Contractor shall retain the services of factory trained service personnel to provide repair services for instruments for 1

year commencing with the time the system equipment is complete and including all repair and replacement parts needed during

warranty period.

PART 2 - PRODUCTS

2.01 LEVEL SENSING DEVICE

A. Submersible Level Transducer

1. One analog submersible level transducer shall be supplied with the control panel.  The transducer shall have the following

characteristics:

a. 4-20 milliamp level signal

b. Sealed unit, non-fouling

c. Large diameter 316 stainless steel diaphragm

d. Abrasion resistant

e. Built in lightning arrestor

f. UL approved intrinsically safe for use in hazardous locations when used with proper barrier

2. Component shall be Dwyer Mercoid series PBLTX, with measurement range and cable length to suit installation conditions.

B. Back up float switches

1. One mechanical control float switch shall be supplied with the control panel in order to operate the backup float circuitry, plus one

spare (total two).

a. Mechanically activated, snap-action contacts

b. No mercury

c. High impact corrosion resistant polypropylene or stainless steel housing

d. UL listed for use in non-potable water and sewage

e. Five-year limited warranty

2. Component shall be SJE-Rhombus, MilliampMaster™, Flygt ENM-10, or approved equal.

PART 3 - EXECUTION

3.01 EXAMINATION

A. Verification of Conditions. Prior to all work of this section, carefully inspect the installed work of all other trades and verify that all such

work is complete to the point where this installation may properly commence.

B. Discrepancies. In the event any discrepancies are discovered, immediately notify the Engineer/Architect in writing. Do not proceed with

installation in areas of discrepancy until all such discrepancies have been fully resolved.

3.02 PREPARATION

A. Protection

1. All equipment and materials shall be packaged at the factory to protect each item from damage during shipment and storage.

2. Provide blocking and cushioning materials to prevent damage during shipment.

3. Provide temporary lifting lugs on shipping package as needed.

4. Include approximately 1 pint of touch-up paint for each finish color in shipment.

B. Surface Preparation. The work shall be carefully laid out in advance. Where cutting, drilling, etc. of floors, walls, ceilings, or other

surfaces is necessary, this work shall be carefully done. Any damage to building, piping, or equipment shall be repaired by skilled

mechanics of the trades involved, and at no additional cost to the Owner.

3.03 INSTALLATION

A. General

1. Install equipment as indicated in accordance with manufacturer's written instructions and in compliance with recognized industry

practices.

2. Mount instruments so that they may be readily approached and easily serviced.

3. Level Measurement Installation.

a. Coordinate the installation of level sensing devices with the process equipment and Contract drawings.

b. Install manufacturer's supplied cable between level element and transmitter. If flexible conduit is not provided or where

conditions dictate, furnish and install rigid conduit sized according to manufacturer's recommendations.

c. Install ground references as required for the application.

3.04 FIELD QUALITY CONTROL

A. Inspection. Upon completion of this portion of the work, the Contractor shall provide for services of a qualified representative of the

manufacturer to inspect and approve installation.

B. Tests. Upon completion of all inspections and prior to acceptance by Owner, perform field tests outlined in the "Instrumentation

Systems Basic Requirements" section.

C. Demonstration. When all required tests have been performed and final approval has been given, a qualified representative of the

supplier shall thoroughly demonstrate to Owner's personnel operation and maintenance of all items installed under this section.

END OF SECTION

SECTION 40 95 13.01

PUMP STATION CONTROL PANELS

PART 1 - GENERAL

1.01SECTION INCLUDES

A. This section includes all elements required to furnish and install a complete electrical control system to control, operate, and display

information as indicated in the plans and specifications. The control system shall include all equipment, devices, wiring, and incidental

materials to operate the system and display or relay information in accordance with these specifications. The intention of this section is

to secure a complete control system that will operate equipment in accordance with narratives and requirements indicated in the plans,

specifications, and manufacturer's literature for the equipment installed. All circuits and devices for protection of installed equipment

shall be included in the lump sum bid.

1.02SCOPE OF WORK

A. The contractor shall furnish and install with each pump station, one control panel.  The pump station control panel shall house the

complete electrical system to operate the pump station. The control panel shall be manufactured by a UL certified panel facility and

shall meet all UL698A standards (Industrial control equipment with circuit extensions into hazardous locations).  All components shall

be UL recognized or listed including those supplied by the pump manufacturer and the control panel shall house all necessary controls

including circuit breakers, and other equipment specified herein.  The enclosure(s) shall be built to meet NEMA ratings (Controls

compartment), (Service and MCC compartments), and shall in all respects conform to the National Electric Code and all other state and

local codes which may apply.

1.03DEFINITIONS

A. AIC - Amps Interrupting Current is the maximum current that is produced upon a fault to ground or a fault between phases.

B. Arc Flash - An electrical explosion that can occur when there is an uncontrolled conduction of electrical current to ground or to another

phase.  An Arc Flash occurs very rapidly and produces intense heat and energy that can harm personnel and destroy equipment.

C. Control Compartment - A compartment or enclosure in the control panel assembly that contains all control components of the pump

station including the PLC (controller), communications and other devices.

D. FLA - Full Load Amps

E. GFCI - Ground Fault Circuit Interrupter

F. GPM - Gallons Per Minute

G. HMI - Human Machine Interface

H. HOA - Hand-Off-Auto operator switch

I. kW - Kilowatts (power)

J. MCC - Motor Control Center

K. MCC Compartment - A compartment or enclosure in the control panel assembly that contains components related to motor starting.

Some components include variable frequency drives, pump breakers, the control power transformer, and the voltage monitor.

L. Service Compartment - A compartment or enclosure in the control panel assembly that contains service entrance or incoming power

feeder equipment for the station.  Some components include main incoming terminal blocks, main service or incoming feeder circuit

breaker, and phase monitor and other protective devices.

M. PID - Proportional Integral and Derivative

N. PID Mode - A mode in the controller that keeps a constant wet well level by varying the pump speed.

O. PLC - Programmable Logic Controller

P. Skirt Compartment - A vented compartment, enclosure, or wireway under the control panel assembly that is reserved for routing of

cables into various compartments.

Q. UPS - Uninterruptable Power Supply

R. VFD - Variable Frequency Drive

1.04REFERENCES

A. ANSI®/NFPA® 70 - National Electrical Code® (NEC®)

B. IEC 61000 - Electromagnetic Compatibility

C. NEMA 250 - Enclosures for Electrical Equipment

D. NEMA ICS7 - Industrial Control and Systems Adjustable Speed Drives

E. UL® 50 - Enclosures for Electrical Equipment

F. UL 98 - Disconnect Switches

G. UL 507 - Electric Fans

H. UL 508 - Industrial Control Equipment

I. UL 508C - Power Conversion Equipment

J. UL 698A - Circuit extension into hazardous locations

K. UL 991 - Safety Tests

L. IEEE-519 - Harmonic levels

M. NFPA 70E - National Fire Protection Association

1.05SUBMITTALS

A. Shop Drawings

1. The Engineer reserves the right to approve or disapprove any and all equipment based upon evaluation. Approval for fabrication

and installation will be made only after submittal and review of all shop contract documents. The information required for approval

shall include the following items and be provided to the Engineer for approval.

a. Electrical schematics

b. Enclosure dimensional drawings

c. Complete layout drawing with dimensions

d. Environmental calculations in MCC compartment

e. Environmental calculations in Control compartment

f. Manufacturer data sheet for all components

g. Complete bill of material

h. User operating manual

i. Installation instructions

j. 2 year warranty certificate

B. All submittals shall be made in electronic PDF format, in addtion to any other format required by other specification sections.

1.06SUBSTITUTIONS

A. The Engineer will consider proposals for substitution of materials, equipment, methods and services only when proposals are

accompanied by full and technical data and all other information required by the Engineer for the proposed substitution.  Substitution of

materials, equipment, methods and/or services is not allowed unless such substitution has been specifically approved by the Engineer.

The Contractor shall allow 15 days for approval after receipt by the Engineer.

1.07QUALITY ASSURANCE

A. Control panel

1. Control panel shall be manufactured in a UL508A facility and be UL certified to manufacture panels with UL698A intrinsically safe

components.

2. Factory shall conduct full operational tests with appropriate voltage applied to the panel.

1.08DELIVERY, HANDLING, STORAGE

A. All materials relating to this section individually and as completed panels shall be handled as fragile equipment and stored only inside

closed buildings and protected from moisture entry. All openings shall be continuously sealed until the moment that connections thereto

are actually made.

1.09WARRANTY

A. Warranty: 24 Months from date of manufacture. The warranty shall apply to being free of defects in material and workmanship.

PART 2 - PRODUCTS

2.01 ENCLOSURE

A. The enclosure shall be one freestanding enclosure consisting of four different compartments within one footprint, or one assembly of

four separate enclosures mounted on a common support frame with all enclosures connected flush or with pipe nipples, or, where

installed indoors, the enclosure may consist of separate freestanding or wall mounted enclosures connected together as necessary by

conduits or wireways.

2.02 COMPARTMENT REQUIREMENTS

A. The Service compartment shall house the main service power components.

1. This compartment function is satisfed by the service entrance rated automatic transfer switch for this project.

B. The MCC compartment shall house the motor starter components.

1. This compartment is a separate motor control center assembly for this project.

C. The Control compartment shall house all controls associated with the panel.  The maximum voltage within this compartment is to be

120vac.

D. The Cable entrance compartment is a nonrated vented compartment that provides an area for the entry of cables from the wet well.  All

cables with the exception of line power will come through the cable entrance compartment.

1. This compartment is not necessary for control panel assemblies installed indoors.

E. Conduit and mounting template - A drawing shall be provided with each enclosure to provide anchoring locations and conduit locations

entering the enclosure.  This drawing shall be available at the time of conduit and foundation layout.

2.03 ENCLOSURE CONSTRUCTION

A. All compartments are fabricated as one complete unit with singular common separation walls resulting in one complete enclosure, or as

separate enclosures connected flush or with pipe nipples and mounted on a common frame, or, where installed indoors, as separate

enclosures connected by conduits or wireways.  The NEMA Type rating integrity of each compartment or enclosure shall be maintained

at all times from the factory manufactured enclosure through final installation.

B. The entire panel enclosure when mounted indoors shall be NEMA 12, painted steel.

C. Interior wall construction: all common walls shall consist of one sheet of painted steel with a minimum 16-gauge thickness, or 14-gauge

where any dimension is greater than 24 inches.

D. Interior mounting: all mounting plates, hinges and other components mounted onto the enclosure walls shall be held in place by

stainless steel studs.

E. Exterior door handles to be steel powder coated black.  Door handles to be fully lockable and able to accommodate a #21 Master

padlock.  Each door handle must be NEMA Type rated to maintain the rating of the associated compartment.

F. Exterior door hinges shall be continuous steel piano type hinges.

G. Mechanical door stops to be mounted on the Control and MCC compartment doors to secure the door in the open position at 110

degrees.   Door may be closed by manually lifting up on the door stop arm.  They shall be located at the bottom of each cabinet door.

H. A fold out aluminum 3-ring binder shall hold the Electrical schematic and all job specific documentation. All documentation shall be

laminated

I. Back panels shall be constructed of painted or stainless steel, 12-gauge minimum.  Back panels to have ½” mounting hole at a

minimum at each corner.  Back panels are to be mounted to the enclosure with a minimum of 3/8” studs and nuts.

J. The Control compartment shall have a dead front inner door for mounting the controller, indicators, and switches.  The inner door shall

be constructed out of 12-gauge steel, minimum.  The door shall be mounted to the enclosure via a continuous steel piano hinge.  Two

twist lock latches are to be used to secure the inner door in the closed position.  The latches are to be T-handle type constructed from

polyamide-6 nylon plastic 30% glass reinforced material or material of equal durability.  They shall be mountable through square holes

to prevent rotation of the entire mechanism.

2.04 GENERAL ENCLOSURE REQUIREMENTS

A. The reduction of the Arc Flash potential shall be reduced by isolating high voltage into specific compartments.

B. The Service and MCC compartments may contain components that operate at a voltage that is capable of creating an Arc Flash

condition. Personnel Protection Equipment (PPE) is required.  Accessibility should be limited to qualified electricians only.

C. The Control compartment only contains control voltage (maximum of 120vac).  Minimal Personnel Protection Equipment (PPE) is

required for operators and maintenance personnel.  See NFPA 70E for proper PPE requirements.

D. All penetrations through compartments shall be performed to maintain the NEMA Type ratings of each individual compartment.

E. The enclosure shall be constructed so that no screws or bolt heads are visible when viewed from any external portion of the enclosure.

F. Punch cutouts for instruments and other devices shall be cut, punched, or drilled and smoothly finished with rounded edges.

G. No holes shall be drilled in the top (rain cap) of the cabinet.

H. Electrical schematic shall be permanently affixed to inside of the outer door of the Control and MCC compartments. The schematic

shall resist water and prevent removal and discoloration from heat, gasses, and ultraviolet light.

2.05 SERVICE COMPARTMENT COMPONENT AND REQUIREMENTS

A. Reference Transfer Switch specifications.

B. Surge Protective Device

1. Provide surge protective devices (SPD's) as shown on drawings and per specifications.

C. Phase Monitor

1. The phase loss monitor shall be supplied from the load side of the main service disconnect. It may be mounted in a separate

enclosure or in a common enclosure with other components.

2.06 MCC COMPARTMENT COMPONENT AND REQUIREMENTS

A. Reference Motor Control Center specifications.

B. Line reactors

1. A line reactor shall be connected to the input of each VFD power circuit. The line reactor shall be located in the MCC compartment

and selected according VFD manufacturer and the motor FLA.  One line reactor shall be installed per VFD to provide a reduction of

harmonics.

C. Variable Frequency Drives

1. VFD's shall be located in the MCC compartment and connected to the load side of a dedicated line reactor.

2. VFD's Requirement are to follow specification as stated in this Section.

2.07 CONTROLS COMPARTMENT COMPONENT AND REQUIREMENTS

A. Operator Interface Terminal (OIT)

1. 320x240 minimum resolution backlit LED display

2. Memory: minimum 256 MB RAM

3. NEMA 4 display rating

4. Manufacturer: Multismart pump station manager by Multitrode

B. Pump Controller

1. Programmability

a. The pump controller shall provide user ready automatic control of pumps with an intuitive HMI interface. The pump controller

shall contain pre-designed operational parameters that are selected and configured via the OIT.

2. Minimum Features

a. Pump control of up to six pumps, including pump grouping and pump alternation.

b. Intelligent Hand-Off-Auto control.

c. Level set point adjustment for pump activation, deactivation and station level alarms.

d. Level device input capability shall include: 4-20mA analog signal, conductive probe or floats.

e. Redundant level device input capability with automatic input fault control (input device switching).

f. Selectable charge (fill) or discharge (empty) modes.

g. Pre-configured staiton optimization features including: maximum pump off time, maximum pumps to run, maximum starts per

hour, inter-pump start and stop time delays, maximum pump run time, blocked pump detection, well washer control capability,

well clean out control capability, pump operation control (profile programming) capability.

h. Locked level alarm function to indicate a level device fault.

i. Pump alternation modes.

j. Pump decommissioning.

k. Up to six unique user defined profiles of set points shall be available to control pumps during specific site conditions or events.

l. Datalogger for user-defined faults and events.

m. Supply voltage monitoring and supply fault management.

n. Monitoring of DC power supply, battery voltage, and internal controller temperature.

o. Energy, power, and pump efficiency monitoring.

p. Motor protection features including: current monitoring for each pump, over- and under-current trip, ground/earth fault, current

phase imbalance fault, i2t fault, and insulation resistance testing for motor windings.

q. Flow measurement: calculated flow via liquid level draw down data.

r. VFD speed control capability.

s. Fault module capability as follows: pump hold out function, automatic restart function after fault condition is no longer present,

manual reset of fault required (if user intervention of fault reset is selected).

t. Remote control via remote telemetry monitoring including security.

u. SD/USB ports shall be available for the following operations: firmware upgrades, save and load pump controller configuration,

download data logs, export or import modbus and DNP3 points list.

3. Functionality

a. Pump mode: For each pump, operator shall have one hand-off-auto switch to locally start and stop each pump. Control from the

pump controller shall be disabled if the physical selector switch is not in the auto position. In remote auto, pump shall operate as

described in the automatic sequence below. Pump shutdown alarms shall be active regardless of the selected mode. Any time a

pump is returned from hand or off to auto, pump shall transition to remote automatic mode, e.g. from power failure, and become

available to be called to run by the controller.

4. Automatic Control

a. In automatic mode, lead pump operation shall be initiated when wet well level exceeds lead pump set point. Under normal

circumstances, the level will then drop and the pump operation stops when the level drops below the pumps off set point.

b. In the event of a failure of the lead pump, the level will rise above the lead pump set point to the alarm set point, at which point a

lead pump failed alarm shall be generated, and then to the lag pump set point. At this time the lag pump shall be started and

continue to run until the level drops below the pumps off set point.

c. The operator shall have the ability to enable and disable automatic pump role alternation.

d. In the event of a controller or level transmitter failure, emergency backup floats will attempt to start and stop both pumps (one at

a time) on a hardwired basis. Any faults that can be detected by  logic shall be generated, e.g. level sensor failure, high high

level set point activated, emergency pumping circuit activated.

5. All level set points for operation and alarms shall be adjustable from the display or remotely, meaning the user can choose what

levels trigger each condition.

6. All monitoring and alarm signals shown with contract drawings shall be displayed on the display and remotely for monitoring and

troubleshooting purposes. All alarms shall be programmed to latch upon alarm condition, and shall require acknowledgement either

at the display or remotely in order to reset the alarm.

7. Communications

a. Physical - The pump controller shall include the following data communication ports:

1) Two ethernet ports (10 Mb/s)

2) Two RS232 ports (115 Kb/s)

3) Two RS485 ports (115 Kb/s)

4) USB device port

5) SD card port

b. Communications Types - The pump controller shall support the following communication types:

1) TCP/IP

2) UDP

3) RS232

4) RS485

5) Private radio over RS232

6) PSTN

7) Wireless LAN

8) Cellular data via integral PPPM module

9) Cellular voice

c. Communications Protocols

1) DNP3 (master and slave, level 2 compliant), including: change of state monitoring, native date/time and quality stamps for

each data point, event buffering for different classes of data, support for multiple masters and slaves to be configured on the

unit, and DNP security (for securing communications between master station and RTU).

2) Modubs (master and slave), including: modbus TCP, modbus RTU, modbus ASCII, and support for multiple masters and

slaves.

8. Manufacturer
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C. Radio Communications Equipment

1. Radio Modem

a. 902-928 unlicensed spread spectrum frequency hopping transceiver.

b. RS232 data interface

c. GE MDS Transnet 900 series

2. Power Supply

a. Provide and install 24Vdc power supply with current rating appropriate for the radio unit. Install power supply in the pump station

controller/telemetry panel. Power supply shall be powered from the UPS circuit originating in the pump station controller/telemetry

panel.

b. Manufacturer: Phoenix Contact

3. Antenna and Accessories

a. 6-element aluminum Yagi antenna with 9 dB gain.

b. For 900 MHz systems, factory tuned to 915 MHz.

c. With stainless steel hardware.

d. MYA-9156 produced by Maxrad or approved equal.

e. Watertight cable LMR-400-DB produced by Times Microwave Systems or approved equal.

f. Miscellaneous connectors to connect antenna to radio while maintaining watertight integrity througout cable.

g. All connections to be soldered to cable to prevent loosening of cable from connector and signal degradation over time.

h. Antenna mast to be galvanized steel and capped at top end.

4. Surge Protection

a. Frequency range of surge protector 125 MHz to 1000 MHz.

b. Less than 220 micro-joules of throughput energy.

c. IS-B50LN-C2 produced by Polyphaser Corporation or approved equal.

D. Remote Terminal Unit (RTU)

1. RTU shall be a High Tide model HTT-900.

2. RTU shall include high level backup functinality.

3. General: RTU's shall be A/C or Solar powered depending on the model, as designated by the Owner. The RTU's shall be available as

either a kit that can be mounted in existing cabinets or supplied in a NEMA 4X enclosure with a raised door supported by stainless

steel hinges on the left and a stainless steel latch configured for a padlock (supplied by Owner). The electronic components provided

shall be din-rail mounted for easy replacement without removal of the enclosure. AC power supplies and solar regulators shall be

modular and easily replaceable in the field.

4. The Manufacturer shall have the following types of RTU's available or equivalent:

Option DI's AI's DO's AO's Networks

HTT201 2 Cellular

HTT900 12 Sat, Cell, IP

HTT1100 8 4 inc + 4 opt 4opt. Sat, Cell, IP

HTT3100 28 6 inc + 4 opt 4 2 Sat, Cell, IP

HTT4100 28+ 12+ 8 opt. Cell, IP

GPG 2 Mesh Radio

a. Solar power shall be available as requested for HTT201 and HTT1100.

1) Solar power options include 10W,20W,60W,120W power systems. Each of these is chosen based on the application and

external I/O drain requirements.

2) Batteries for each of the solar power options is also sized appropriately between 10Ah and 180Ah capacity.

b. Back-up battery power shall be available for all but HTT4100 and GPG in the event that AC power is lost.  When in battery backup

mode the unit will at a minimum have enough power to send out a power fail alarm and on some options actually maintain full

functionality for a small number of days.

5. The Manufacturer shall have the following types of Inputs and Outputs available:

a. Digital inputs compatible with either open collector or dry contact sources. Optional 115V or 230V instrumentation relays to mount

in the enclosures when required.

b. Counter inputs. Four of the digital inputs configurable as pulse counters for flow monitoring equipment or rain gauges.

c. Analog inputs configurable to accept either 0-5V or 4-20ma and 0-20ma inputs. For 4-20ma and 0-20ma inputs, the sense resistor

shall be 250ohms and removable for voltage sensors. 4-20ma inputs configurable to accept 2-wire, 3-wire or 4-wire sensors.

Battery backed up 24V loop power shall also be available as well as analog inputs with optional integrated surge protection

available.

d. Digital Outputs. RTU's with digital outputs configured with din-rail mounted Form-C relays capable of switching up to 5A at 250V.

e. Analog Outputs. RTU's with analog outputs capable of syncing 4-20ma outputs under RTU control.

f. Modbus Master. At least one type RTU shall have an RS-232 port that can be configured as a Modbus Master for reading data

from third-party PLC or sensor equipment.

6. Two-way Communications: The RTU shall have capability to both send alarms and scheduled reports up to the server as well as

receive commands from the server at any time.  All functional configurations and alarm thresholds shall be able to be sent from the

server without visiting the RTU.

7. Digital Alarm Functions: The RTU shall be able to report status changes or alarms on any digital input.  All analog inputs may be

configurable as digital or alarm inputs.

a. Pseudo alarms shall be available to report when two or more selected digital inputs are in the alarm state at the same time.

b. Whenever a digital alarm occurs the status shall be reported to the server after a programmable validation delay.

8. The RTU shall have the following Analog Input Monitoring Functions:

a. Reports analog input levels on programmable schedules ranging from 1 min to several hours.

b. Ability of the user to configure up to four separate alarm thresholds for each analog input. The RTU shall send an extra report to

the server whenever the analog level passes through any of the alarm thresholds. Alarm thresholds shall be continuously

monitored regardless of the reporting interval.

c. Ability to configure the RTU to sample the analog input only when one or more digital inputs are active. This may be used to

monitor pump amps or flow rate only when a pump is running.

d. Ability to report an alarm when an analog reading falls too rapidly such as tank level falling due to system leak.

9. Local Pump Alternator/Controller. The RTU shall include a software pump controller with the following functions built in and

configurable over the communications channel:

a. Local control for up to three pumps.

b. Local alternation, lead lag or round robin control behavior.

c. A maximum number of pumps running setting that actively turns off pumps to stay below the maximum.

d. Back up timers that can be set for maximum ON time or maximum OFF time or both. The maximum on setting can be configured

to turn all pumps off or to force alternation.

e. Ability to set a time of day where the RTU turns pumps ON for a fixed duration of time.

f. Alarm the server if a pump is called for but does not start.

g. Ability to turn a pump ON or OFF based on local analog input alarm thresholds. This can be used for functions like low suction

cut-off, local altitude valve control or local alarm light activation.

10. Flow Meter Functions.  The RTU shall support the following features associated with flow meters:

a. Four internal 32-bit pulse counters stored in non-volatile memory.

b. Ability to report the counter totals on intervals ranging from 1 minute to daily.

c. Ability to convert two of the counter inputs pulse rates to a flow rate and report to the server in the form of an instantaneous flow

rate reading.

d. Ability to take two of the Analog inputs connected to flow rate outputs of meters and integrate the signal to create a pseudo

totalizer simulating a pulse counter.  This will be used when pulse outputs are not available from the flow meters.

11. Rain Gauge Monitoring.  The RTU counter inputs shall be able to support tipping bucket rain gauge instruments with the following

reporting features:

a. Ability to report rainfall in 15 min resolutions.

b. Graph rain on the web interface in hourly, daily and monthly increments.

12. Wastewater Pump Station Functions. The RTU shall support the following pump station monitoring functions:

a. Ability to accumulate and report start and runtime statistics for up to five pumps. The statistics may be scheduled to report to the

server on intervals between hourly and daily.

b. Ability to report an alarm if a single pump run cycle exceeds a threshold set by the user.

c. Optional flow estimation based on wet well geometries and pump on/off levels.

1) Works for either float or level based installations

2) Pump Capacity calculation

3) Station output flow rate and totalization

4) Station inflow rate estimation

13. Power Monitoring. The RTU shall support the following power related functions:

a. All units shall have battery backup that keeps the core functions active for at least two days. Depending on what option is installed,

some I/O's will continue to function normally.

b. Alarms shall be sent to the server when power loss is detected.

c. For solar RTU's or A/C powered RTU's running on battery, alarms shall be sent to the server when the battery reaches a critical

low level. Solar units shall also report if no charging voltage is received for 4 days as an indication that the panel may be stolen or

defective.

14. Ease of Replacement. Main electronics' modules shall have the following features:

a. Main electronic modules shall be din-rail mounted for easy removal and replacement.

b. All power and I/O connectors shall be two-part pluggable terminals so that when a module is replaced no wires have to be

removed from the terminals.

c. The same basic RTU shall be used for all communications options with no I/O configuration changes.

15. Antenna Options:

a. Cellular options shall include an antenna that is internal to the enclosure, an omnidirectional antenna external to the enclosure or a

directional (higher gain) antenna external to the enclosure.

b. Satellite RTU's shall require an external 3-inch stub antenna with a bracket and either a 15, 30 or 50-foot external cable.

c. IP units shall only require standard 10baseT RG6 Internet patch cable connection.

16. Expansion and Accessories. The RTU's shall have the following optional factory-installed accessories available:

a. Din-rail mounted main power surge arrestor.

b. Din-rail mounted Analog or Digital signal surge arrestors.

c. RTU's with four Analog inputs shall have an optional expansion module to add four additional 4-20ma analog inputs.

d. Enclosure heaters and thermostats.

e. Local digital displays for analog inputs.

f. RTU's with a programming port through which qualified installers may upgrade internal software without returning the equipment to

the factory.

17. Communication Platforms:

a. RTU's may be configured with either low earth orbit satellite (Iridium), GSM cellular (ATT or International), CDMA cellular (Verizon)

or IP (Internet) as designated by the Owner to communicate bi-directionally from the RTU to the Central Server.

18. Customer Service:

a. The Manufacturer shall provide 24-hour, seven days a week phone support access to the Owner by the Manufacturer's customer

support personnel. Customer support personnel shall provide assistance with software, communications and hardware as required

by the Owner. The Manufacturer shall provide the Owner with a toll-free number to contact their customer support personnel. No

additional fees shall be charged by the Manufacturer for configuring the Owner's software for his applications.

E. Application Programming

1. Provide all required application programming and/or configuration for a fuly functional pump station controller as shown on the

drawings and as specified herein.

2. Supply Operator Interface Terminal (OIT) applicaton programming and/or configuration to provide control of the pump station

controller/telemetry panel locally. The OIT shall provide complete monitoring and control of all equipment at the pump station. At a

minimum OIT programming/configuration shall include monitoring and control of:

a. Running / stopped / alarm status of all pumps, including individual alarms and manual or automatic status control for each pump.

b. Automatic / lead / lag switching for each pump.

c. Emergency pumping circuit activated.

d. Wet well levels.

e. Grinder status and alarm.

f. Odor control system (bioxide) status, level (if used), and alarm.

g. AC power status.

h. Intrusion detection.

i. All other functionality indicated on the drawings.

3. All application programming features described above shall also be programmed to be available from the central SCADA system web

interface.

F. DC Power Supply/UPS

1. The power supply shall convert 120 Vac to 24 Vdc power for control circuits and supply an uninterrupted 24Vdc power via a battery if

120Vac is lost. The power supply shall have dual output:  One 24Vdc output for the control circuitry, the other for charging the battery.

2. The power supply shall have the following characteristics:

a. Output minimum 155 watts

b. Over current protection

c. Over voltage protection

d. DC voltage adjustment

e. Short circuit protection

G. Battery

1. The battery backup power shall consist of two 12 VDC batteries configured in series to provide an output voltage of 24 VDC.  A fuse

link shall be installed in the circuit between each battery to provide overload protection.  The batteries shall have a minimum rating of

7 amp hours.

H. Over Temperature and Seal Fail Monitoring Relay

1. The relay shall be compatible with the pump that is installed in the wet well.

2. There shall be one relay per pump that is present in the system.

3. The relay shall have the following requirements:

a. Molded relay bezel to allow for door mounting.

b. Power on light.

c. Over temperature and Seal Leak fault light.  Color: Red.

d. Selector switch for Auto or Manual mode.  This switch shall allow the user to select between automatic or manual reset of the heat

sensor fault.

e. Provide an over temperature reset pushbutton for Manual reset mode.

f. Seal fail sensibility to be adjustable between 4.7K ohm to 100K ohm via an adjustable potentiometer.

I. Intrinsically safe barrier

1. The intrinsic safety barriers shall be DIN rail mounted and located in a UL approved isolated Safety Barrier location.   The intrinsic

safety barriers shall be used to limit the amount of energy available to all level sensing circuits in the wet well in order to prevent

sparking.

a. Analog IS barrier

b. Back up float switches IS barrier

J. Control circuit breakers

1. The control circuit breakers shall be located in the Control compartment and used to protect all 120 volt and 24 volt circuits.  The 120

volt circuit breakers shall be supplied by the secondary side of the control transformer (unless 120 volts is available from the main

electrical service).

2. There shall be six single pole control circuit breakers as follows:

a. Main control power

b. Fan

c. GFI Receptacle

d. Heater

e. Control wiring

f. 24vdc Power supply

K. Control Relays

1. Control relays shall have the following characteristics:

2. 4 pole, 8 A, 1/3 hp (IEC rating = 6 A)

3. Coil: 120 VAC or 24 VAC

4. DIN rail mounting

5. Terminal screw type socket

6. Voltage rating: 300 volts

7. Mechanical status flag

8. Pilot light indicating status

9. Manual operator

10. Protection module mounted in base (diode, RC circuit or varistor)

11. Metal hold down clip

L. Environmental Control

1. Controls compartment shall be furnished with insulation, air conditioner, exhaust fans, and/or ventilation louvers as necessary to

maintain environmental condtions inside the Control compartment suitable for its components.

2. A compartment heater shall be supplied and mounted at the bottom portion of the Control compartment.  The heater shall be

positioned away from any heat sensitive components directly above the heater. Construction should be vulcanized

fiberglass-reinforced silicone rubber encapsulating a nickel alloy heating element with an integrated thermostat.

3. All environmental control components shall be selected to maintain the NEMA rating of the Control compartment.

4. Heat load calculations and other calculations used to select the environment control equipment shall be included with equipment

submittals.

M. Utility receptacle

1. A GFCI receptacle shall be mounted on the Control compartment inner door.  The receptacle shall be rated at 15 amps, but restricted

to 7 amp service by a dedicated 10 amp 120 VAC circuit breaker.  The circuit breaker shall be supplied from the secondary of the

control transformer.

N. Selector Switches

1. Switches shall be mounted on the Control compartment inner door.  The switches shall have extended operator handles.

a. HOA Switches

1) There shall be a HOA selector switch for each individual pump.  When in Hand, the pump shall run at a preset speed.  In the

Off position, the pump will neither run in the auto or manual mode.  When in Auto, the pumps will cycle per the commands of

the controller.

b. ON-OFF Light Switch

1) There shall be a ON-OFF selector switch to allow the operator to turn on and off the cabinet lights.  This switch is to be

mounted on the inner door.

O. Indicator Lights

1. Alarm lights shall be mounted on the Control compartment inner door.  There shall be two alarm lights; High-Level light with a yellow

lens, and a Low-Level light with a yellow lens.

2. The pilot lights shall be minimum 22 mm in diameter 24Vdc.

P. Push Buttons

1. An alarm test button shall be mounted on the Control compartment inner door.  The alarm test button activates both the horn and

strobe light to ensure proper operation.

2. An alarm silence button shall be mounted on the side of the enclosure below the horn/light assembly.  When pressed, the silence

button will silence the audible alarm.  The audible alarm will latch in silence mode until all alarms are reset and there are no longer

any alarm conditions.

Q. Submersible Level Transducer

1. One analog submersible level transducer shall be supplied with the control panel.

a. Reference level measurement specification section.

R. Back up float switches

1. Two mechanical control float switches (including spare) shall be supplied with the control panel in order to operate the backup float

circuitry.

a. Reference level measurement specifcation section.

2.08 SUPERVISORY CONTROL AND DATA ACQUISITION (SCADA)

A. The SCADA system used shall be manufactured by High Tide Technologies, LLC, or pre-approved equal.

B. Qualifications

1. The SCADA System shall be furnished by a single Supplier who shall assume responsibility for providing a complete and integrated

system.

2. Manufacturer must have been regularly engaged in the supply of SCADA equipment for at least 10 years and must be capable of

meeting the following criteria:

a. Have completed a minimum of three (3) satellite telemetry systems and three (3) cellular telemetry systems.

b. Provide the Owner with reference names and phone numbers for a minimum of two Satellite Telemetry System customers and two

Cellular Telemetry system customers.

c. Acknowledge that shipment of the SCADA RTU units and related equipment shall be authorized only by the Owner.

d. Utilize only UL listed and rated components in enclosure manufacture.

e. Provide 100 percent of all hardware and software technical manuals to the Owner in digital format (Adobe PDF).

f. Provide a complete bill-of-materials (BOM) and enclosure layouts that are numerically cross-referenced together for each SCADA

unit.  The BOM shall contain the standard factory supplied part numbers instead of proprietary numbers.

g. Provide a warranty and customer support for a period of not less than one (1) year after the Owner accepts each SCADA unit.

h. Provide primary technical support to the Owner by full-time qualified staff members only.

3. Central Server

a. The Central Server core shall be configured as a cluster of servers, each performing different tasks.  Key functions shall be running

on multiple servers thus providing redundancy in the event of hardware failures.  The entire cluster shall be hosted in a

server-hosting center with power, network and hardware redundancy built in.

4. Web-Based User Interface Software

a. Compatibility: The system shall be compatible with modern web browsers on various operating systems including computers,

tablets and smartphones.

b. Access and Security:  Access to the customer's user interface shall begin with a username and password screen.  The web

interface shall utilize fully encrypted data and passwords via standard HTTPS technology - the same level of security used by

online banking applications.  The person designated by the Owner as the “administrator” shall have authority to manage

usernames and passwords as well as control and change certain parameters related to their system.

c. Levels of Access: Four levels of access shall be provided. VIEWERS shall only have permission to view the system data.

OPERATORS shall be able to view and acknowledge alarms. SUPERVISORS shall be able to perform all the functions of the

operators as well as change parameters in the system and manually turn pumps on and off.  ADMINISTRATORS shall be able to

perform all the functions of the supervisors as well as create and delete users from the system. Administrators shall also be able to

assign which contacts will receive alarms.

d. User Limits: The Owner shall be able to create as many users as needed and all users shall be able to be logged in

simultaneously.  No additional charge shall be assessed on the number of users or viewers.

e. User Interface Types:

1) The system shall provide options to the Owner for either tabular or graphical status representations of the installations.

2) Larger systems shall be able to be broken down into segments or zones for easy navigation and display.  Size, location and

layout of objects on the screen shall be customizable by the software provider upon Owner request.

3) The software shall be capable of showing location and status of each RTU installation on maps, given Owner supplied

addresses or coordinates.

f. The system shall have robust Alarming Capabilities, including the following features:

1) The ability to send alarms via voice calls, text messages or emails.

2) The ability to configure a preferred alarm delivery order with delays between each level and each operator.

3) The ability to accept acknowledgments via voice or text at the time the alarm is delivered or via the web interface at any time.

4) The ability for users to view a list of alarm histories for each installation including which user acknowledged the alarm.

5) The ability to set any alarm recipient to be “Nagged” by calling them every 10 minutes until someone acknowledges the alarm.

6) The ability to set shifts and days off for each alarm recipient and set day and night shift alarm notifications.

7) The ability to have audible and visual alarms pop up on the computer that is logged in to the system.

8) The ability to alarm the user if the RTU has stopped communicating with the host servers.

g. Auto Refresh: The web interface shall automatically refresh when new data or alarms are reported.

h. Data Analytics and Graphing: The system shall provide various menus to allow users to view historical data on pop-up graphs.

Users shall have the ability to set the time range of the graphs and zoom in to view events of the past.  When a user's mouse is

held over a data point, the details of that data point shall appear on the screen.

i. Raw Data Downloads: The user shall be able to dump raw data in tabular format for offline analysis that can be imported into a

spreadsheet for further analysis.

j. Report Generation: The user shall have the ability to download formatted spreadsheet reports of various functions.  The software

shall also provide the ability to automatically fill in the owner's report forms in standard Excel formatted files.

k. Screen Configuration: The Manufacturer shall provide a service to configure graphic and tabular screen layouts, particular

locations and sizes of graphical objects to match the customer's requirements.

l. Service History: The system shall provide a mechanism for the user to enter freeform service history information for all RTU sites.

m. The system shall be capable of providing Automatic and Manual Controls as listed below:

1) Ability for one Tank to control one or more remotely located pump stations and valves based on tank level or system pressures.

This should be performed in either round robin or lead/lag configurations.

2) Ability to automatically cause the digital input from one RTU to be replicated on the digital output of another RTU (when digital

outputs are available).

3) Ability to automatically cause the analog input level at one RTU to be replicated on the analog output of another RTU (when

analog outputs are available).

4) Ability for the user to set analog threshold alarms and controls and have them downloaded to the RTU.  These include levels,

pressures, flow rates and any physical sensor that outputs an analog signal.  This feature shall apply to RTU's with analog

input capability.

5) Ability for supervisors or administrators to manually control digital outputs that are connected to valves or pumps on RTU's that

are equipped with outputs.

2.09 VARIABLE FREQUENCY DRIVES

A. VFD Requirements

1. Two required (third is future)

2. Provide VFD's meeting the requirements of Section 26 29 23.

PART 3 - EXECUTION

3.01 GENERAL

A. All work shall be done in accordance with appropriate Divisions and Sections and shall be performed in a workmanlike manner.

B. The pump station shall be monitored by the SCADA system located at the Alum Creek Water Reclamation Facility. The Owner has an

existing Multipoint GE MDS Transnet 900, unlicensed, 900 MHz radio system. The Owner shall identify up to two repeater sites to allow

commmunications between the pumps station and the ACWRF. The Contractor may assume that the Owner has an agreement in place

to allow them to collocate radio equipment on facilities it identifies as potential repeater sites. The Contractor shall assume that hardware

changes such as adding radios or antennas or adjusting antennas will not be required at the repeater locations. The Contractor's scope of

work shall include the following:

1. Coordinate with the owner to obtain any required information for radio system design, programming, installation, and commissioning.

2. Obtain radio path study report for study performed by Owner.

3. Finalize the design of the radio antenna installation. For bidding purposes, the Contractor shall anticipate a 70 foot wood Class 1 pole

augmented with 30 feet of schedule 80 pipe will provide a suitable mounting elevation for the antenna. It is possible a lower elevation

may work or a higher elevation may be required. It is the Contractor's responsibility to determine the requirements and also assume

responsibility of this aspect of the design. The contractor shall confirm the level of lightning surge protection identified in sections

above is appropriate for the installation and augment if necessary.

4. Provide and install the new pump station radio pole, antenna, associated cabling and accessories, radio telemetry controls including

radio unit and power supply, as required for a complete and functional radio system.

5. Reconfigure the repeater and ACWRF radio units if required, to provide communications to the new pump station.

6. Reconfigure the existing ACWRF SCADA communications scheme, if required, to allow successful communications to the pump

station. Successful communications is defined as the ability to poll (monitor) the pump station from the ACWRF SCADA system at a

rate of at least once every 10 seconds.

7. Perform programming required to monitor the new pump station from the existing ACWRF SCADA application. The Contractor shall

coordinate with the Owner regarding software manufacturer, product line, and version. The points of monitoring and control (status,

commands, and alarms) shall be identical to those defined to be available from the local operator interface terminal as described in

sections above.

8. The Contractor shall be sensitive to the limited bandwidth available in the radio system link and make any required accommodations

in programming to obtain the required system performance. This may include packing data into arrays or other appropriate data

structures, limiting data update rates, or optimizing serial protocol settings, for example.

3.02 FABRICATION

A. All control panels shall be shop assembled and factory tested prior to delivery to the site. Final as-built drawing shall be made to reflect all

adjustments and modifications made to the system after start-up has been completed satisfactorily. All equipment and devices shall be

mounted, adjusted, calibrated, and operated exactly as recommended by the manufacturer of each component.

B. Control switches, indicator lights, and other devices shall be grouped as stated in this section and in submittal package.

3.03 EQUIPMENT INSTALLATION

A. All equipment shall be installed in accordance with approved drawings and the manufacturer's written instructions.

3.04 WIRING AND TERMINATIONS

A. All wiring shall follow NEC color coding scheme.

B. All wiring shall be run parallel to side walls of panels and/or in covered wiring troughs. Wires passing across hinged areas shall be

protected by abrasion resistant cabling materials

3.05 IDENTIFICATION

A. All conductors shall be labeled at each end with numbers matching submittals data sheets and all wire terminations shall be identified by

the component terminal numbers as shown on appropriate panel drawings.

3.06 FIELD SERVICES

A. The system supplier shall verify all connections between field devices and pump controller.

B. The system supplier shall confirm all calibrations of instrumentation connected to the pump control panel.

C. Provide control system startup and commissioning including the pump control panel and operator interface.

D. Provide radio system startup and commissioning including the pump station controller/telemetry panel, and associated equipment. Startup

shall also include field services as required at the selected radio repater site and the ACWRF.

E. Provide SCADA system programming additions, startup and commissioning at the ACWRF.

F. After the above check out and system startup has been completed, the Contractor shall notify the Engineer so that system commissioning

can begin.

G. The application engineering provided shall make available to the Engineer a service representative knowledgeable in the programming of

the project to assist during commissioning and provide minor programming modifications. This shall be for a minimum of 60 hours. This is

in addition to other contract requirements for startup.

H. Provide training for Owner personnel.

3.07 TESTING

A. Performance Verification Test:  Conduct performance verification tests to demonstrate that control system maintains set-points, and that

system is programmed for the correct sequence of operation.  Conduct performance verification test one day after work is installed of

continuous RTU systems operation and before final acceptance of work.  Performance verification test shall demonstrate the following:

1. Field Testing:  Calibrate field equipment and verify equipment and system operation before placing the system on-line.

2. Calibration Accuracy and Operation of Inputs Test:  Check for proper calibration and operation of each input instrument.  Document

each reading for the test report.

3. RTU Startup and Memory Test:  Demonstrate that programming is not lost after a power failure, and RTU controllers automatically

resume proper control after a power failure.

4. Surge Protection:  Show that surge protection, meeting the requirements of this specification, has been installed on incoming power to

the digital controllers and on communications lines.

3.08 FIELD TESTS

A. Demonstrate compliance of the control system with the contract documents.  Furnish personnel, equipment, instrumentation, and supplies

necessary to perform calibration and site testing.  Ensure that tests are performed by competent employees regularly employed in the

testing and calibration of instrumentation systems.

B. Notify the Owner of any defective products and workmanship disclosed by the tests.

C. Testing will include the field and the performance verification tests.  Field tests shall demonstrate proper calibration of input devices, and

the operation of specific equipment.  Performance verification test shall ensure proper execution of the sequence of operation and proper

tuning of control loops.

D. Test each device such that each item will function not less than five times.

E. Tests are subject to oversight and approval by the Owner.

END OF SECTION
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