DIVISION 26 - ELECTRICAL

Section 26 23 00 - Low-Voltage Switchgear


READ THIS FIRST

Notice to the Design Engineer, please refer to the Port of Seattle, Facilities and Infrastructure standards for reference before editing this specification.

This Project Spec Document may need additional modifications to suit your project. It is recommended that you proofread each section, paying attention to any “Notes” boxes such as this one--you should remove these “Notes” sections as you go. Also, do a search for all bracket characters “ [ ] “ as they are used to show you areas containing options or project specific details (you can use Microsoft Word’s Find feature {Ctrl-F} to jump to an open bracket “ [ “ character quickly). Again, these bracket characters should be removed.

It is important that every paragraph be numbered to allow for easy referencing. If you use the document’s built in styles and formatting your outline should be fine (turn on the formatting toolbar by going to View > Toolbars > Formatting). Most paragraphs will use the style “Numbered Material” and can be promoted (Shift) or demoted (Shift-Tab).

You should not have to manually enter extra spaces, carriage returns or outline characters such as A, B, C, or 1.01, 1.02; the formatting will do this for you. The entire document is 11 pt. Arial. If you paste items in, you may need to reapply the “Numbered Material” format.

PART 1   GENERAL

1.1 SUMMARY OF WORK
This class of equipment is standard for, but not limited to, main service entrances for facilities providing 24 hour per day operation at Sea-Tac Airport. Ampacity Range is typically between 1600 amps and 4000 amps.

A. The extent and location of “Low-Voltage Switchgear” Work is shown in the Contract Documents. This section includes metal-enclosed, low-voltage drawout, power circuit-breaker switchgear rated 600V and less for use in ac power distribution systems.

1.2 GOVERNING CODES, STANDARDS AND REFERENCES
A. ANSI/IEEE C37.13 - Low-Voltage AC Power Circuit Breakers Used in Enclosures,

B. ANSI/IEEE C37.17 - Trip Devices for Low-Voltage (1000 V and  Below) AC and General Purpose (1500 V and Below) DC Power Circuit Breakers, 

C. ANSI/IEEE C37.20.1 – Standard for Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear.

D. ANSI C39.1 - Requirements for Analog Indicating Instruments, , 

E. NEMA 250 (National Electrical Manufacturers Association) - Enclosures for Electrical Equipment (1000 Volts Maximum), 

F. NETA ATS (International Electrical Testing Association) - Acceptance Testing Specifications for Electrical Power Distribution Equipment and Systems, 

G. NFPA 70 (National Fire Protection Association) - National Electrical Code, 

1.3 SUBMITTALS
A. Submit materials data in accordance with of Section 01 33 00 - Submittals. Furnish manufacturers’ technical literature, standard details, product specifications, and installation instructions for all products.
B. Submittals shall include the following:
1. Product Data: For each type of switchgear, circuit breaker, accessory, and component indicated. Include dimensions and manufacturers’ technical data on features, performance, electrical characteristics, ratings, and finishes.

2. Shop Drawings: For each type of switchgear and related equipment.

a. Dimensioned floor plans, elevations, sections, and details, including required clearances and service space around equipment. Show tabulations of installed devices, equipment features, and ratings. Include the following:

(1) Enclosure types and details.

(2) Nameplate legends.

(3) Bus configuration with size and number of conductors in each bus run, including phase, neutral, and ground conductors of main and branch buses.

(4) Current rating of busses.

(5) Short-time and short-circuit current rating of switchgear assembly.

(6) Mimic-bus diagram.

(7) Features, characteristics, ratings, and factory settings of individual overcurrent protective devices and auxiliary components.

b. Wiring Diagrams: Diagram power, signal, and control wiring and differentiate between manufacturer-installed and field-installed wiring.

Coordination Drawings: Floor plans showing dimensioned layout, required working clearances, and required area above and around switchgear where pipe and ducts are prohibited. Show switchgear layout and relationships between components and adjacent structural and mechanical elements. Show support locations, type of support, and weight on each support. Indicate field measurements. Refer to NEC Article 110.26.

3. Manufacturer Seismic Qualification Certification: Submit certification that switchgear, overcurrent protective devices, accessories, and components will withstand seismic forces defined in Section 26 05 48 - Seismic Controls for Electrical and Communication Work. Include the following:

a. Basis of Certification: Verify whether withstand certification is based on actual test of assembled components.

(1) The term “withstand” means “the unit will remain in place without separation of any parts from the device when subjected to the seismic forces specified and the unit will be fully operational after the seismic event.”

b. Dimensioned Outline Drawings of Equipment Unit: Indicate weight, identify center of gravity, and locate and describe mounting and anchorage provisions.

c. Detailed description of equipment anchorage devices on which the certification is based and their installation requirements.

4. Samples: Representative portion of mimic bus with specified finish. Manufacturer’s color charts showing colors available for mimic bus.

Delete first paragraph below if independent testing agency is not used.

5. Qualification Data: For firms and persons specified in “Quality Assurance” Article.

6. Field Test Reports: Submit written test reports and include the following:

a. Test procedures used.

b. Test results that comply with requirements.

c. Results of failed tests and corrective action taken to achieve test results that comply with requirements.

7. Manufacturer’s field service report.

8. Updated mimic-bus diagram reflecting field changes after final switchgear load connections have been made.

9. Maintenance Data: For switchgear and components to include in maintenance manuals specified in Division 1 General Requirements. In addition to requirements specified in Division 1 General Requirements , Section 01 78 23.13 - Operations and Maintenance Data, include the following:

a. Routine maintenance requirements for switchgear and all installed components.

b. Manufacturer’s written instructions for testing and adjusting overcurrent protective devices.

c. Time-current curves, including selectable ranges for each type of overcurrent protective device.

1.4 QUALITY ASSURANCE
A. Source Limitations: Obtain switchgear through one source from a single manufacturer.

Retain paragraph below to allow drawing details based on one manufacturer’s product to establish requirements and still allow competition. Revise to identify specific proprietary system or indicate on Drawings. Correlate with Division 1 General Requirements requirements.

B. Product Options: Drawings indicate size, profiles, and dimensional requirements of switchgear and are based on the specific system indicated. Other manufacturers’ products complying with requirements may be considered. Refer to Section 01 25 00 - Substitutions.

C. Listing and Labeling: Provide electrical components, devices and accessories that are Listed and Labeled as defined in NFPA 70, Article 100 and marked for intended use for the location and environment in which they are installed.

D. Comply with NFPA 70, as adopted and administered by the Authority Having Jurisdiction.

E. Testing Agency Qualifications: Testing agency meeting OSHA criteria for accreditation of testing laboratories, Title 29, Part 1907 or a member company of the InterNational Electrical Testing Association and that is acceptable to Authority Having Jurisdiction.

1. Testing Agency’s Field Supervisor: Person currently certified by the InterNational Electrical Testing Association to supervise on-site testing specified in Section 26 08 00 - Acceptance Testing.

1.5 DELIVERY, STORAGE, AND HANDLING
A. Deliver switchgear in sections of lengths that can be moved past obstructions in delivery path.  

B. Provide shipping splits to facilitate adequate clearances for moving equipment into building with minimum disruption to existing building and systems.
Delete one of two paragraphs below or edit to suit Project.

C. Store switchgear indoors in clean dry space with uniform temperature to prevent condensation and per manufacturer’s recommendations. Protect switchgear from exposure to dirt, fumes, water, corrosive substances, and physical damage.

D. If stored in areas subjected to weather, cover switchgear to provide protection from weather, dirt, dust, corrosive substances, and physical damage. Remove loose packing and flammable materials from inside switchgear; install electric heating (250W per section) to prevent condensation.

1.6 PROJECT CONDITIONS
Revise paragraph below to describe specific requirements for moving switchgear into place. Where appropriate, indicate alterations to existing facilities that may be required to accommodate an indicated delivery path. Coordinate with Drawings.

A. Installation Pathway: Remove and replace building components and structures to provide pathway for moving switchgear into place.

Delete paragraph and subparagraphs below if no existing utilities.

B. Existing Utilities: Do not interrupt utilities serving facilities occupied by the Port or others unless permitted under the following conditions and then only after arranging to provide temporary utility services according to requirements indicated:

Edit first subparagraph below to suit Project.

1. Notify the Engineer not less than seven days in advance of proposed utility interruptions.

2. Do not proceed with utility interruptions without the Engineer’s written permission.

3. Coordinate with requirements specified in Section 01 50 00 - Temporary Facilities and Controls for temporary utilities.

4. Field Measurements: Verify dimensions by field measurements.

Retain paragraph below if installation space for switchgear is limited; show maximum dimensions on Drawings.

C. Product Selection for Restricted Space: Drawings indicate maximum dimensions for switchgear, including clearances between switchgear, and adjacent surfaces and other items. Comply with indicated maximum dimensions.

Specify unusual environmental or service conditions here. For switchgear installed outdoors, indicate minimum ambient temperature and expected humidity range.

D. Environmental Limitations: Rate equipment for continuous operation under the following conditions, unless otherwise indicated:

1. Ambient Temperature: Not exceeding 40°C.

2. Altitude: Not exceeding 6600 feet.

3. [Insert unusual service conditions].

1.7 COORDINATION
A. Indoor Enclosure: Steel with devices arranged as shown on contract drawings.

B. Coordinate layout and installation of switchgear and components with other construction that penetrates ceilings or is supported by them, including conduit, piping, equipment, and adjacent surfaces. Maintain required clearances for code-required workspace, equipment access doors and drawout space for circuit breakers.  

1. Ensure that pipes and ducts do not pass over the switchgear, through working space, or draw-out space.
C. Coordinate size and location of concrete bases.

D. Provide yellow striping on floor in front of switchgear showing extent of code-required working space per NEC Article 110-26.

1.8 EXTRA MATERIALS
A. Spare and extra parts shall be identified for all products, but not provided. Include spare parts information in Operation and Maintenance Manuals.
Include spare parts information in Operation and Maintenance Manuals. Coordinate with Section 26 28 13 - Fuses for quantities of spare fuses to be provided.
Fuses: [3] of each type and rating used. Include spares for potential transformer fuses, control power fuses, and fuses and fusible devices for fused circuit breakers.
Indicating Lights: [2] of each type installed.
Touchup Paint: [3] containers of paint matching enclosure finish, each one-half pint.
PART 2   PRODUCTS

A.
If only one product is acceptable (single or sole source product), obtain an approved Competition Waiver and submit to the CPO Construction, Contract Administrator.  The language shall read as: “Manufacturer Name, Product # XXXXX, No Equal.”  Refer to CPO-6 Competition Waiver Policy for more information.

B.
If a Competition Waiver is not approved or more than one product is acceptable, this section must list a minimum of 2 products plus the language “Or Approved Equal,” along with salient characteristics.  Refer to CPO Construction’s Salient Characteristics Guidelines for more information.

2.1 MANUFACTURERS
A. Manufacturers: Subject to compliance with requirements, provide products by one of the following:

1. Cutler-Hammer; Division of Eaton.
When considering General Electric equipment, verify that equipment is rated for operation at 40ºC.

2. General Electric Co.

3. Square D.  
4. Or Approved Equal.  
2.2 RATINGS
Delete this Article if ratings are indicated on Drawings. Drawings are generally the preferred location for this data.

A. Nameplate fault duty for breakers and busway shall exceed the available current at the point of connection. Provide documentation to substantiate compliance.

B. Give consideration to the possibility of future increases in available fault currents due to upsizing of utility transformers. No series rated equipment allowed.
C. Nominal System Voltage: [480Y/277 Volts, 3-phase, 4-wire] [208Y/120 Volts, 3-phase, 4-wire] wire, 60 Hz.

Select one of four ratings in paragraph below and edit for actual rating. Other standard bus ratings are available. IEEE C37.20.1 lists main-bus ratings only through 4000A, but some manufacturers will provide bus ratings through 5000A. However, circuit breakers are available only through 4000A.  No series rated equipment allowed.  
D. Main-Bus Continuous: [4000A] [3200A] [2000A] [1600A].

E. Short-Time and Short-Circuit Current: Match rating of highest-rated circuit breaker in switchgear assembly.

F. Fault duty rating shall be [65 kAsym minimum.] [as shown on drawings.]

2.3 FABRICATION
A. Factory assembled and tested and complying with IEEE C37.20.1.

B. Rated to withstand seismic forces as described in Section 26 05 48 – Seismic Controls for Electrical and Communication Work.
C. Indoor Enclosure Fabrication Requirements:

1. NEMA 1.  
2. Steel construction.  
Front and rear access is always required and side access may be required and should be considered in determining space allowance.

3. Front, rear [and side] access is required.
4. Provide sufficient [conduit] [busway] entrance space in each section to accommodate loads served by that section so that horizontal power wiring within the switchgear is not required.\
5. Provide full height metal barriers between the [cable] [busway] termination compartments and the horizontal busway.
6. Provide full height barriers between adjacent [cable] [busway] termination compartments.
7. Provide lifting means for drawout circuit breakers.

8. Busbars shall be fully insulated copper.
9. Provide full width copper ground bus.
10. Provide [lugs for incoming cables.] [hardware for incoming bus.]

11. Make provision for extending horizontal bus for future additions.
12. Specify shipping splits taking into consideration field installation restrictions.

13. Install on housekeeping pad attached per Seismic Zone 3 requirements and detail attached.

Retain paragraph above or below or both, and edit to suit Project.

D. Outdoor Enclosure Fabrication Requirements: Weatherproof walk-in; all steel construction integral structural-steel base frame with factory-applied asphaltic undercoating; and each compartment equipped with the following features:
1. Rear hinged padlocked doors.

2. Undercoating of all areas in contact with foundation.  

Revise wind speed below to suit local conditions.
3. Structural design and anchorage adequate to resist loads imposed by 125-mph wind. All outdoor draw-out switchgear shall be weather-protected walk-in NEMA 3R.

4. Thermostatically controlled space heater, thermostatically controlled, operating at one-half or less of rated voltage, sized to prevent condensation within switchgear. Provide power source within switchgear with code required overload protection. 

5. Louvers equipped with insect and rodent screen and filter and arranged to permit air circulation while excluding insects, rodents, and exterior dust. 

6. Common internal aisle of sufficient width to permit protective-device withdrawal, disassembly, and servicing in aisle, 42 inches minimum.

7. Two access doors located in aisle with outside padlocking provisions and interior panic latches.

8. Aisle space heaters operating at one-half or less of rated voltage, thermostatically controlled.

9. Interior lighting:  High output fluorescent fixtures with “wet” label, with lenses and wire guards.  Switches at both entrances. Light level minimum 70 footcandles normal and 40 footcandles emergency.

10. Duplex GFCI receptacles, a minimum of two, located in aisle connected to a 15 ampere source.  
Expand subparagraph below if forced ventilation rather than convection ventilation is required.

11. Aisle ventilation louvers equipped with insect and rodent screen and filter and arranged to permit air circulation while excluding insects, rodents, and exterior dust.

12. Provide lifting mechanism for draw-out circuit breakers.
13. Treat aisle floors with antiskid treatment.
14. Roof to slope toward rear.

15. Provide adequate space for lighting controls and other equipment.

E. Finish: IEEE C37.20.1, manufacturer’s standard gray finish over a rust-inhibiting primer on phosphatizing-treated metal surfaces.
F. Section barriers between main and tie circuit-breaker compartments shall be extended to rear of section.

G. Bus isolation barriers shall be arranged to isolate line bus from load bus at each main and tie circuit breaker.

H. Circuit-breaker compartments shall be equipped to house drawout type circuit breakers and shall be fitted with hinged outer doors.  

1. Sufficient conduit and (or) busway entrance space must be provide in each section so that horizontal wiring within the switchgear is not required.

2. Full height metal barriers are required between adjacent vertical structures in the rear access cable compartment.
I. Fabricate enclosure with removable, hinged, rear cover panels, secured by captive thumbscrews, to allow access to rear interior of switchgear.

J. Auxiliary Compartments: Match and align with basic switchgear assembly. Include the following:

Revise subparagraphs below to suit Project.

1. Metering functions outlined in Paragraph 2.03.

Coordinate first subparagraph below with Drawings. Pull section is not usually required in low-voltage power switchgear. Space available for incoming lines may be influenced by metering provisions and main circuit-breaker connections. Edit subparagraphs to suit Project.

2. Bus transition sections.

3. Incoming-line pull sections.

4. Hinged front panels for access to metering, accessory, and blank compartments.

5. Pull box on top of switchgear for extra room for pulling cable, with removable top, front, and side covers and ventilation provisions adequate to maintain air temperature in pull box within same limits as switchgear.

Delete first subparagraph below, if top-mounted circuit-breaker removal mechanism is not used.

a. Set pull box back from front to clear circuit-breaker lifting mechanism.

b. Bottom: Insulating, fire-resistant material with separate holes for cable drops into switchgear.

c. Cable Supports: Arranged to ease pulling of cables and provide adequate support for cables indicated, including those for future installation.

Coordinate paragraph and subparagraphs below with Drawings.

K. Bus bars connect between vertical sections and between compartments. Cable connections are not permitted.

1. Main Phase Bus: Uniform capacity the entire length of assembly.

2. Neutral Bus: 100 percent of phase-bus ampacity, except as indicated. Equip bus with pressure-connector terminations for outgoing circuit neutral conductors. Include braces for neutral-bus extensions for busway feeders.

Retain subparagraph below if switchgear assembly includes spare circuit breakers and spaces for future circuit breakers.

3. Vertical Section Bus Size: Comply with IEEE C37.20.1, including allowance for spare circuit breakers and spaces for future circuit breakers.

4. Phase- and Neutral-Bus Material: Hard-drawn copper of 98 percent minimum conductivity, with copper feeder circuit breaker line terminal connections.

5. Use copper for connecting circuit-breaker line to copper bus.

6. Contact Surfaces of Buses: Silver plated.

7. Feeder Circuit-Breaker Load Terminals: Silver-plated copper bus extensions equipped with pressure connectors for outgoing circuit conductors.

8. Ground Bus: Hard-drawn copper of 98 percent minimum conductivity, with pressure connector for feeder and branch-circuit ground conductors, minimum size 1/4 by 2 inches.

9. Supports and Bracing for Buses: Adequate strength for indicated short-circuit currents.

10. Neutral bus equipped with pressure-connector terminations for outgoing circuit neutral conductors. Neutral-bus extensions for busway feeders are braced.

Retain first paragraph below for switchgear with main service disconnect switches. Edit to suit Project and coordinate with Drawings.

11. Neutral Disconnect Link: Bolted, uninsulated, 1/4-by-2-inch copper bus, arranged to connect neutral bus to ground bus.

12. Provide for future extensions from either end of main phase bus, neutral bus, and ground bus by means of predrilled bolt holes and connecting links.

13. Bus-Bar Insulation: Epoxy resin coating, 5 mil minimum thickness. Provide full UL air clearances.

a. Sprayed Insulation Thickness: 3 mils, minimum.

b. Bolted Bus Joints: Insulate with secure joint covers that can easily be removed and reinstalled. Provide high-tensile strength zinc plated bolts w/ Belleville washers.

2.4 METERING
A. Make provisions for remote monitoring and revenue metering of main and feeder breakers that are compatible with EATONPXM 2260 metering over airport-wide TCP/IP Ethernet backbone. All metering shall be revenue grade, .5% accuracy, in compliance with WAC and RCW requirements.

2.5 COMPONENTS
For all switchgear at Sea-Tac International Airport make provisions for remote monitoring and revenue metering as required. Provide devices compatible with EATON PXM series meters.  
A. Instrument Transformers: Comply with IEEE C57.13.

1. Potential Transformers: Secondary-voltage rating of 120V and NEMA accuracy class of 0.3 with burdens of W, X, and Y.

Coordinate paragraph below with Drawings.

2. Current Transformers: Ratios as indicated; burden and accuracy class suitable for connected relays, meters, and instruments.

B. Multifunction Digital-Metering Monitor: UL-listed or -recognized, microprocessor-based unit suitable for three- or four-wire systems and with the following features:

1. Inputs from sensors or 5A current-transformer secondaries, and potential terminals rated to 600V.

2. Selectable digital display of the following:

a. Phase Currents, Each Phase: plus or minus 1 percent.

b. Phase-to-Phase Voltages, Three Phase: Plus or minus 1 percent.

c. Phase-to-Neutral Voltages, Three Phase: Plus or minus 1 percent.

d. Three-Phase Real Power: Plus or minus 2 percent.

e. Three-Phase Reactive Power: Plus or minus 2 percent.

f. Power Factor: Plus or minus 2 percent.

g. Frequency: Plus or minus 0.5 percent.

h. Integrated Demand, with Demand Interval of 15 minutes.

Delete subparagraph below if not required.

i. Accumulated energy, in megawatt hours, plus or minus 2 percent; stored values unaffected by power outages for up to 72 hours.

3. Mounting: Display and control unit flush or semi-flush mounted in instrument compartment door.

Delete paragraph and subparagraphs below if system analysis shows arresters are not required at switchgear. Show ratings of arresters on Drawings.

C. Surge Arresters: Distribution class, metal-oxide-varistor type. Comply with IEEE C62.11 and NEMA LA1.

1. Install in cable termination compartments and connect in each phase of circuit.

2. Coordinate rating with circuit voltage.

D. Provision for Future Devices: Equip compartments with rails, mounting brackets, supports, necessary appurtenances, and bus connections.

Edit paragraph and subparagraphs below to accommodate special needs, such as dc control, battery, or uninterruptible power supply for control.

E. Control Power Supply: Control power transformer supplying 120V control circuits through secondary disconnect devices. Include the following features:

1. Dry-type transformers, in separate compartments for units larger than 3 kVA, including primary and secondary fuses.

Retain subparagraph below for electrically interlocked main and tie circuit breakers.

2. Two control power transformers in separate compartments with necessary interlocking relays; each transformer connected to line side of associated main circuit breaker.

Delete one of two subparagraphs below.

a. Secondary windings connected through a relay or relays to control bus to effect an automatic transfer scheme.

b. Secondary windings connected through an internal automatic transfer switch to switchgear control power bus.

3. Control Power Fuses: Primary and secondary fuses with current-limiting and overload protection.

F. Control Wiring: Factory installed, complete with bundling, lacing, and protection; and complying with the following:

1. Flexible conductors for #8 AWG and smaller, for conductors across hinges and for conductors for interconnections between shipping units.

2. Conductors sized according to NFPA 70 for the duty required.

2.6 CIRCUIT BREAKERS
A. Description: Comply with ANSI/IEEE C37.13.

Coordinate first paragraph below with Drawings.

B. Ratings: As indicated for continuous, interrupting, and short-time current ratings for each circuit breaker; voltage and frequency ratings same as switchgear.

C. Operating Mechanism: Mechanically and electrically trip-free, stored-energy operating mechanism with the following features:

1. Normal Closing Speed: Independent of both control and operator.

2. Slow Closing Speed: Optional with operator for inspection and adjustment.

Select one of two options in subparagraph below to specify manual or electrical operation for circuit breakers.

3. Stored-Energy Mechanism: [Manually charged] [Electrically charged, with optional manual charging].

Delete subparagraph below if not required.

4. Operation counter.

D. Trip Devices: Solid-state, overcurrent trip-device system consisting of one or two current transformers or sensors per phase, a release mechanism, and the following features:

Delete subparagraphs below if not required.

1. Functions: Long-time delay, short-time delay, and instantaneous-trip functions, independent of each other in both action and adjustment.

2. Temperature Compensation: Ensures accuracy and calibration stability from minus 5 to plus 40° C.

3. Field-adjustable, time-current characteristics.

4. Current Adjustability: Dial settings and rating plugs on trip units or sensors on circuit breakers, or a combination of these methods.

5. Three bands, minimum, for long-time- and short-time delay functions; marked “minimum”, “intermediate”, and “maximum.”

6. Pickup Points: Five minimum, for long-time- and short-time trip functions. Equip short-time trip function for switchable I2t operation.

7. Pickup Points: Five minimum, for instantaneous-trip functions.

Coordinate subparagraph and associated subparagraphs below with Drawings. Indicate circuits with ground-fault protection. Show type of protection for each circuit where switchgear has more than one type. Consider use of 4-pole circuit breakers and 4-pole automatic transfer switches when emergency/standby generator(s) are provided to eliminate multiple ground fault circuit paths.

Standard at Sea-Tac International Airport is to provide ground fault protection for all drawout main and drawout feeder circuit breakers set for proper coordination. (Need two levels of coordinated ground fault protection).

8. Ground fault protection with at least three short-time delay settings and three trip-time delay bands; adjustable current pickup. Arrange to provide protection for the following:

(For example, MCCs feeding only motor loads).

a. Three-wire circuit or system

b. Four-wire circuit or system.

c. Four-wire, double-ended substation.

9. Trip Indication: Labeled, battery-powered lights or mechanical targets on trip device to indicate type of fault.

Delete first paragraph below if not required. Coordinate with Drawings. Edit remaining paragraphs per Project requirements

E. Auxiliary Contacts: For interlocking or remote indication of circuit-breaker position, with spare auxiliary switches and other auxiliary switches required for normal circuit-breaker operation, quantity as indicated. Each consists of two Class “a” and two Class “b” contacts wired through secondary disconnect devices to a terminal block in stationary housing.
F. Drawout Features: Circuit-breaker mounting assembly equipped with a racking mechanism to position circuit breaker and hold it rigidly in connected, test, and disconnected positions. Include the following features:

1. Interlocks: Prevent movement of circuit breaker to or from connected position when it is closed, and prevent closure of circuit breaker unless it is in connected, test, or disconnected position.

2. Circuit-Breaker Positioning: An open circuit breaker may be racked to or from connected, test, and disconnected positions only with the associated compartment door closed, unless live parts are covered by a full deadfront shield. An open circuit breaker may be manually withdrawn to a position for removal from the structure with the door open. Status for connection devices for different positions includes the following:

a. Test Position: Primary disconnect devices disengaged, and secondary disconnect devices and ground contact engaged.

b. Disconnected Position: Primary and secondary devices and ground contact disengaged.

G. Arc Chutes: Readily removable from associated circuit breaker when it is in disconnected position, and arranged to permit inspection of contacts without removing circuit breaker from switchgear.

H. Padlocking Provisions: For installing at least three padlocks on each circuit breaker to secure its enclosure and prevent movement of drawout mechanism.

Delete first paragraph below if not required.

I. Operating Handle: One for each circuit breaker capable of manual operation.

J. Electric Close Button: One for each electrically operated circuit breaker.

K. Key Interlocks: Arranged so keys are attached at devices indicated. Mountings and hardware are included where future installation of key-interlock devices is indicated.
Delete one of two paragraphs below.

L. Undervoltage Trip Devices: Instantaneous, with adjustable pickup voltage.

M. Undervoltage Trip Devices: Adjustable time delay and pickup voltage.

N. Shunt-Trip Devices: Where indicated.

Delete paragraph and subparagraphs below except for fused circuit breakers.

O. Fused Circuit Breakers: Circuit breaker and fuse combinations complying with requirements for circuit breakers and trip devices and with the following:

1. Fuses: NEMA FU 1, Class L current limiting, sized to coordinate with and protect associated circuit breaker.

Delete nonapplicable items in first two subparagraphs below.

2. Circuit Breakers with Frame Size 1600A and Smaller: Fuses on line side of associated circuit breaker, on a common drawout mounting, arranged so fuses are accessible only when circuit breaker is in disconnected position.

3. Circuit Breakers with Frame Sizes Over 1600A: Fuses and circuit breakers may be installed in separate compartments on separate drawout mountings. Fuse drawout element is interlocked with associated power circuit breaker to prevent drawing out fuse element unless circuit breaker is in open position.

4. Open-Fuse Trip Device: Positive means of tripping and holding circuit breaker in open position when a fuse opens. Open-fuse status is indicated at front of circuit breaker or fuse drawout element.

P. Indicating Lights: To indicate circuit breaker is open or closed, for main and bus tie circuit breakers interlocked either with each other or with external devices.

2.7 ACCESSORIES
Delete first paragraph and associated subparagraphs below if not required.

A. Accessory Set: Furnish tools and miscellaneous items required for circuit breaker and switchgear test, inspection, maintenance, and operation.

1. Racking handle to manually move circuit breaker between connected and disconnected positions.

2. Portable test set for testing all functions of circuit breaker, solid-state trip devices without removal from switchgear.

3. Meter test plugs suitable for testing switchgear meters.

Delete one of first two, or both, paragraphs below. Coordinate apparatus space requirements with Drawings.

B. Circuit-Breaker Removal Apparatus: Portable, floor-supported, roller-base, elevating carriage arranged for moving circuit breakers in and out of compartments.

If paragraph below is used for outdoor switchgear, it must be (walk-in) aisle type. Coordinate apparatus space requirements with Drawings.

C. Circuit-Breaker Removal Apparatus: Overhead circuit breaker lifting device, track mounted at top front of switchgear and complete with hoist and lifting yokes matching each size of drawout circuit breaker installed.

Coordinate first paragraph below with Drawings.

D. Spare Fuse Cabinet: Identified and compartmented steel box, or cabinet with lockable door.

E. Storage for Manual: Include a rack or holder, near the operating instructions, for a copy of maintenance manual.

2.8 IDENTIFICATION
Delete this Article if not required. Coordinate with Section 26 05 53 - Electrical Identification.

A. Mimic Bus: Continuous mimic bus, arranged in single-line diagram format, using symbols and lettered designations consistent with approved mimic-bus diagram.

1. Mimic-bus segments coordinated with devices in switchgear sections to which applied, to produce a concise visual presentation of principal switchgear components and connections.

2. Medium: Tape.

3. Color: [Red.] [Contrasting with factory-finish background; as selected by the Engineer from manufacturer’s full range.]

B. System Power Riser Diagrams: Depict power sources, feeders, distribution components, and major loads. Include as-built data for low-voltage power switchgear and connections as follows:

1. Frame size of each circuit breaker.

2. Trip rating for each circuit breaker.

3. Conduit and wire size for each feeder.

2.9 PROVISIONS FOR EXPANSION
A. Allow floor space for addition of future vertical sections. Specify equipment with provision for extending horizontal bus bars in the future.

PART 3   EXECUTION

3.1 EXAMINATION
A. Examine elements and surfaces to receive switchgear for compliance with installation tolerances and other conditions affecting performance.

1. Proceed with installation only after unsatisfactory conditions have been corrected.

3.2 INSTALLATION
Coordinate with Section 26 05 48 - Seismic Controls for Electrical and Communication Work, Section 03 11 00 - Concrete Forms and Section 03 21 00 - Concrete Reinforcement.

A. Support switchgear on concrete bases, 4” nominal thickness. Comply with mounting and anchoring requirements specified in Section 26 05 48 - Seismic Controls for Electrical and Communication Work.
B. Concrete Bases: 3-1/2 high, reinforced, with chamfered edges. Concrete shall be a minimum of 3000 psi. Extend base no more than 3 inches in all directions beyond the maximum dimensions of switchgear unless otherwise indicated or unless required for seismic anchor support. Construct concrete bases according to Section 26 05 29 - Hangers and Supports for Electrical Systems.

1. Concrete bases shall be leveled to no more than 0.25 inches of deviation for every 3 feet in ALL directions.

2. Contractor shall notify Resident Engineer prior to concrete pour to measure concrete base and assess base’s levelness. 

3. Concrete bases shall have smooth finishes.  Broom finishes are prohibited.

C. Temporary Lifting Provisions: Remove temporary lifting eyes, channels, brackets, and temporary blocking of moving parts from switchgear units and components.

3.3 CONNECTIONS
Coordinate two paragraphs below with Drawings.

A. Install equipment grounding conductors for switchgear with ground continuity to main electrical ground bus.

Bolt torque tables are available in the NEC Handbook Article 110-14

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

1. Mark lugs after torquing with red paint such that paint will be visibly disturbed if lugs are disturbed.

3.4 PROTECTION
A. Temporary Heating: Apply temporary heat to maintain temperature according to manufacturer’s written instructions.

3.5 IDENTIFICATION
A. Identify field-installed conductors, interconnecting wiring, and components as specified in Section 26 05 53 - Electrical Identification.
B. Install phenolic labels on switchgear and breakers as specified in Section 26 05 53  - Electrical Identification.
C. Identify equipment name, designation, power source, source location and voltage.

D. Compartment Nameplates: Identify all compartments for function. Label feeder circuit breakers with designation, current rating, load served, and load location.

E. Provide warning and caution signs where indicated or required by the Authority Having Jurisdiction.

F. Provide arc flash labels on all new breakers. Include all costs for arc flash label preparation and printing in bid.

G. Equipment used in emergency systems shall be labeled “Suitable for use on emergency systems” per NEC 700-3.

H. For fused switches, apply label inside door cover identifying NEMA fuse class and size of fuses installed. Arrange fuses so rating information is readable without removing fuse.

Delete below if series-rated system is not specified. Series-rated is only acceptable when engineering considerations dictate.

I. For series-rated equipment, provide label reading “Caution - Series Rated System” to comply with NEC 110-22 and WAC 296-46-110. List circuit-breaker types approved for the series rating.

Delete below if not required.

J. Bus Diagram and Instructions: Frame and mount under clear acrylic plastic on the front of switchgear.

K. Operating Instructions: Printed basic instructions for switchgear, including control and key-interlock sequences and emergency procedures.

3.6 FIELD QUALITY CONTROL
Retain paragraph below unless qualified services are available outside manufacturer’s service group.

A. Manufacturer’s Field Services: Engage a factory-authorized service representative to assist in installation and start-up of the equipment. The manufacturer’s representative shall provide technical direction and assistance to the Contractor in general assembly of the equipment, connections and adjustments, and testing of the assembly and components contained therein.

1. Manufacturer’s Field Service Testing: After installing all equipment and after electrical circuitry has been energized, demonstrate product capability and compliance with requirements.

a. Perform each electrical test and visual and mechanical inspection indicated in NETA ATS. Certify compliance with test parameters.

(1) Circuit Breakers: Perform tests and inspections stated in NETA ATS, Section 7.6.

b. Correct malfunctioning units on-site, where possible, and retest to demonstrate compliance; otherwise, replace with new units and retest.

2. Interlocks: Verify proper operation of all electrical interlocks.

B. Contractor shall prepare for acceptance tests and prepare test reports as follows:

a. Test insulation resistance for each switchgear bus, component, connecting supply, feeder, and control circuit.

b. Use 1000-volt megger for 480-volt systems and 500-volt megger for 208-volt systems.  Megger switchgear with all draw-out units disengaged and again with drawout units engaged and circuit breakers open before energizing switchgear.
c. Test continuity of each circuit.  
d. Check phase rotation of all conductors and ensure proper color coding.

2. Infrared Scanning: After Substantial Completion, but not less than two weeks prior to Final Acceptance, perform an infrared scan of each switchgear. Remove front and rear panels so joints and connections are accessible to portable scanner.

a. Follow-up Infrared Scanning: The Port shall have the option of performing its own infrared inspection. 

b. Record of Infrared Scanning: Prepare a certified report that identifies switchgear checked and that describes scanning results. Include notation of deficiencies detected, remedial action taken, and observations after remedial action.  

C. Testing Agency: Engage a qualified independent testing firm to perform field quality-control testing as specified in Section 26 08 00 - Acceptance Testing.
a. Electrical Contractor shall accompany the independent testing firm field service technician and assist as required during field tests.

3.7 CLEANING
A. On completion of installation, inspect interior and exterior of switchgear. Remove splatters of paint and other spots. Vacuum dirt and debris; do not use compressed air to assist in cleaning. Repair exposed surfaces to match original finish.

3.8 STARTUP SERVICES
A. Engage a factory-authorized service representative to perform startup service.

B. Verify that switchgear is installed and connected according to the Contract Documents.

Revise first paragraph below if point-to-point verification of all internal control wiring is not required.

C. Verify that electrical control wiring installation complies with manufacturer’s submittal by means of point-to-point continuity testing. Verify that wiring installation complies with requirements in Division 26 Electrical Sections.

D. Complete installation and startup checks according to manufacturer’s written instructions.

3.9 DEMONSTRATION AND TRAINING
A. Engage a factory-authorized service representative to train Port maintenance personnel to adjust, operate, and maintain switchgear.

1. Train Port maintenance personnel a minimum of four hours on procedures and schedules for energizing and de-energizing, troubleshooting, servicing, and maintaining equipment and schedules.

2. Review data in maintenance manuals. Refer to Section 01 78 23.13 - Operations and Maintenance Data.
3. Schedule training with the Port with at least seven days’ advance notice.

3.10 OPERATION AND MAINTENANCE MANUALS
A. Comply with Section 01 78 23.13 - Operations and Maintenance Data and Part 1 of this specification.

PART 4   MEASUREMENT AND PAYMENT

4.1 GENERAL
A. No separate measurement or payment will be made for the Work required by this section. The cost for this portion of the Work will be considered incidental to, and included in the payments made for the applicable bid items in the [Schedule of Unit Prices] [Lump Sum price bid for the Project].

End of Section
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