4.30
CAPACITORS
4.30.1
General

The high voltage power factor correction capacitor (PFCC) banks shall be designed, tested and assembled in accordance with the latest applicable standards of NEMA, ANSI, IEEE, and in compliance with the National Electrical Code.  The PFCC banks shall be arranged in accordance with this specification.  A spare parts list and all necessary installation start-up, operation and maintenance manuals will be shipped with all equipment.

4.30.2
Ratings

The PFCC banks shall be rated for 13.8 KV, three phase, with the ungrounded neutral wire connection.  The overall equipment BIL shall be 95 KV.  These specifications cover three 13.8 KV electrical power factor correction capacitor (PFCC) banks in their entirety, including:



CP-1W, one 4500 KVAR automatic controlled PFCC bank



CP-1E and CP-2E, two 2700 KVAR automatic controlled PFCC banks



Two additional 1800 KVAR PFCC banks, CP-1E-A and CP-2E-A

4.30.3
Enclosure
4.30.3.1
General

Enclosure shall be the vendor's standard, NEMA 3R, outdoor metal enclosure for the 13.8 KV capacitor bank.  The dimensions for the PFCC bank, CP-1W, shall be approximately 104"H X 183"W X 48" D, which can be divided into a maximum of three shipping sections.  The dimensions for the PFCC banks, CP-1E and CP-2E, shall be approximately 104"H X 177"W X 48" D each of which can be divided into a maximum of two shipping sections.  Each CP-1W, CP-1E and CP-2E shall consist of a line entrance section and a number of capacitor sections.  The dimensions for the 1800 KVAR PFCC bank shall be approximately 104"H X 66"W X 48"D in one shipping section.  Lifting lugs on both sides of the equipment near the top shall be provided for unloading or moving with slings where a crane is available.  The heavy steel base shall permit jacking and may be used for skidding, if necessary.

4.30.3.2
Doors

All enclosures shall be equipped with an adequate number of hinged doors for front access.  The back of the enclosure shall be gasketed and bolted steel panels.

4.30.3.3
Ground Pads

Two ground pads shall be provided for each capacitor bank enclosure, one each at each rear lower corner of the enclosure suitable for connecting a #250 MCM bare copper grounding wire.

4.30.4
Main Bus

The main horizontal buses shall be insulated copper bars rated 600A with 40 KA short circuit current bracing and silver or tin-plated joints.  Horizontal copper buses shall be mounted on indoor bus support insulators.  The main bus shall be constructed to provide for future expansion on one end of the entire PFCC bank enclosure.

4.30.5
Capacitor Units

Capacitor units shall be the vendor's standard outdoor, 13.8 KV single phase, two bushing, 60 Hz, 150 KVAR units of the type applied on distribution systems.  These capacitors shall contain a synthetic film dielectric system which results in very low losses (about 0.1W per KVAR), higher KVAR per unit, reduced volume per KVAR, lower operating temperatures with corresponding longer life, and high transient voltage withstandability.  Each capacitor shall contain an internal discharge resistor which will drain the residual voltage to 50 V crest in less than five minutes after the unit has been disconnected from the circuit.  Capacitor unit shall be a non-PCB oil immersed type.  All metal enclosed capacitor units shall include one current limiting fuse for each installed capacitor unit.  These fuses shall provide visual indication of fuse operation.  The ampere rating and voltage rating of the fuse shall be selected to coordinate with the particular capacitor unit with which it is used.

4.30.6
Switches

All 15 KV 3PST oil switches or three SPST assembled oil switches shall be rated 200A continuous, 200A maximum, capacitor switching current, 9 KA 60 Hz RMS asymmetrical momentary make, 12 KA 6000 Hz peak make, 4 cycle closing and opening time, 45 KV wet and 50 KV dry one minute withstand ability, and 125 KV BIL.  The switches shall be an electrically operated switch driven by a two-coil-linear solenoid located in the low voltage compartment.  The switches shall also be equipped with a manual operating handle.  The switches shall be Westinghouse type CSR, 200A, 15 KV, three SPST assembled switches.  Properly rated 15 KV vacuum contactors for capacitance switching are also acceptable.  An adequately sized reactor coil shall be provided with each switch to suppress the switching transient voltage.

4.30.7
Line Entrance Section
4.30.7.1
General

The line entrance section shall be an unswitched power entrance compartment containing three phase buses and a neutral bus all insulated from the enclosure.  Overhead cable line leads may be brought in by conduit through a removable plate in the compartment top to be connected to three bus terminal connectors.

4.30.7.2
Components

The line entrance section shall also accommodate at least the following components:



An automatic power factor control (APFC) panel with  a solid state intelligent circuit capable of measuring the power factor utilizing three phase PT and CT information, controlling a minimum of six capacitor switches (or contactors) sequentially through six interposing relays and with four set points, as follows:
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Auto-manual mode control switch for APFC panel



Capacitance oil switch status indication lights



A single phase PT, 13.8 KV 120V, to provide voltage information to the APFC panel and control power



A single phase PT connected between the ungrounded neutral bus and the ground bus to detect an unbalanced voltage



An unbalanced voltage relay, such as Westinghouse CV relay, to initiate a blown fuse alarm including an indicating light



Three auto-manual operation switches for three capacitor oil switches



A short circuiting and grounding safety switch for safety during maintenance (The switch shall be mechanically interlocked with all capacitor compartment doors to prevent access to the compartment unless the phase and neutral busses are shorted and grounded.  Conversely, the shorting and grounding switch shall not be opened until all capacitor compartment doors are closed and latched.  As a further precaution, the short circuiting and grounding switch shall be provided with a key interlock for coordinating with the purchaser's remote main disconnect switch or circuit breaker, to prevent grounding the capacitor busses while the breaker is closed and to prevent closing the breaker while the busses are grounded.  This key interlock mechanism shall be provided for field installation on the remote main breaker panel door.)



A ground bus incorporated into the enclosure

4.30.8
Capacitor Sections
4.30.8.1
Enclosure

The capacitor section shall contain a welded steel frame which is solidly connected to the sheet metal of the enclosure.  This frame supports the capacitor units in a single row, three tiers high.  The capacitors shall be edge mounted with the bushings facing the doors.  Removal or addition of individual capacitor units is easily accomplished through the hinged doors on the front side of the enclosure.  The floor of each capacitor compartment shall be made from expanded metal screen, and the top rear of the compartment shall be louvered and screened.  This permits free air circulation and prevents the entrance of rodents, foreign matter, wind drive rain, etc.  One or more 1/4 hp, 115 V single phase fans shall be mounted in the bottom of the capacitor compartment to provide forced ventilation.

4.30.8.2
Thermostats

Each capacitor compartment shall also contain two thermostats.  One thermostat starts the fans when the temperature reaches 100°F and stops the fans when the temperature is 80°F.  The second thermostat shall be used as a safety feature to trip the capacitor switch and remove the capacitor from service or sound an alarm.  It shall operate at 135°F and is manually reset.

4.30.8.3
Capacitor Assemblies

The major capacitor bank in each capacitor section shall be assembled with multiples of three standard capacitor units as specified in 4.30.4 to provide the ultimate KVAR in this section.  The three additional unit capacitor spaces shall be provided for future KVAR uprating purpose.  The entire capacitor assembly shall be connected to the main bus through a set of reactor and oil switch specified in 4.30.5.  Also, the capacitor assembly shall be connected in 'Y' connection whole neutral shall be connected to the ungrounded neutral bus in the section.

4.30.9
Manuals

Equipment submittals shall include but not be limited to the following:



13.8 KV capacitor unit (Loss in w/KVAR shall be indicated.)



High voltage oil switch section or vacuum contactor



APFC panel control schematic or logic diagram



PFCC bank enclosure outline
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