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SECTION 16125 -BUSWAY SYSTEM

PART 1-PRODUCTS

1.1 SCOPE

A. Furnish and install power distribution busways and related equipment as indicated on the drawings and as
herein specified.
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2.4 PLUG-INUNITS

A. Plug-inunitsshall be of the circuit breaker type. With grounding stab.

2.5 TAPBOXES, ETC.
A. Feeder tap boxes, servicefittings, etc. shall be as provided by the busway manufacturer, except where specia
fabrication isrequired or specifically approved by the Engineer.

PART 3 - EXECUTION

3.1 RESPONSIBILITY FOR ROUTING AND MEASUREMENT
A. Drawingsindicate required busway ratings, along with approximate routing and lengths required.

B. Actual routing, required fittings, types and positions of supports, and other details of the installation shall be
determined by the Electrical Contractor.

C. Final field measurements shall be made by the Electrical Contractor prior to release of busway for fabrication.

3.2 INSTALLATION
A. All ingallation shal be in accordance with the requirements and recommendations of the manufacturer.

B. Inno case shal any busway or system component be installed in such away asto prevent proper service
access to any new or existing equipment.

C. Spacing of busway supports (hangers, brackets, etc.) shall not exceed ten (10) feet.

D. Where busway is located more than 7 feet above floor, or where length of hanger rods exceeds 18 inches,
sway bracing shall be provided.

END OF SECTION 16125
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SECTION 16130 - GROUNDING AND BONDING

PART 1 - GENERAL

1.1 SCOPE

A.

The electric system neutral, the neutral of each separately derived system, and al non-current-carrying
metal parts, raceways, and enclosures shall be permanently and effectively grounded.

Grounding and bonding shall be provided in strict accordance with the National Electrical Code, and as speci-
fied herein and on the drawings.

The Contractor shall note that required grounding conductors and connections are not al shown on the draw-
ings. NEC requirements apply.

PART 2 - PRODUCTS

2.1 MATERIALSAND APPLICATIONS

A.

B.

Grounding conductors shall be of THWN insulated copper, unless otherwise indicated.
Grounding bus barsin distribution equipment shall be bare copper.
Aluminum and aluminum aloys are not acceptable as grounding materials.

Clamps for attaching conductors to water pipes and ground rods shall be of bronze. Ground rod clamps shall
be U.L. listed for direct burial.

Clamps for attaching conductorsto building steel shall be of steel, bronze, or malleableiron.
Threaded hubs for bonding meta raceways to the contained grounding el ectrode conductors and to the water
pipe clamps shall be of bronze or malleable iron. Similar hubs shall be used to bond the same raceways to the

conductors and to sheet metal equipment enclosures.

Driven grounding electrodes shall consist of copper clad steel rods. Rods shall be 10 feet long and 3/4" diame-
ter unless otherwise indicated.

Bonding bushings shall be of steel or malleable iron with non-removable plastic throats rated 150°C.

Bonding locknuts and wedges for service conduits shall be of zinc coated steel.

PART 3 - EXECUTION

3.1 EQUIPMENT GROUNDING

A.

08/01/09

All non-current-carrying metal parts, raceways, and enclosures of the electrical system and of equipment sup-
plied through the electrical system shall be permanently and effectively grounded.
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B.

Equipment grounding conductors shall be provided for each feeder and for each branch circuit and shall be
contained within the same raceways as the feeder and branch circuit conductors. The equipment grounding
conductor shall be THWN insulated copper, not smaller than #12 AWG.

Where isolated grounds are indicated, or required to serve isolated ground type receptacles, provide two
equipment grounding conductors of equal size; one to ground raceways, boxes, and other enclosures; the other
to connect to the isolated grounding terminals on the equipment or its special receptacle. Both grounding con-
ductors shall be provided in each branch circuit and each feeder raceway back to the point where the service
neutral, or the separately derived system neutral, is connected to ground.

Copper bonding strips normally included in small sizes of liquid-tight flexible metal conduit and dependent
upon the terminal connectors for bonding continuity will not be accepted in lieu of the equipment grounding
conductors specified herein.

Grounding terminals on wiring devices, other than isolated ground receptacles, but including switches, shall
be connected to the equipment grounding conductor included in the branch circuit raceway, and to the device
box with suitable jumpers and lugs bolted to the box, not the plaster ring. "G" clips are not acceptable, and
"self-grounding” type device mounting screws will not be accepted as the device grounding method.

Where metal raceways enter sheet metal enclosures through knockouts provide bonding bushings and jumpers
to the enclosure under any of the following conditions:

1. Voltage exceeds 250 voltsto ground.
2. Branchcircuit conduit exceeds 1" in size.

3. Feeder conduit regardless of voltage and size.

3.2 GROUNDING OF OTHER SYSTEMS

A.

All metal piping systemsincluding water piping, gas piping and sprinkler piping shall be permanently and ef-
fectively bonded to the electrical equipment ground system as required by N.E.C. 250.

Structural metal systems shall be permanently and effectively bonded to the electrical grounding electrode
system as required by N.E.C. 250.

The lightning protection system shall be permanently and effectively bonded to the electrical grounding elec-
trode system as required by N.E.C. 250.

3.3 GROUNDING ELECTRODE SYSTEM

A.

The grounding electrode system for the service neutral and service equipment shall include connectionsto the
following:

1. Thewater main at the nearest accessible point to where it enters the building and on the street side of the
main valve. This connection shall remain accessible after construction is complete.

2. A ground rod using #4 AWG copper conductor. Ground rods shall be driven to a depth equal to their
length plus six inches. Provide additiona ground rods not less than 10 feet apart where needed to comply
with NEC ground resistance limitations, and resistance limitations specified herein.

3.  Structura metal building frame, where applicable.
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B.

Grounding €electrode conductors shall be without splice and shall be contained within steel raceways and
bonded to the raceway at both ends. Raceway may be omitted only where specifically indicated on the draw-
ings.

A mechanical clamp type ground conductor connection is acceptable only if the connection is readily accessi-
ble for inspection and tightening. Any connection point not readily accessible shall be made by the thermal
welding process.

The Contractor shall test the ground resi stance of the completed grounding electrode system. If test indicates a
resistance to ground in excess of 25 ohmsiit shall be reduced to 25 ohms or less by providing additional
ground rods.

Prior to making the final main bond jumper connection from the grounding electrode conductor to the system
neutral, the contractor shall demonstrate by megger test adequate isolation from ground of the system neutral.
Thistest will require that the system neutral be suitably isolated from service neutral if it has been grounded in

any way.

3.4 SEPARATELY DERIVED SYSTEMS

A.

08/01/09

The secondary of each Dry-Type Transformer, and the output of each Generator whose neutral is not solidly
connected to the service neutral are considered to be Separately Derived Systems.

The Grounding Electrode Conductor for the neutral and equipment of each Separately Derived System shall
be connected to the nearest accessible member of the grounded structural metal building frame where applica
ble; or, in the absence of suitable structural metal, to the nearest accessible cold water pipe. This connection
shall remain accessible after construction is complete.

Grounding Electrode Conductors for Separately Derived Systems shall be without splice and shall be con-
tained within steel raceways and bonded to the raceway at both ends. Raceway may be omitted only where
specifically indicated on the drawings.

Bond the following together within the enclosure of each Dry-Type Transformer, unless otherwise indicated:
1. Grounding Electrode Conductor described above.

2. Transformer secondary neutral.

3. Transformer enclosure.

4. Equipment Grounding Conductor included in raceway with primary feeder conductors.

5. Equipment Grounding Conductor included in raceway with secondary service conductors.

Bond the following together within the main circuit breaker enclosure of each Generator, unless otherwisein-
dicated:

1. Grounding Electrode Conductor described above.
2. Generator neutral.
3. Circuit breaker enclosure.

4. Equipment Grounding Conductor included in raceway with Generator output conductors on line side of
circuit breaker.
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5. Equipment Grounding Conductor included in raceway with feeder conductors on load side of circuit
breaker.

F. For each Generator outside the building, provide a ground rod with a#4 AWG copper conductor connected to
the Generator frame, weatherproof enclosure, and to the Generator main circuit breaker if it islocated at the
Generator.

END OF SECTION 16130
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SECTION 16140 - BOXES

PART 1 - GENERAL

1.1 SCOPE

A. Furnish and install outlet boxes, switch boxes, pull boxes, terminal boxes, junction boxes and floor boxes
complete as shown and specified.

1.2 SUBMITTALS

A. Submit for approval manufacturer's data sheets for all box types.

PART 2 - PRODUCTS

2.1 MATERIALSAND APPLICATIONS

A. Unless specifically noted or approved otherwise, boxes shall be of zinc coated steel or cast ferrous aloy as
manufactured by Steel City, Raco, Crouse-Hinds, Appleton, or approved equal.

B. For exposed work on the exterior of the building, and in damp or wet interior locations, boxes shall be of cast
meta with threaded conduit hubs and gasketed covers; or of zinc coated sheet steel of NEC gauge and size
with screw fastened gasketed covers and threaded conduits hubs of zinc coated malleable iron and no knock-
outs or extraneous openings. Cover screws shall be stainless stedl.

C. For exposed work ininterior dry locations less than 8 feet above afloor or platformin other than Electrical,
Mechanical or Communications Closets or Equipment Rooms, boxes shall be of cast metal with threaded
conduit hubs and matching covers; or of zinc coated sheet steel of NEC gauge and size with screw fastened
covers and no knockouts or extraneous openings. Cover screws shall be stedl.

D. For exposed work in interior dry locationsin Electrical, Mechanical, or Communications Closets or Equip-
ment Rooms; or, in other dry areas, 8 feet or more above afloor or platform, boxes 5" square and larger shall
be NEC gauge and size of zinc coated sheet steel. 4" octagonal, 4" square and 4-11/16" square "knockout"
boxes shall be of zinc coated steel, NEC gauge and size. Box extensions are not permitted on exposed
"knockout" boxes, and covers shall be of the raised surface type. "Handy" boxes are not permitted.

E. For concealed work, fixture outlet boxes shall be 4" octagonal minimum, provided with plaster ringsin plas-
tered surfaces. Concrete ring boxes shall be used in poured concrete. Switch and outlet boxesin plastered and
dry walls shall be 4" square minimum or one-piece multi-gang with appropriate plaster rings. Switch and out-
let boxesin exposed brick, block or tile walls shall be single or multi-gang one-piece boxes not less than 3-
1/2" deep with square corners and with internal device mounting holes, equal to Steel City Type GW. Boxes
in walls finished with ceramic tile or wood paneling shall be 4" sguare minimum or one-piece multi-gang
boxes, fitted with appropriate tile rings having square corners and internal device mounting holes. Gangable
boxes are not permitted.

F. Foor boxes shall be the furniture feed, poke-thru type approved for use on above-grade floors. The poke-thru
assembly shall consist of an insert and an activation cover. Overall poke-thru assembly length shall be 14
7/16". The insert body shall have the necessary channelsto provide complete separation of power and com-
munication services. There shall be one %’ trade size conduit channel and one 1 ¥4’ trade size conduit channel
for power and communication cabling. The body will also consist of anintumescent fire stop material to
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maintain the fire rating of the floor dab. The intumescent materia shall be held securely in place in theinsert
body and shall not have to be adjusted to maintain the fire rating of the unit and the floor dab. Insert shall
have a spring stedl-retaining ring that will hold the poke-thru device in the floor slab without additiona fas-
teners. Insert shall aso accept conduit connectors to accommodate extensions for deeper concrete slab depths.
Conduit extensions shall be available for both %2" trade size and 1 ¥4" trade size conduits. The activation cover
shall be manufactured of zinc die-cast alloy and consist of atrim flange and a hexagonal service head. The ac-
tivation cover shall be capable of being powder coated or plated. Finish shall be textured, two-stage epoxy
paint availablein agray or black finish. A gasket is attached to the underside of the activation cover trim
flange to maintain scrub water tightness. Activation cover shall have six openings to address both power and
communication requirements. Five openings shall contain rubber grommet materia for communication cable
pass-through. The sixth opening shall have a zinc die-cast threaded drop-in hub to accept a %4’ trade size con-
duit connector. Activation cover height shall be 2 5/32” high and 5%%’ in diameter. The trim flange shall be 7"
in diameter. Service head shall aso provide conduit barrier to complete isolation of power and communication
service throughout the poke-thru assembly. Activation cover shall not be used as ajunction box. All power
connections must be made in ajunction box below.

G Foor boxes on ground slab shall be cast-iron, approved for use on grade. The boxes shall be 14-1/2” L x
11-7/8" W x 3-7/16" H. There shall be four independent wiring compartments that allow capacity for up to
four duplex receptacles and/or communication services. The floor boxes shall permit tunneling from adja-
cent or opposite compartments. Two of the four compartments shall have a minimum wiring capacity of 27
cu. in. and two compartments shall have a minimum wiring capacity of 36 cu. In. The boxes shall provide
the following number of conduit hubs: four 1" and four 1-1/4”. The boxes shall be fully adjustable, provid-
ing a maximum of 1-7/8” pre-pour adjustment, and a maximum of ¥4" after-pour adjustment. Activation
covers shall be manufactured of die-cast aluminum with a brushed aluminum finish. Activation covers shall
be available in flanged and flangel ess versions. Covers shall be available with options for tile or carpet in-
serts, flush covers, or covers with one 1” trade size screw plug opening and one combination 1-1/4" and 2"
trade size screw plug openings for furniture feed applications. Flanged coversshall be 7 %" L x 6-9/16” W.
Flangeless covers shall be 6-3/4” L x 5-9/16” W. The boxes shall provide a series of device mounting
communication plates that will accept both duplex power devices, aswell as plates that will accommodate
outlets and modular inserts. Wiremold RFB4-Cl-1 or equal.

H. Foor boxes on elevated dabs shall be the poke-thru type, suitable for use with up to 2 hour rated floors.
The poke-thru assembly shall consist of an insert body and an activation cover. Overall poke-thru length
shall not be greater than 16-1/4". The insert body shall have the necessary channels to provide complete se-
paration of power and communication services. There shall be one %2’ trade size channel for power and two
Y5" trade size channels for communication cabling. The channels shall be arranged such that communica-
tion cables can be conduit protected and connected to the insert body using a die-cast zinc conduit connec-
tor with two ¥2” trade size threaded openings to accept both rigid and flexible conduit connections. The
body shall consist of an intumescent fire stop material to maintain the fire rating of the floor dab. Thein-
tumescent material will be held securely in place in the insert body and shall not have to be adjusted to
maintain fire rating of the unit and the floor slab. The insert shall have a spring steel-retaining ring that will
hold the poke-thru device in the floor slab without additional fasteners. The poke-thru insert shall also con-
sist of a ¥4’ trade size conduit stub that is connected to the insert body and a 24.5 cu. In. stamped steel junc-
tion box for wire splices and connections. The stamped steel junction box shall also contain the necessary
means to electrically ground the poke-thru device to the system ground. The trim flange shall be manufac-
tured of die-cast aluminum aloy and be capable of being powder-coated or plated. Coated finish isto be
textured, two-stage epoxy paint in black. A gasket is attached to the underside of the trim flange to main-
tain scrub water tightness. The activation cover shall be 7" in diameter. The activation dide cover shall be
5” in diameter. The activation shall also be supplied with a 20 amp duplex receptacle prewired with three
#12 AWG THHN conductors for power applications. The poke-thru activation cover shall be manufactured
from textured Black polycarbonate. The slide holder assembly shall be flush with the floor and provide
“Dead-front” protection that allows the receptacle covers to snap back into place when receptacleis not in
use. A gasket is attached to the underside of the cover assembly to maintain scrub water tightness by pre-
venting water, dirt, and debris from entering the power and communication compartments. The device shall
also have accommodations for up to two communication connectors. The cover shall have individual dlides
that allow access to the communication connectors and will close over the connectors when not in use.
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PART 3

Each activation cover shall also provide locations to adhere labels to identify both power and communica-
tion circuits. Wiremold RC7 or equal.

- EXECUTION

3.1 INSTALLATION

A.

B.

Set recessed boxes with edges flush with finished surfaces.
Immediately after installation cover boxes to prevent entrance of foreign matter.

Scaling of plans for outlet locationsis not necessarily accurate enough for the intent of these specifications. It
isthe Contractor's responsibility to comply with the evident intent for centering or symmetric arrangement in
ceiling and wall spaces. Special attention isalso directed to the location of any outlets which are built into, or
located in relation to, other features such as shelving, work counters, and equipment. The Contractor shall
consult plans and shop drawings on such features and locate outlets as thereby indicated.

Mounting heightsindicated herein and on the drawings are approximate dimensions of the center of the box to
the floor, and may vary dlightly in order to clear obstructions and match jointsin masonry. Referencesto "Ho-
rizontal" and "Vertical" apply to the orientation of the long dimension of a single-gang plate and of the device
mounting strap. Alignment tolerance shall be 1/16 inch.

1. Wal receptacle, data, and telephone outlets shall, unless otherwise indicated, beingtalled vertical, 18" up.
2. Outletsindicated as"counter height," aswell asboxesfor wall switches, fire alarm manual stations, and
wall telephones shall be ingtaled vertical, 46" up, clear of wall cabinets, back-splashes, and wainscot in-

terferences.

3. Firedarm signal devices shall be installed with the top of the device approximately 6" below the ceiling
or with the bottom of the device 80" above the floor, whichever islower.

4. Teevision signal outlets shall, unless otherwise indicated, be installed vertical, 84" up.
Switch boxes beside doors shall be on the strike side, with edge approximately 2" from door jamb or trim.
Junction and pull boxes may be used as necessary to facilitate wiring provided they are hidden from sight (but

accessible), or ingtalled in locations where exposed wiring is permitted, or flush mounted at locations ap-
proved by the Architect/Engineer.

END OF SECTION 16140
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SECTION 16150 - WIRING DEVICES

PART 1

- GENERAL

1.1 SCOPE

A.

B.

The Contractor shall furnish and completely install lighting switches, convenience outlets, and special pur-
pose receptacl es along with appropriate outlet boxes and device plates as indicated on the drawings and as
herein specified.

Where connection to an item of equipment is required under this contract, and where such equipment requires
areceptacle for connection, the Contractor shall furnish and install the appropriate device, whether or not the
deviceis specifically shown or specified.

1.2 SUBMITTALS

A.

PART 2

Submit for approval catalog data sheets for all wiring devices.

- PRODUCTS

2.1 MANUFACTURERS

A.

C.

Wiring devices and device plates shall be manufactured by Hubbell, Bryant, Arrow Hart, Pass and Seymour,
Leviton, or Eagle.

Catalog numbers of one or more of the manufacturers are used herein and on the drawings to set a standard of
quality and capacity. Equivalent products of the other named manufacturers are also acceptable, provided they
are submitted and approved in accordance with Section 16010, Electrical General Requirements.

All wiring devices of any one general type (e.g. al duplex receptacles or all light switches) shall be of the
same manufacturer, and shall match throughout.

2.2 WIRING DEVICES AND PLATES - GENERAL

2.3 SwiI

08/01/09

Wiring devices shall be specification grade unless otherwise indicated.

Unless otherwise indicated or directed, wiring devices shall be gray in color.

Unless otherwise indicated, plates for flush outlets shall be of #302 stainless steel and shall be standard size.
Those for surface cast boxes shall be of stedl, of shape and finish to match the box. Screws shall be stedl to
match the plate.

Each wiring device (including each switch) shall be equipped with a Hex-Head green grounding screw for

grounding the device and plate to the outlet box and to the equipment grounding conductor run with the circuit
conductors. " Self-Grounding" type mounting screws will not be accepted as the device grounding method.

TCHES
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A.

Switches used for lighting control shall be listed to Fed. Spec. W-A-896E and rated 20 amps, 120-277 VAC,
side wired, Hubbell 1221 series.

Switches used for disconnecting small single-phase motors and appliances shall be listed to Fed. Spec. W-S-
896E and rated 20 or 30 amps to match the branch circuit rating and comply with their horsepower ratings,
120-277 VAC, side wired, Hubbell 1221 and 3031 series.

Pilot lights shall be neon.

Weatherproof switches shall be equipped with stainless steel covers UL listed for wet locations with cover
closed, Pass and Seymour WP-1.

Switches with collars around the operating toggle will not be accepted.

2.4 RECEPTACLES

A.

Receptacles shall be listed to UL498 and Fed. Spec. W-C-596. Unless otherwise indicated or required, recep-
tacles shall be the duplex type, side and back wired, with nylon face. On circuits supplying two or more such
receptacles, they shall be rated 15 amps, 125 volts, NEMA 5-15R. Duplex receptacles on individual circuits
shall berated 20 amps, 125 volts, NEMA 5-20R.

Where no other features are indicated on the drawings provide Hubbell 5262 and 5362 series for 5-15R and 5-
20R respectively.

Where indicated on the drawings provide Ground Fault Circuit Interrupter receptacles, Hubbell GF5262 and
GF5362 series for 5-15R and 5-20R respectively. GFCI receptacles shall be Class A, listed to UL standard
943.

Where indicated on the drawings provide | solated Ground Receptacles, Hubbell 1G5262 and 1G5362 series for
5-15R and 5-20R respectively.

Where indicated on the drawings provide Weatherproof receptacles consisting of Ground Fault Circuit I nter-
rupter receptacles as specified above with stainless steel covers UL listed for wet locations with cover closed,
Pass and Seymour CA2-GH.

PART 3 - EXECUTION

3.1 INSTALLATION

A.
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Devices shall be mounted tightly to boxes and be adjusted plumb and level. Devices shall be mounted flush
with its associated coverplate. Ears on flush devices shall be in uniform contact with wall surfaces, or the de-
vices shall be fitted with Caddy RLC device levelers. Device plates shall not be used for support of flush de-
vices,

Where two or more devices are indicated for gang installation, they shall be trimmed with gang type plates.

Grounding type receptacles shall be grounded with insulated copper grounding conductors routed with the cir-
cuit conductors.

The Contractor shall provide suitable testers, and demongtrate, when directed, that receptacles are operational

and correctly wired; and that ground fault circuit interrupter type receptacles will trip when current to ground
has a value in the range of 4 through 6 milliamperes.
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END OF SECTION 16150
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SECTION 16160 - RACEWAY AND OUTLET SYSTEMS

PART 1 - GENERAL

1.1 SCOPE
A. Contractor shall furnish and install systems of raceways, outlet boxes, equipment boards, and cabinets, as

indicated on the drawings and as herein specified to accommodate the installation by others of wiring and
equipment.

PART 2 - PRODUCTS

2.1 MATERIALS
A. Raceways, and boxes, shall be in compliance with the relevant sections of these specifications.

B. Wall outlets shall consist of standard 4" x 4" x 2-1/2" outlet boxes with single devicerings. Trim plates
shall be blank to match wiring device trim plates, unless otherwise indicated.

C. Specid outletsincluding floor outlets shall be as noted on the drawings.

D. Cabletray shall be the aluminum ladder type with ainside width of 12 inches or 18 inches asisindicated on
the drawings. Siderail height shall be 5 inches with aloading depth of 4 inches on all trays. Rung spacing
shall be 12 inches. Siderails, rings and splice plates shall be of aluminum ally 6063-T6. Tray loading capac-
ity shall meet NEMA class 12B with a safety factor of 1.5. Tray shall comply with the requirements of
NEMA VEL. Provide al necessary fittings, curbed sections, splice plates, hardware and accessories as re-
quired for a proper installation as shown on the drawings. At each point where the tray is not continuous
including penetrations through firewalls, transitions to a different tray size, etc., equipment ground bonding
jumpers sized and in accordance with NEC 250, shall be installed.

E. Equipment boards shall be of size noted or shown on the drawings, and shall be constructed of 3/4" ply-
wood, with finish grade on front. Paint board with gray fire-retardant paint.

PART 3 - EXECUTION

3.1 COORDINATION

A. Contractor shall fully coordinate with the telephone and system ingtaller, and shall install service entrance
raceways, backboards, and grounding conductors in accordance with their requirements.

B. Contractor shall fully coordinate with other ingtallers of wiring and equipment and shall install raceways, out-
lets, cabinets, and backboards in accordance with their requirements.
3.2 INSTALLATION

A. Install pull boxes as necessary to limit runs between pull pointsto two 90 degree bends (or equivaent) and to
100 feet in length, unless other arrangements are approved by the wiring installers.
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B. Leaveall racewayswith 100 Ib. test nylon pull cord.
C. Instal raceways and boxes in accordance with relevant sections of these specifications.

D. Unless specifically noted otherwise, provide an individual 1" conduit from each indicated outlet to the nearest
cable tray, equipment cabinet or terminal board for the system involved.

E. Provideal conduits not terminating on boxes with plastic bushings.

F. At the equipment terminal board, terminate all conduits with plastic bushings.

END OF SECTION 16160
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SECTION 16170 — UNIT MOTOR CONTROL EQUIPMENT

PART 1 - GENERAL

1.1 SCOPE

A. Furnish and install Unit Motor Control Equipment as indicated on the drawings and as herein specified.
1.2 SUBMITTALS

A. Submit for approval manufacturer's data sheets showing all pertinent information regarding the motor control

equipment including controller type and ratings, enclosure type, and dimensions, required accessories and al
other features as required by these specifications.

PART 2 - PRODUCTS

2.1 SINGLE-PHASE MOTOR CONTROLLERS
A. Motor controllers for single-phase, 60 Hz., fractional horsepower motors shall be 20 A, AC rated toggle
switch unless otherwise noted.
2.2 THREE-PHASE MOTOR CONTROLLERS:
A. Thisspecification appliesto the following:
1. Individual and grouped (motor control center) motor controllers.

2. Individual and grouped (motor control center) combination motor controllers with thermal manetic circuit
breskers.

B. Motor controllers for three-phase, 60 Hz. squirrel cage induction motors shall be automatic, magnetic type.

C. Controllers shall include an encapsulated magnet coil, auxiliary contacts, line and load terminal connectors
and a solid-state overload relay and sized for the actual nameplate current and service factor of the motor sup-
plied.

D. Themagnet coil assembly shall be capable of operating satisfactorily with voltages within 85% to 110% of the
voltagerating.

E. The contacts shall be non-corroding, non-welding silver alloy contacts.

F. Motor controllers shall be provided with two normally open and one normally closed auxiliary contacts (in
addition to holding circuit contacts) unless otherwise indicated.

G Push buttons, selector switches, pilot lights, and remote push button stations shall be provided as scheduled on
drawings or asindicated by the applicable control diagrams. If not indicated on drawings, provide at a mini-
mum a hand-off-auto selector switch and a push-to-test red pilot light for each motor controller. Unless other-
wise indicated, pushbutton stations and other control devices shall be the oil-tight heavy duty type. Pilot lights
shall be long life type rated 7500 hours minimum. Provide Owner with two spare pilot lights of each sizeand
type used.
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H. Motor controllers shall be provided with integral control transformer with primary and secondary fusing.

I.  Motor controllers shall be provided with a solid-state overload relay. The overload relay shall be modular in
design and part of afamily of relaysto provide a choice of levels of protection. The overload relay shall be
listed under UL508. The overload relay shall have the following features:

1. Besdf-powered.
2. Class10 or 20 fixed tripping characterigtics.

3. Manual or automatic reset.

4. Phaseloss protection. The relay shall trip in 2 seconds or less under phase loss condition when applied to
afully loaded motor.

5. Visibletrip indication.

6. OneNO and one NC isolated auxiliary contact.

7. Test button that operates the normally closed contact.

8. Test trip function that trips both the NO and NC contacts.

9. A current adjustment range of 3.2:1 or greater.

10. Ambient temperature compensated.

11. Ground fault protection. Relay shall trip at 50% of full load ampere setting.

12. JanvStall protection. Relay shall trip at 400% of full load ampere setting, after inrush.

J. Unit enclosures shall have padlocking provisions for one to three padlocks to lock the disconnect in the “ON”
or “OFF" position with the door open or closed.

K. Unit enclosures shall have mechanical interlocks to prevent opening of the door unless the disconnect device
isinthe “OFF" position. Thisinterlock shall be defeatable.
2.3 ENCLOSURES
A. Three-phase motor controllers and combination units shall be enclosed in NEMA 1 Type enclosures (indoor)
or NEMA 3R type enclosures (outdoor) unless otherwise noted on drawings.
2.4 MANUFACTURERS
A. Three-phase motor controllers shall be as manufactured by Allen-Bradley, Cutler Hammer, General Electric,
Seimens AlligI TE, Westinghouse, Square D, or equivalent as accepted by the A-E.

PART 3- EXECUTION

3.1 INSTALLATION
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A. Equipment shall be perfectly plumb and level.

B. Openingsin backboxes shall be cut or sawed with tools made for that purpose. Burning of openingsis abso-
Iutely unacceptable.

C. Unused openings shall be closed.

D. Only one solid wireis allowable under a screw. Provide approved lugs for connecting stranded wire of more
than one solid conductor.

E. A sarter wiring diagram shall be glued on the inside of each starter door.
F. A set of overload heater selection tables with ingtructions shall be glued on the inside of each starter door.

G. Circuit breakers, switches, and fuses, as well as unit nameplates shall comply with section 16400.

END OF SECTION 16170
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SECTION 16190 — MISCELLANEOUS MATERIALS

PART 1 - GENERAL

1.1 SCOPE
A. Contractor shall furnish and install miscellaneous materials as indicated on the drawings and as herein spe-
cified.
1.2 SUBMITTALS

A. Submit for approval manufacturer's data sheets on each device specified by this section.

PART 2 - PRODUCTS

2.1 CONTROL RELAYS

A. Therelay coil shall operate satisfactorily with coil voltages within 85% to 110% of its voltage rating. Unless
otherwise noted, contact rating shall be 10 amps, continuous for the applied voltage level.

B. Control relays shall be Cutler Hammer D7PR Series, or approved equal.

C. Timedelay relays shall be Cutler Hammer TR Series, or approved equal with on-delay or off-delay asre-
quired, and repetitive accuracy of plusor minus 0.2%.

D. Relaysshall beingtalled in a suitable enclosure to fit the environment of their location.

2.2 CONTACTORS
A. Contactors shall be"electricaly held" or "mechanically held" type, asindicated on drawings.
B. Electrically held contactors shall include auxiliary contacts asindicated and line and load terminal connectors.
C. Mechanically held contactors shall be industria type, single or dual solenoid operator, with mechanism capa-
ble of withstanding reduction or loss of control voltage without change of position. Contactor shall incorpo-
rate control power cut-out contacts so that the magnetic solenoid operator is only momentarily energized dur-

ing the instant the switch changes position.

D. Contactor core and coil assembly, or operators, shall operate satisfactorily with coil voltage within 85% or
110% of its voltage rating.

E. All contacts shall be of non-welding, non-corroding silver alloy.
F. Rating of contactors shall be asindicated on drawings. Auxiliary relays shall be provided as applicable. Con-
tactors shall be contained in a suitable enclosure for the environment of their location. Contactors shall be

suitable for a continuous load not less than 100% of their electrical rating.

G. Contactorsshall be Square D TypeL or LX Series, or approved equal.
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2.3 IND

A.

IVIDUAL PUSHBUTTONS, SELECTOR SWITCHES AND INDICATING LIGHTS

Pushbuttons shall be heavy-duty, ail-tight, momentary or maintained contact, as applicable, devices rated 600
volts with the number of buttons and the marking of nameplates in accordance with NEMA Publication No.
ICS.

Pushbuttons shall be designed with the indicated number of normally open circuit closing contacts, normally
closed circuit opening contacts, or combination thereof. Pushbuttons shall have positive make and break non-
welding, non-corroding silver aloy contacts.

Selector switches for control circuits shall be heavy-duty, oil-tight maintained contact devices with the num-
ber of positions and the marking of nameplates asindicated on drawings or otherwise specified.

Indicating lights for control circuits shall be oil-tight, instrument type devices with threaded base and collar
for flush mounting and trand ucent convex lens. Indicating lights shall be long life type, rated 7500 hours,
minimum. Provide Owner with two spare indicating lights of each size and type used.

Pushbuttons, selector switches and indicating lights shall be contained in an enclosure suitable for the envi-
ronment of their location, and shall be Square D Class 9001, Type T Series, or equivalent as accepted by the
A-E, and shall be Square D Class 9001, Type T Series, or approved equal.

2.4 CONTROL CIRCUIT TRANSFORMERS

A.

25 TIM

A.

08/01/09

Control circuit transformers shall be provided within the enclosure of magnetic contactors when indicated on
drawings or specified otherwise and the line voltage isin excess of 120 volts. The transformer shal be dry
type single phase, 60 hertz aternating current with a 120 volt isolated secondary winding in accordance with
NEMA Publication No. STL "Speciaty Transformers'.

The rated primary voltage of the transformer shall be not less than the rated voltage of the controller. The
rated secondary current of the transformer shall be not less than continuous duty current of the control circuit.

The voltage regulation of the transformer shall be such that with rated primary voltage and frequency the sec-
ondary voltage will not be less than 95% or more than 105% of rated secondary voltage.

The source of supply for control circuit transformers shall be taken from the load side of the main disconnect-
ing device. The primary and secondary windings of the transformer and control circuit wiring shall be pro-

tected against overloads and short circuits with properly selected fuses. The secondary winding of the control
circuit transformer shall be grounded.

E SWITCHES

Time switches for the control of tungsten-lamps loads, fluorescent -lamp loads, resistive heating loads, mo-
tors and magnetically operated devices shall consist of adigital programmable timer and switch assembly
in a suitable enclosure, as indicated and herein specified.

Timer shall operate from either 120, 208, 240 or 277.

Battery reserve power shall be provided which will automatically operate the timer in case of electric pow-
er failure for a period of not less than 30 days.

The switch mechanism shall include a heavy-duty, general purpose, precision snap-action switch. Provision
shall be made for manual "OFF" and "ON" operation of the switch.
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E.

Time switches shall be manufactured by Tork, Sangamo, General Electric, or approved equal.

2.6 PHOTOCELL CONTROL DEVICES

A.

D.

Photocell control devicesfor control of outdoor fixtures and natural daylight utilization for indoor spaces shall
be fixture mounted or individually mounted as indicated on drawings, or otherwise specified.

Fixture mounted photocell control devices shall include a snap-action switch with arating of not lessthan
1000 watts incandescent load and 1200 volt-amp reactive or HID load at rated voltage and frequency. Device
also shall have an inherent time delay in excess of 5 seconds, built-in surge protection, and the appropriate
lock type receptacle base. The device shall be enclosed in a weatherproof enclosure. Device rating shall be
120 or 277 volts, as applicable, 60 hertz. The device shall be factory preset to turn "ON" lights at approx-
imately 3 footcandleswith aratio of "ON" to "OFF" of about 1 to 2.

Individually mounted photocontrol devices shall have the same characteristics as fixture mounted devices, ex-
cept that they shall be field adjustable for "ON" "OFF" operation from 2 to 50 footcandles, have a capacity of
up to 2000 watts of incandescent load, be outlet box mounted, and not require surge protection.

Photocontrol devices shall be as manufactured by Tork, Sangamo, General Electric, or approved equal.

2.7 WALL BOX DIMMERS

A.

Wall box dimmers shall be flush mounted, with built-in push-push switch and rotary dimming control, or dlid-
ing knob, as applicable. Dimmers shall be continuously rated for AC (60 hz) loads of wattage as shown on
drawing, except that no single dimmer rating shall be less than 1000 watts. Dimmers required at the same lo-
cation shall be ganged. The Contractor shall provide dimmers that once ganged shall be capable of handling
therating in wattsindicated on drawings.

Incandescent dimmers shall be suitable for dimming 120 volt incandescent and resistive loads and shall be
single pole or 3-way type asindicated on drawing. Dimmers shall be Lutron N series or equivalent.

Fluorescent dimmers shall be suitable for dimming 120 volt or 277 volt magnetic or electronic ballasted fluo-
rescent lighting loads as indicated on the drawings. Provide single pole or 3-way type asindicated. When a
fluorescent dimmer isrequired, suitable dimming ballasts, compatible with dimmer unit, shall be provided
even if not specifically caled for in the fixture schedule. Dimmers shall be Lutron NF series or equivalent.
Dimmers shall be installed in accordance with manufacturer’ s recommendations.

Dimmers shall be UL listed.

2.8 OCCUPANCY SENSORS

A.

08/01/09

Occupancy sensors shall be provided where indicated on the drawings. Sensors shall be the dua technology
type suitable for sensing both passive infrared and ultrasonic waves type, complete with a self-contained pow-
er/switch unit to avoid the need for low-voltage wiring to aremote sensor. Each sensor shall have atime delay
circuit adjustable from 6 - 15 minutes with a shortened 30 second time delay feature for set-up purposes and a
manual time delay bypass feature. In addition, each sensor shall have a LED walk test indicator for set-up
pUrposes.

The power/switch pack shall consist of a control transformer and rectifier circuit and arelay with contacts
rated 277 VAC, 20 Amp, 4800 Watts.
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The sensor shdll be sensitive to 9 - 10 micron/meter wave length infrared heatwaves.

Upon detection of the heatwaves or motion, the relay contacts shall instantly close to activate the room light-
ing. The contacts shall remain closed until no motion or presence of wavesis sensed for the full length of time
set by the adjustable time delay circuit.

The sensor shall be ceiling mounted and located as recommended by the manufacturer. The sensor shall be
provided complete with all necessary hardware, brackets, special boxes and covers.

Unless otherwise indicated, all fluorescent lighting within the room where the occupancy sensor is located
shall be controlled by the occupancy sensor.

2.9 PROGRAMMABALE LIGHT SWITCHES

08/01/09

Thedigital time switch shal be programmable to turn lights off after a preset time.

Time switch shall be acompletely self-contained control system. It shall have a ground wire and ground strap
for safety. Switching mechanism shall be alatching air gap relay.

Time switch shall be compatible with all electronic ballasts, motor loads, compact fluorescent and inductive
loads.

Time switch shall operate at universal voltages of 100-300 VAC; 50/60 Hz.

Time switch shall have no minimum load requirement and shall be capable of controlling 0 to 800 watt incan-
descent, fluorescent @ 100/120 VAC, 50/60 Hz; 0 to 1200 watts fluorescent @ 230/277 VAC, 50/60 Hz; 1/6
hp @ 125 VAC.

Time scroll feature shall allow manual overriding of the preset time-out period.

Time switch shall have the option for a one second light flash warning at five minutes before the timer runs
out and twice when the countdown reaches one minute (when used to control lighting loads).

Time switch shall have the option for abeep warning that shall sound every five seconds once the time switch
countdown reaches one minute.

Time switch shall have manual feature for timer reset where pressing the ON/OFF switch for more than 2
seconds resets the timer to the programmed time-out period.

Time switch shall have an el ectroluminescent backlit Liquid Crystal Display that shows the timer’s count-
down.

Time-out period shall be adjustable increments of 5 minutes from 5 minutesto 1 hour, and in increments of 15
minutes from 1 hour to 12 hours.

Time switch shall be capable of operating as an ON/OFF switch.

. Thetime switch shall have a 100% OFF override switch with no leakage current to the load.

In the event thereis an open circuit in the AC line such as a ballast or lamp failure, the time switch shall auto-
matically switch to OFF mode.

Time switch shdl have 5 year warranty and shall be UL and CUL listed.
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2.10 SPECIAL ENCLOSURES
A. Specia enclosures designed in accordance with UL and NEMA Standards shall be provided as required to
protect devices and equipment from wet, dusty, corrosive, hazardous or flammable atmospheres. Enclosures
shall be NEMA Type 3R, 3S, 4X, 7, 9, 12, or 13 in accordance with the environment present in the specific
location.
B. Enclosures shall be made of metal unless otherwise specifically noted.

C. NEMA Type 4X enclosure shall be made of corrosion-resistant, chromium nickel stainless steel conforming
with UL Standard No. 50 "Cabinet and Boxes'.

D. NEMA Type 7 and 9 enclosures shall be made of cast iron, bolted-type UL listed for the use intended. Cast
meta enclosures shall be not less than 1/8" thick at every point, except that it shall be not less than 1/4" thick
at tapped holes for conduits.

PART 3 - EXECUTION

3.1 INSTALLATION

A. Devices specified by this section shall be installed such that only one wire is terminated on any given screw.

END OF SECTION 16190
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SECTION 16400 — SECONDARY DISTRIBUTION EQUIPMENT

PART 1 - GENERAL

1.1 SCOPE

A. Provide equipment for overcurrent protection, switching, disconnecting, transformation, and control of ser-
vices, separately derived systems, feeders, and branch circuits as indicated on the drawings and as herein
specified.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Distribution equipment, other than fuses, shall be manufactured by Square D, General Electric, Siemens, or
Cutler-Hammer. Equipment design features and components indicated on the drawings are those of Cutler-
Hammer, and the standard construction features of that manufacturer shall be considered as minimum re-
quirements, with additional requirements as specified herein and on the drawings.

B. Fusesshall be manufactured by Bussmann, Gould Shawmut, or Littelfuse.

2.2 OVERCURRENT PROTECTION DEVICES

A. Unlessotherwiseindicated, circuit breakers shall be provided asthe overcurrent protection devices for servic-
es, separately derived systems, feeders, and branch circuits. Fuses may be used only where indicated on the
drawings, or required by the nameplate for equipment connected, or specified herein.

B. Molded-case and insulated-case circuit breakers shall be the static or thermal-magnetic type, quick-make and
quick-break for manual and automatic operation. Multipole breakers shall be common trip. Circuit breakers
shall be bolted in place where possible. Thermal-magnetic breakers shall be calibrated at 40°C. or ambient
compensated. Ampere ratings, frame sizes, and short circuit ratings shall be as indicated on the drawings. Se-
ries ratings may be applied only where specifically indicated on the drawings. Individual enclosures shall be
NEMA 1 indoors, 3R outdoors, unless otherwise indicated. Other circuit breakers shall be suitable for installa-
tionin Switchboards, Panelboards and Motor Control Centers as hereinafter specified.

C. Single-pole 15 and 20 amp circuit breskers shall be SWD rated.
D. Fusesshal bethe non-renewable, time delay, cartridge type, UL Class RK5 unless otherwise indicated; for in-
stallation in Safety Switches, as hereinafter specified.
2.3 SWITCHING EQUIPMENT

A. Fusble switches shal beincorporated into Safety Switches, as hereinafter specified. Manua operation shall
be quick-make and quick-break. Fuse holders shall be the Class R regjection type unless otherwise indicated.

B. Safety Switches shall bethe NEMA heavy duty type, horsepower rated, with interlocked covers, non-fusible
except where fused switches are indicated or fuses are required. Switch mechanisms shall be quick-make and
quick-break. Enclosures shall be NEMA 1 indoors, NEMA 3R outdoors unless otherwise indicated. Fuse
holders, where required, shall be as specified above for fusible switches.
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C.

Switches for disconnecting small single-phase motors and appliances shall comply with SECTION 16150
WIRING DEVICES.

2.4 APPLICATION

A.

D.

Distribution Equipment shall be sized for installation with required clearances at the locations shown on the
drawings. Alternative arrangements may be submitted to the Architect/Engineer by the Contractor for approv-
al, inthe form of shop drawings, drawn to scale and showing actual dimensions of proposed equipment and
required clearances.

Unless otherwise indicated, Distribution Equipment shall be connected with wire and cable as specified in
SECTION 16120 CONDUCTORS. In general, these specified conductors are rated for a maximum operating
temperature of 75°C., and are sized for that temperature rating in an ambient of 30°C. Distribution equipment,
including terminal lugs, temperature sensitive devices, and enclosures shall be designed, sized, and labeled for
field connection with conductors as specified.

Power conductors shall be properly tightened and/or torqued as recommended by the equipment manufacturer
supplying the lugs/terminal s used for terminating the conductors.

Lugs/terminals shall comply with UL standards UL486A and UL486B.

2.5 |IDENTIFICATION

A.

Equipment nameplates; and nameplates for individually mounted switches, circuit breskers, and motor starters
in Switchboards and Motor Control Centers; shall comply with SECTION 16100 BASIC MATERIALS AND
METHODS.

Group mounted circuit breakersin Panelboards shall be provided with nameplates as described above; or they
shall be identified with numerals and cardboard directoriesin metal, or heavy polycarbonate, directory frames.
Directoriesin metal frames shall be protected with rigid plastic covers. Directories shall be sized to permit all
circuit designations to be read without removing the card from the frame.

Manufacturer's nameplates or labels on custom fabricated or factory assembled custom equipment shall con-
tain sufficient identification to expedite the future procurement of parts, additions, and shop drawings.

Service Equipment shall be UL labeled as " Suitable for use as Service Equipment.” Service disconnects shall
be clearly identified.

PART 3 - EXECUTION

3.1 INSTALLATION

A.

Distribution Equipment shall beinstalled in strict accordance with the manufacturer'sinstructions for han-
dling, support, connections, assembly, protection, energization, adjustment, and similar procedures.

Fastening methods shall comply with SECTION 16100 BASIC MATERIALS AND METHODS.

Floor mounted equipment such as Dry-Type Transformers shall be provided with 4" high concrete pads and
shall be secured to the concrete pad. Pads shall have a 3/4 inch chamber on each accessible side.
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D. Equipment interiors shall be thoroughly cleaned of dust, dirt, trash, and other foreign material prior to energi-
zation of the equipment.

E. Exterior Safety Switchesthat are readily accessible to unauthorized persons shall have their covers padlocked
closed by the Contractor. Keys shall be identified and delivered to the Owner.

F.  Upon completion or the project, furnish to the Owner one complete set of replacement fuses, consisting of
three fuses of each type and rating used.

G. Directory cards for Panelboards shall be negatly filled-in with atypewriter to indicate the type and location of
the load on each circuit or feeder.

END OF SECTION 16400
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SECTION 16401 — TRANSIENT VOLTAGE SURGE SUPPRESSION (TVSS) SYSTEM

PART 1- GENERAL

1.1 SCOPE

A.

These specifications describe the electrical and mechanical requirements for a high energy transient voltage
surge suppression system (TVSS). The specified system shall provide effective high energy surge current
diversion, sine wave tracking as required for electrical line noise filtering and be suitable for applicationin
ANSI/IEEE C62.41 Category A, B, and C environments, as tested by ANSI/IEEE C62.11, C62.45 and
MIL-STD-220A. The system shall be connected in parallel with the protected system; no series connected
elements shall be used which limit load current or kV A capability. The system shall utilize dedicated enclo-
sures that are separate from the switchboard and panelboard equipment being protected.

1.2 STANDARDS

A.

The specified system shall be designed, manufactured, tested and installed in compliance with:

Canadian Standards Association (CSA)

American National Standards | nstitute and I ngtitute of Electrical and Electronic Engineers (ANSI/IEEE
C62.11, C62.41, and C62.45)

Federal Information Processing Standards Publication 94 (FIP PUB 94)

National Electrical Manufacturer Association (NEMA)

National Fire Protection Association (NFPA 20, 70, 75 and 780)

Underwriters Laboratories (UL 1449, UL 1283) MIL-STD-220A

Theindividual TVSS units shall be UL listed under UL 1449 (Rev 7/2/87) Standard for Transient Voltage
Surge Suppressions (TVSS) and the surge ratings shall be permanently affixed to the TVSS.

1.3 MANUFACTURERS

A.

TV SS equipment shall be manufactured by Liebert, LEA INternational or Current Technology.

1.4 SYSTEM DESCRIPTION

A.

Storage temperature range shal be-55to +85 C (-67 to +187 F)

Operating Temperature range shall be -40 to +50 C (-40 to +122 F)

Operation shall bereliable in an environment with 0% to 95% non-condensing relative humidity.
The TV SS shall generate an audible noise level of not more than 45 dba at 5 feet.

The unit shall not generate any appreciable magnetic fields and shall be suitable for use directly inside com-
puter rooms.

The system shall be capable of operating up to an altitude of 12,000 feet above sealevel.

The TV SS maximum continuous operating voltage shall be greater than 115% of the nomina system operat-
ing voltage to ensure the ability of the system to withstand temporary RM S overvoltage (swell) conditions.
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H.

The operating frequency range of the system shall be at least 47 to 63 Hertz.
Protection Modes
1. All Modes. L-N, L-L, L-G, (N-G where applicable)

Note: L =Line, N = Neutral, G = Ground

1.5 DOCUMENTATION

A.

The manufacturer shall furnish an ingtallation manual with installation, start up, trouble shooting guide and
operating instructions for the specified system.

Electrical and mechanical drawings shall be provided by the manufacturer which show unit dimensions,
weights, component and connection locations, mounting provisions, connection details and wiring diagram.

Documentation of specified system's UL 1449 Listing and clamping voltage ratings of all protection modes
shall beincluded as required product data submittal information.

Independent fuse coordination tests from a nationally recognized independent testing laboratory.

The manufacturer shall provide afull five year warranty from date of shipment against any part failure when
installed in compliance with manufacturer's written instructions, UL listing requirements, and any applicable
national or local electrical codes. Manufacturer shall make available local field engineering service support.
Where direct factory employed service engineers are not locally available, travel time from the factory or
nearest dispatch center shall be stated.

The specified system shall be thoroughly factory tested before shipment. Testing of each system shall include
but shall not be limited to quality control checks, dielectric voltage withstand tests at twice rated voltage plus
1000 volts per UL requirements, and operationa and calibration tests.

PART 2 - PRODUCTS

A.
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2.1 SERVICE EQUIPMENT TVSS

The system shall be a symmetrically balanced, metal oxide varistor (MOV) array system, constructed using
surge current diversion modules, each rated for at least 25 kAmps of surge current capacity based on the stan-
dard 8 x 20 microsecond waveform. Each module shall be capable of withstanding over 1000 pulses of the 10
kAmps |EEE C62.41 Category C surge current without degradation of clamping voltage. The module shall
consist of multiple gap-less metal oxide varistors. The modules shall be monitored and a green LED shall be
illuminated if the moduleisin full working order. When module performance is degraded, such asif one or
more varistors have failed, the LED shall indicate afailed module.

Terminals shall be provided for al of the necessary power and ground connections. The terminals shall ac-
commodate wire sizes of #14 to #2/0 AWG.

The nomina system operating voltage shall be 277/480 three phase WY E, 4 wire plus ground.

The TV SS repetitive surge current capacity rating of the unit, based on an 8 x 20 microsecond waveform,
shall be aminimum of 200 kAmps per Phase (L-N+L-G).

TRANSIENT VOLTAGE SURGE SUPPRESSION (TVSS) SYSTEM 16401 - 2



GUILFORD COUNTY NEW DETENTION CENTER, GREENSBORO, NORTH CAROLINA
PROJECT NO. 461020, DHSR-J201-MA/TS

E.

The minimum surge current capacity of the unit based on a standard 8 X 20 microsecond waveform with fus-
ingin line shall be 12 kAmps per phase.

The system performance ratings shall be based on the Ul 1449 listing ratings for IEEE C62.41 Category C3
impulse waveforms of 20,000 V 1.2 x 50 microseconds, 10,000 A 8 x 20 microseconds equipment. The max-
imum UL 1449 clamping voltage ratings for each and/or all of the specified protection modes shall not exceed
400 Volts for 120/208 volt systems.

Tests demonstrating clamping voltage following procedures established in ANSI/IEEE C62.45 (1987) and
C62.41 Category C3 shall be applicable for service entrance TV SS. The clamping voltage shal be 1500 volts.

The TV SS system shall provide ajoule rating that meets or exceeds the requirements of ANSI/IEEE C62.41
Category C3 ddlivery capability.

The system shall provide noise attenuation for electrical line noise of nominally 40 dB @ 100 KH, utilizing
capacitive filter circuit.

Fusing of the unit for protection againgt internal system fault conditions utilizing individual module fuses de-
signed for this purpose. A 60A, 3 polecircuit shall be provided in the distribution equipment where the TVSS
is utilized for circuit protection and as as means of disconnecting the TV SS from the line. These protection
and disconnecting means shall be suitably monitored to allow a LED indication to show if the unit is not
available for proper operation.

Assembly shall be tested per Table 12.1 of UL 1449 under available fault current of 25 KAIC.

2.2 TVSSAT BRANCH PANEL

A.
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The TV SS shall be constructed using multiple surge current diversion arrays of metal oxide varistors (MOV),
matched to 1% variance, each array rated for at least 40K A and 10 surges at 25kA of surge current capacity
based on the standard 8 x 20 microsecond waveform. Each array shall be capable of withstanding over 1,250
pulses of the 10kA |EEE 62.41 Category C surge current without failure when tested per C62.11, C62.45, us-
ing suggested wait times. The array shall consist of multiple gap-less metal oxide varistors. The arrays shall
be designed and constructed in a manner which ensures MOV surge current sharing. The status of each array
shall be continuously monitored and agreen LED shall beilluminated if the array isin full working order. All
protection modes, including N-G, shall be monitored.

The nomina system operating voltage shall be 120/208 three phase WY E, 4 wire plus ground.

The TV SS repetitive surge current capacity rating of the unit, based on an 8 X 20 microsecond waveform,
shall be a minimum of 120 kAmps per phase (L-N+L-G).

The system performance ratings shall be based on the UL 1449 listing ratings for IEEE C62.41 Category B3
impulse waveforms of 6kV 1.2 x 50 microseconds, 3kA 8 x 20 microsecond waveshapes. The maximum UL
1449 listed surge rating for each and/or al of the specified protection modes shall not exceed:

400 Volts for 120/208 volt systems.

The TV SS system shall provide ajoule rating that meets or exceeds the requirements of ANSI/IEEE C62.41
Category C delivery capability.

Typical response time of al suppression components shall be .5 nanoseconds.

All parallel connectionsto the TV SS shall be kept as short as possible. The connection to the TV SS shall be
made using No. 6 AWG minimum.

TRANSIENT VOLTAGE SURGE SUPPRESSION (TVSS) SYSTEM 16401 -3
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PART 3-INSTALLATION

3.1 MISCELLANEOUS REQUIREMENTS
A. Theingaling contractor shall connect the TVSSin parallel to the power source, keeping conductors as short
and straight as practically possible. The contractor shall twist the TV SS input conductors together to reduce
input conductor impedance.

B. Wheninstaled to an electrical distribution panelboard the unit shall be close nippled to the panel and be sup-
plied by a 60 amp circuit breaker.

C. Thecontractor shall follow the TV SS manufacturer's recommended instal lation practices and comply with all
applicable codes.

END OF SECTION 16401
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SECTIO

N 16410 - SWITCHBOARDS

PART 1- GENERAL

1.1 SCOPE

A.

B.

Furnish and install Power Distribution Switchboards as indicated on the drawings and as herein specified.

Switchboards and their ingallation shall comply with applicable requirements of SECTION 16400 —
SECONDARY DISTRIBUTION EQUIPMENT.

1.2 SUBMITTALS

A.

Submit for approval switchboard shop drawings which include as a minimum the following information:
1. Materiaslist of components.
2. Nameplate data.

3. Front or rear view, and sectional view of switchboard showing switchboard construction including size,
current rating and location of all bussing and cable furnished as a part of the switchboard.

4, Schematic wiring diagrams of any applicable control or metering circuits required for main or transfer
devices.

5. Catalog information for al breakersincluding time-current trip curves (log-log).

PART 2 - PRODUCTS

2.1 CONSTRUCTION FEATURES

A.

B.

08/01/09

Switchboard types, ratings, and contents shall be as shown on the drawings.

Switchboard construction shall comply with NEMA Standard PB2 and UL 891.

Switchboard enclosure shall be NEMA standard, type as indicated on drawings. Enclosure shall be finished
with a medium light gray, standard with manufacturer both exterior and interior surfaces. All sheet metal parts
shall be rustproofed after fabrication, prior to painting.

Framework shall consist of code gauge steel rigidly welded and/or bolted together to support al cover plates,
buswork, and component devices. Steel used for framework shall be zinc coated or otherwise treated to resist

corrosion.

Each section shall have an open bottom and an individual removable top plate for installation and termination
of conduits.

Switchboard current ratings shall be asindicated in switchboard schedule on drawings.

Buswork shall be of silver plated copper sized to match the feeder ampacity and braced for 65,000 amperes
short-circuit current unless otherwise indicated. Buswork shall be designed for connection to adjacent equip-

SWITCHBOARDS 16410-1



GUILFORD COUNTY NEW DETENTION CENTER, GREENSBORO, NORTH CAROLINA
PROJECT NO. 461020, DHSR-J201-MA/TS

ment and/or for future extension where so indicated on the drawings. A copper ground bus shall be fastened to
the structure and shall extend for the full length of the switchboard.

Provide apainted “mimic” bus on front of switchboard enclosure to depict actual bus arrangement inside.

All busses, switching devices and connections shall be of sufficient size to limit the temperature rise to UL
standards and &l bus surfaces shall be corrosion resisting conductive plated surfaces. All bus connections shall
be bolted. All busses shall be braced for short circuit stresses of not less than the fault values scheduled on
drawings.

Separate neutral and equipment ground busses sized at 50% and 12-1/2% of phase busses respectively, unless
otherwise noted, shall be provided for the full length of the switchboard. Connections other than on load side
of overcurrent devices shall be by means of rigid bus and not cable.

Where schedules indicate spaces for addition of future circuit breakers, furnish all necessary buswork, straps,
brackets, hardware and removable blank covers.

2.2 FRONT ACCESS SWITCHBOARDS

A.

NEMA front accessible switchboards shall be totally enclosed, dead-front, distribution type with one or more
vertical sections designed to be floor mounted, self-standing, in which overcurrent protective devices for feed-
er circuits are group mounted in an integrated assembly accessible from the front only.

The top and front covers, and side covers where indicated on the drawings, shall be removable with covers
bolted to the frame. The front and side covers shall permit access from the front and/or side to the main bus,
all bus tap connections and the line and load terminal connections of overcurrent protective devices in each
vertical section, without being exposed to unreasonable dectric shock hazard. This access shall also be pro-
vided so that future devices may be installed in spaces where provisions are noted on the drawings.

Overcurrent protective devices shall be molded case circuit breakers, bolt-on (UL489).

All overcurrent devices shall be removable from the front of the switchboard without removing the front panel
assembly and without interfering with adjacent devices.

Switchboards shown back-to-wall shall be designed for full front access, front and rear line-up, of 25" maxi-
mum depth. Front accessible switchboards shall have neutral bus located such that it will not be necessary to
reach across or beyond a phase bus to make a connection.

Feeder circuit breakers shall be group mounted in panelboard type construction with hinged covers providing
accessto vertical gutters.

2.3 CIRCUIT BREAKERS

A.

08/01/09

Unless otherwise indicated, circuit breakers shall be the thermal-magnetic type, sized as indicated on the
drawing.

Where specifically indicated on the drawings, circuit breakers shall be the electronic trip type utilizing solid-
state circuiting to initiate the tripping action. Current sensing shall utilize digital sampling techniques and be
true RMS with an error of less than 1% with load distortion of up to the 13th harmonic. Adjustments on elec-
tronic trip circuit breakers shall include along time current setting, short-time pickup, and ground-fault delay.
Other features shall include a rating plug, instantaneous trip and a ground fault trip indicator. Circuit breakers
rated at 1000 amperes or larger shall aso provide for adjustable long time delay, short time delay instantane-
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ous pickup and ground-fault pickup.

C. Provide system monitoring and diagnostics on circuit breaker where indicated on the drawings.

2.4 SERVICE EQUIPMENT

A. Switchboards used as service equipment shall be UL listed and labeled "Suitable for use as Service Equip-

ment".

2.5 TRANSIENT VOLTAGE SURGE SUPPRESSION (TVSS)

A. Provide transient voltage surge suppression as shown on the drawings and in specification Section 16401,
Transient Voltage Surge Suppression (TVSS) System.

2.6 MICROPROCESSOR-BASED METERING EQUIPMENT

A. Provide adigital line Meter Monitor and Protection device equa to Cutler-Hammer type 1Q DP-4000 Series
having the features and functions specified below. The meter shall consists of a single microprocessor-based
unit capable of monitoring and displaying the functions listed below with the accuracy indicated; the meter
shall auto range between units, kilounits and megaunits. The meter shall provide the adjustable protection
functions indicated and the capability to communicate data via twisted pair network. The meter shall be UL
listed, CUL and CE certified and also meet ANSI standard C37.90.1 for surge withstand.

Metered Values Alarm Functions
Accuracy % Full Scale)

AC Phase Amperes +/- (0.3%) Voltage Phase Loss
AC Phase Voltage +/- (0.3%) (lessthan 50% rms)
Wetts +/- (0.6%) Current Phase Loss
VA +/- (0.6%) (1/16 Largest phase)
Vars +/- (0.6%) Phase Voltage Unbalance
Power Factor 1.0% (+/- 1 digit) (5 to 40% - 5% steps)
Freguency +/- (0.1 Hz) Phase Voltage Reversa
Watthours +/- (0.6%) Overvoltage
Varhours +/- (0.6) (205 to 140% - 5% steps)
VA hours +/- (0.6%) Undervoltage (95 to 60% - 5% steps)
Watt Demand with Time Delay for Overvoltage,
10-, 15-, 20-, 25-, 30, Undervoltage, and Phase
45-, 60-minute interval) Unbalance (0 to 20 seconds —
% THD (through 31% harmonic) 1-sec. steps)

Voltage — minimum/maximum
Current — minimum/maximum
Power — minimum/maximum

Power Factor — minimum/maximum
Freguency — minimum/maximum
Peak % THD

Peak Demand

B. Input ranges of the meter shall accommodate external current transformers with ranges from 5/5 through
12,800/5 amperes. Provide external current transformers with rating as indicated on the drawing or sized for
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C.

incoming service. Potential transformers shall be self included and fused up to 600 volts.

Control power shall be capable of being supplied form the monitored incoming AC line without the need for a
separate AC supply control circuit or separate remote power source (96 to 264 AC or 100 to 350V DC).

Make provisions for an addressable communication card capable of transmitting al data, including trip data
over a compatible two-wire local area network to a central personal computer for storage and/or printout. The
network shall also be capable of transmitting datain RS-232c format via a translator module.

2.7 PROGRAMMABLE TRIPUNITS

A.

Each circuit breaker microprocessor-based tripping system shall consist of three (3) current sensors, a trip
unit and a flux-transfer shunt trip. The trip unit shall use microprocessor-based technology to provide the
adjustable time-current protection functions. True rms sensing circuit protection shall be achieved by ana-
lyzing the secondary current signals received from the circuit breaker current sensors and initiating trip sig-
nals to the circuit breaker trip actuators when predetermined trip levels and time-delay settings are reached.
The trip unit shall be Cutler-Hammer type OPTIM or approved equal .

Interchangeable rating plugs shall establish the continuous trip ratings of each circuit breaker. Rating plugs
shall be fixed-type as indicated. Rating plugs shall be interlocked so they are not interchangeable between
frames, and interlocked such that a breaker cannot be closed and latched with the rating plug removed.

System coordination shall be provided by the following microprocessor-based programmable time/current
curve shaping adjustments:

1. Programmable long-time pickup settings in 1% increments, with +/- 5% band tolerance
2. Programmable long-time delay with selectable It or 1*t curve shaping

3. Programmable short-time settings (dependent on long-time setting) in 1% increments, with +/- 5%
band tolerance

4. Programmable short-time delay with selectable flat or 1%t curve shaping

5. Programmable instantaneous pickup settingsin 1% increments

6. Programmable ground fault pickup settings trip or alarm in 1% increments

7. Programmable ground fault delay with selectable flat or 1°t curve shaping

The microprocessor-based trip unit shall have a powered/unpowered selectable thermal memory to provide
protection against cumulative overheating should a number of overload conditions occur in quick succes
sion.

When the instantaneous setting has been deselected, a selectable discriminator circuit shall be provided to
prevent the breaker being closed and latched on to a faulted circuit.

Internal ground fault protection or alarm settings if specified shall not exceed 1200 amperes. Provide neu-
tral ground fault sensor for four-wire loads.

The trip unit shall have an information system that utilizes battery backed-up LEDs to indicate mode of trip
following an automatic trip operation. The indication of the mode of trip shall be retained after an automat-
ic trip. The LEDs shall be complemented by trip event information stored in non-volatile memory after a
trip event. A trip reset button shall be provided to turn off the LED indication and reset the memory after an
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H.

automatic trip. A test pushbutton shall energize an LED to indicate battery status.

A red LED shall be provided on the face of the trip unit and pre-set to flash on and off when an adjustable
high-load level is exceeded. A time-delay shall be provided to avoid nuisance alarms. The microprocessor-
based trip units shall be capable of monitoring the following data:

1. Instantaneous value of phase, neutral and ground current

2. Minimum and maximum current values

3. Average demand current

4. System diagnostic information such as alarms and cause of trip

5. Approximate level of fault current that initiated an automatic trip operation

The trip unit shall contain test capability. Testing shall be carried out by using a hand-held programmer, a
breaker interface module or a remote computer to select the values of test current within a range of availa-
ble settings. The basic protection functions shall not be affected during test operations. The breaker may be

tested in either the “Trip” or “No Trip” test mode. J[Provide an auxiliary power module to allow the break-
er trip unit to be tested with a 120-volt external power source].

A hand-held programming unit shall be provided to set/change the network communication breaker address
for each device, set the system baud rate, distribution frequency, display breaker information, and display
monitored values. In addition, provide password protection for programming time/current set points and to
perform functional testing of phase and ground trip characteristics. The programmer shall be self-powered
by aninternal battery. Provide as a minimum one (1) hand-held programming unit per assembly.

The monitored data shall be displayed by a hand-held programmer, a breaker interface module or a remote
computer.

Circuit breakers, 1200-ampere frame and below, shall be provided with a 24-volt dc power supply mounted
within the assembly. In addition, provide a minimum of one (1) auxiliary switch and one (1) bell aarm,
each with Form C contacts in each breaker. Provide additional auxiliary switches, bell alarms, shunt trips,
and undervoltage rel eases where indicated on the drawings.

. Circuit breakers, 1600-ampere frame and above, shall be provided with a power/relay module to supply

control power. Interna relays shall provide contacts for remote indication of the mode of trip (long-delay,
short-circuit, ground fault) and high load.

The trip unit shall be capable of two-way communication via a network twisted pair to the LAN system
provided in the equipment, for remote monitoring and control. The trip unit shall be provided with an ad-
dress register for identification on the network. All monitored values shall be transmittable over the net-
work.

Trip unit shall include zone interlocking capability for the short-time delay and ground fault delay trip
functions for improved system coordination. The zone interlocking system shall restrain the tripping of an
upstream circuit breaker, and allow the circuit breaker closest to the fault to trip with no intentional time
delay. In the event that the downstream breaker does not trip, the upstream breaker shall trip after the pre-

set time delay. I[Factory wire zone interlocking system for breakers within each assembly ]

3 Note to Spec. Writer — Optional
3 Note to Spec. Writer — Optional

08/01/09
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P.

S.

Molded case circuit breakers, 1200-ampere frame and below, where power and energy monitoring is speci-
fied, shall be provided with a potentia transformer, suitable for operation up to 600 volts. The potential
transformer shall be mounted externally to the circuit breakers and provided with a dielectric disconnect
fuse.

Molded case circuit breakers, above 1200 amperes; insulated case breakers;, and power circuit breakers
shall be provided with a potentia transformer module where power and energy monitoring is specified,
suitable for operation up to 600 volts. The primary of the potential transformer module shall be connected
internally to the load side of the circuit breaker through a dielectric disconnect plug.

For enhanced system analysis the following additional parameter values shall be monitored:

1. Peak demand (kW)

2. Present demand (kW)

3. Reverseenergy (kWh)

4. Forward energy (kWh)

5. Total energy (kWh)

6. Power factor

7. Percentage harmonic content

8. Tota Harmonic Distortion (THD)

Programmabl e trip unit shal be equal to Cutler-Hammer OPTIM 1050.

PART 3- EXECUTION

3.1 INSTALLATION

A.

END OF

08/01/09

Installation of each Switchboard, including protection, assembly, testing, connections, and energization shall
be in dtrict accordance with the manufacturer's instructions and Section 16400, Secondary Distribution
Equipment.

In switchboard sections specified to include insulating barriers or insulated buswork, al phase terminals, lugs,
and connections that remain un-insulated after installation shall be carefully taped with high temperature insu-
lating tape, or equivalent protection as approved by the Architect/Engineer.

Switchboard shall be set on a 4 inch high poured concrete pad which extends approximately 2 inches beyond
the switchboard on all sides. Pad shall have 3/4 inch chamfer on each accessible side.

Upon completion of ingtallation and prior to fina inspection, the contractor shall reduce in size the “as-built”
riser diagram, frame under glass and mount in a conspicuous place adjacent to the switchboard.

SECTION 16410
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SECTION 16420 - PANELBOARDS

PART 1 - GENERAL

1.1 SCOPE

A.

Furnish and install Lighting, Power, and Distribution Panelboards as indicated on the drawings and as here-
in specified.

Panelboards and their installation shall comply with applicable requirements of SECTION 16400 -
DISTRIBUTION EQUIPMENT.

1.2 SUBMITTALS

A.

Submit for approval panelboard shop drawings which include as a minimum the following information:
1. Cabinet dimensions.

2. Mounting requirements.

3. Bussing arrangement.

4. Circuit breaker arrangement.

5. Accessories.

PART 2 - PRODUCTS

2.1 BRANCH CIRCUIT PANELBOARDS

A.

B.

08/01/09

Panelboard types, ratings, and contents shall be as shown on the Drawings.
Equipment shall be built to NEMA Standard PB-1, UL Standards UL50 and UL67, and NEC requirements.

Panel board backboxes shall be constructed of galvanized sheet steel and shall be securely fabricated with
screws, bolts, rivets, or by welding. Backboxes shall be a minimum 20" wide and 5-3/4" deep, unless noted
otherwise, and heights shall not exceed 72" overall. Top or bottom gutter space shall beincreased 6" where
feeder loops through panel. End plates shall be supplied without knockouts.

Covers shall be constructed of high grade flat sheet steel with:

1. Door-in-door construction shall be provided. The inside hinge door shall allow access to device handles
only. Door shall close flush with cover and against afull inside trim stop. Hinges shdl beinside type. The
outer hinged door shall allow accessto wiring gutter.

2. A flushlatch and tumbler type lock, so panel door may be held closed without being locked. All such

locks shall be keyed dike. Furnish to the Owner two keys with each lock, or atotal of 10 keysfor the
project.
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3. Four or more cover fasteners of atype which will permit mounting plumb on box. Cover shall aso have
inside support studs to rest on lower edge of backbox while being fastened. For flush mounted panel-
boards, cover fastening hardware shall be concealed behind the hinged door.

A means shall be provided for readily adjusting projection of pand interior assembly with all connectionsin
place. A method requiring stacking of washersis not acceptable. Interior trim shall fit neatly between interior
assembly and cover leaving no gaps between the two.

Panelboard phase and neutral bus buswork shall be of duminum. A copper ground bus shall be provided in
each panel.

Minimum short circuit rating of any panelboard assembly shall be 10,000A. Furnish panelboards with higher
rating where so noted or where evidently intended by specification of circuit breakers with higher interrupting
capacity.

Ampacity of mains shall be equa to, or greater than, the ampacity of the feeder unless otherwise indicated.

Where drawings schedul es indicate spaces for addition of future circuit breakers, furnish al necessary bus-
work, strap, brackets, hardware, and removable blank covers.

Breakers in panelboards shall be physically arranged in locations shown in panel schedules on the drawings
where possible. They shall be connected to the phases as shown.

Unless otherwise indicated and where available for the panelboard type specified, circuit breakers shall be of
the bolt-on type.

Provide surge suppressors a panelboard as indicated on the drawings and by Section 16401 of the specifica-
tions for limiting surge voltages and to prevent continued flow of follow current while remaining capable of
repeating these functions.

2.2 DISTRIBUTION PANELBOARDS

A.

B.

08/01/09

Panelboards rated 600 amperes and greater or designated such shall be Distribution Type.

Description: NEMA PB 1, circuit breaker type.

Panelboard Bus: Aluminum. One continuous fully rated bus bar per phase with ratings asindicated. Provide
copper ground bus and copper neutral in each panelboard equipped with lugs to accommodate all conductors
to be connected. Neutra bus shall be sized 50% and the ground bus shall be sized a minimum of 25% of pa-
nelboard bussing. Where more than one ground bar is furnished, each ground bar will be interconnected with
aconductor sized not less than the panelboard feeder ground conductor. Ground bar shall be bonded to enclo-
sure.

Interior trim shall be dead front construction. Main lugs shall be mounted in the mains compartment.

Main circuit breaker and main lug interiors shall be field convertible for top or bottom incoming feed.

Enclosures NEMA PB 1, Type 1 unless otherwise indicated on drawings. In compliance with UL 50.

1. Theoperating handle of the top most mounted device shall be no higher than 6 feet 6 inches above the fi-
nished floor.

2. Panelboard backbox shall be constructed without pre-punched knockouts.
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3.

5.

Cabinet front shall be afour piece surface trim for surface mount standard. Where specifically indicated
on the drawings, either asingle hinged door or door-in-door construction shall be provided. For door-in-
door construction, the inner hinged door shall allow access to the device handles only and the outer
hinged door shall allow access to wiring gutter.

Enclosure and front shall be either galvanized steel or stainless sted and shall be  finished in manufac-
turer's standard gray enamel.

The enclosure shall be minimum 26 inches wide.

G. Minimumfully rated short circuit rating: RM S symmetrical amperage shall be minimum 22,000 amperes un-
less otherwise indicated on drawings.

Molded Case Circuit Breakers:. NEMA AB 1, UL 489 listed circuit breakers.

1

2.

10.

Manufactured by the same company manufacturing the panelboard.

Circuit breakers used in service entrance equipment should be listed for such use.
Include shunt trip where required or asindicated on the contract documents.
Rating plugs, where used, shall be front accessible.

Breakers shall have minimum interrupting capacity, asindicated for the panelboard on the contract doc-
uments.

Breaker frame sizes and trips shall be as indicated on the drawings.

Circuit breakers shall provide positive indication of ON, OFF, and tripped conditions.

Breakers with frame sizes 100 Amperes and larger shall be plug-in construction. Bolt-on breakers are not
acceptable. Exception: Where all of the branch circuit (feeder circuit) breakers are less than 100 Am-
peres frame size, the panelboard main, if thereis one, may be bolt-on.

All breakers shall be quick-make, quick-break.

Multi-pole breakers shall be common-trip, resulting in al poles opening simultaneoudy under trip condi-
tions.

PART 3- EXECUTION

3.1 INSTALLATION

A.

B.

Equipment shall be perfectly plumb and level.

Openingsin backboxes shall be cut or sawed with tools made for that purpose. Burning of openingsis abso-
lutely unacceptable.

Unused openings shall be closed.

Only one solid wire is allowable under a screw. Provide approved lugs for connecting stranded wire or more
than one solid conductor.\

08/01/09
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E. Centered above the breakersin each panelboard attach a nameplate indicating pandl designation - for example
"PANEL A", or "PANEL MDP". Nameplates shall comply with SECTION 16100 BASIC MATERIALS
AND METHODS.

F. Panelboard backboxes shall be mounted with their tops 6'-8" above the floor.

END OF SECTION 16420
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SECTIO

PART 1

N 16430 -MOTOR CONTROL CENTERS

- GENERAL

1.1 SCOPE

A.

B.

Furnish and install Motor Control Centers as scheduled on the drawings and as specified herein.

Motor horsepower’s scheduled on the drawings are approximate. They shall be confirmed by the Electrical
Contractor.

Motor Control Centers and their installation shall comply with applicable requirements of SECTION 16400
DISTRIBUTION EQUIPMENT.

1.2 SUBMITTALS

A.

Shop drawings, showing or specifying all components in sufficient detail to demonstrate compliance with the
drawings and these specifications shall be submitted for approval.

Shop drawings shall include front elevations, wiring diagrams, equipment schedules, and nameplate sche-
dules. Drawings shall use, or shal cross-reference, the unit designations used on the contract drawings.

The Electrical Contractor shall indicate on the submittals, the status of his motor horsepower confirmation.

PART 2 - PRODUCTS

2.1 CONSTRUCTION FEATURES

A.

B.

08/01/09

Control Center ratings, contents, and other characteristics shall be as shown on the Drawings.

The construction of the Motor Control Centers shall comply with the requirements of UL Standard UL-845,
NEMA Publication |CS-2-322, and the National Electrical Code. Each vertical section and each compartment
shall be UL listed and so labeled.

Motor Control Center enclosures shall be NEMA Type 1.

Motor Control Center shall be constructed in sections approximately 20 inches wide and 20 inches deep, and
shall be designed so that matching sections can be added at either end of the unit. Each section shall provide 6
units of vertical mounting space (nomina 12 inches per unit).

Minimum 6 inch horizontal wireways shall be provided at the top and bottom of each section. Vertica wire-
ways shall be provided at the right-hand side of each section. Wireways shall beisolated from the bus bars.

Buswork shall be silver plated copper. Bus bar ratings shall be as noted on the drawings. |f not otherwise
noted, horizontal buses shall be rated 600A, vertical buses 300A, and bracing shall be for 42,000 amps. A
copper ground bus shall be provided at the bottom front, and shall run the entire length of the Motor Control
Center.

Motor Control Centers shall be furnished with NEMA Class 1 Type B wiring, with separable control wiring
terminal blocks mounted in the starter unit compartments or in the adjacent vertical wireways.
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H. Provisions shall be made for future extension of the horizontal busses at either end with standard splice plates.

2.2 UNITS

A. Unitsfurnished shall consist of combination motor controllers, feeder circuit breakers, fused switches, or other
devices asindicated on the drawings.

B. Unlessotherwise indicated on the drawings, combination motor controller units shall comply with the appli-
cable requirements of Section 16170, Unit Motor Control Equipment.

C. Circuit breakers, switches, and fuses for feeder and combination starter units, as well as unit nameplates
shall comply with Section 16400, Secondary Distribution Equipment.

D. Whereindicated on the drawings, provide an adjustable frequency A/C motor drive unit (AFD) mounted with-
in the Motor Control Center. AFD unit shall be complete with disconnect switch and shall be as specified by

Section 16431, adjustable frequency A/C motor drives. The Motor Control Center environment shall be suita-
ble for maintaining conditions required by the AFD at full power output.

PART 3- EXECUTION
3.1 INSTALLATION
A. Instalation of each Maotor Control Center, including protection, assembly, testing, connections, and energiza-

tion, shall be in strict accordance with the manufacturer's instructions and Section 16400, Secondary Distribu-
tion Equipment.

END OF SECTION 16430
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SECTIO

PART 1

N 16431 - ADJUSTABLE FREQUENCY AC MOTOR DRIVES

- GENERAL

1.1 SCOPE

A.

This specification establishes the requirements for adjustable frequency motor drives. Drives must meet the
design, performance, and functional requirements as specified to be acceptable.

The nomina driverating is based onaNEMA Design B, four pole, AC induction motor. Final drive selection
shall be determined by motor type and full load motor current.

Unless otherwise noted, the NEMA Design B AC induction motor to be used shall operate a constant torque,
variable torque or constant horsepower |oad over a frequency range of 0 to 60 Hz, reaching rated nameplate
horsepower (HP) at 60 HZ.

The adjustable frequency drive shall be capable of generating a controlled adjustable frequency/adjustable
voltage output at suitable power levels.

The drive shall be designed to provide for ease of maintenance.

The inverter section power semiconductors shall be of an approved type and shall not require commutation
capacitors.

The drive shall consist of the following major components:
1. Input rectifier section to supply fixed DC bus voltage.
2. Phase-to-phase and phase-to-ground MOV protection.
3. Smoothing reactor for the DC bus.

4. DC bus capacitors.

5.  Sineweighted PWM generating inverter section.

6. Separatetermina blocks for control and power wiring.

1.2 SUBMITTAL

A.

08/01/09

Shop drawings shall be submitted for this equipment which show compliance with the specifications con-
tained herein.

Aningtruction manual for programming and hardware shall be provided with the drive at the time of ship-
ment.

Recommended spare parts list and prices shall be provided with the shop drawing submittal.

One copy of theinstruction manual, along with one copy of the instructions for each standard factory-installed
option, shall be provided with the drive at the time of shipment.
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PART 2 - PRODUCTS

2.1 CONSTRUCTION FEATURES

A. Thedrive shal be suitable for use in normal indoor non-hazardous industrial environments subject to the fol-
lowing conditions:

1

2

For enclosed units, an operating ambient temperature range of 32 to 104 degrees F (0 to 40 degrees C).
For open units, an operating ambient temperature of 32 to 122 degrees F (0 to 50 degrees C).
For al units, a humidity range from 5 to 95%, non-condensing.

For al units, an altitude range up to 3,300 feet (1,000 meters) without derating the drive's output power
capability.

For @l units, drive vibration of no more than 1.0 G with the drive in its normal mounting position.

To ensure adequate heat dissipation, the drive unit may include fan-assisted cooling such that it will not
degrade the enclosure rating.

B. Thedrive shdl include, as standard, afully digital 7 segment display which will display programming, opera-
tion, and fault code diagnostic information. This display shall be visible through the factory supplied enclo-
sure door. The drive shall have power termina blocks physically separate from control signal terminal blocks.
The drive shal be modularly constructed. Printed circuit boards shall have plug-in connections and be easily
removed form the drive. Power components shall be readily accessible and have "fast-on" or screw terminal
connections for easy removal.

C. Input Characterigtics:

1

9.

The drive shall be capable of being stored in an environment ranging from -40 to 158 degrees F (-40 to 70
degreesC.).

The drive shall be specified to operate from the following AC Line Voltage:
a 460V AC, 3-Phase 60 Hz

Variations up to +/- 10% of line voltage and +/- 2 Hz of line frequency shall be permitted without the
drive shutting down on a fault.

Power line interruptions of up to 0.5 seconds or greater shall be permitted without the drive shutting
down on afault (depending upon drive configuration).

Thedrive input circuitry shall not generate line notches or large voltage transients on the incoming line.
The drive shall present a displacement power factor of 0.95 or better to the AC line at any speed or load.
The drive control efficiency at rated load and frequency shall be 98% or better.

The drive shall have input transient protection.

The drive shall not require an input isolation transformer.

10. Thedrive shal be provided with a 3% impedance line reactor to limit harmonic current on the input line.

08/01/09
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11

The drive shall not be sensitive to supplied power that has one phase grounded (Delta) or referenced to
each ground (Wye).

D. Output Characterigtics:

1

2.

10.

11.

12.

13.

14.

15.

The drive shall produce a (sine weighted PWM) three-phase output for the load.
The standard drive output frequency shall be adjustable from 0 to 500 Hz.

The drive shall be adjustable from O to rated voltage reaching rated voltage at 60 Hz. Rated voltage shall
be 460V AC.

The drive shall produce the constant volts-per- hertz (V/Hz) output listed below in the 60 Hz range and
below:

a) 7.6V/Hzfor 460V AC rated drives

The drive shal supply the rated voltage output when operating above 60 Hz. Rated voltage shal be 460V
AC.

When subject to the range of ambient conditions specified the drive shall be capable of maintaining 100%
of rated output current continuoudly.

When subject to the range of ambient conditions stated above, the drive shall be capable of delivering
150% of rated output current for up to one minute.

The drive output waveform shall be the PWM type waveform producing smooth torque at low frequen-
ciesand low harmonics.

The drive shall have a programmable PWM carrier frequency.

The drive shall be capable of restoring motor operation after 0.5 seconds or greater line loss without shut-
ting down on afault.

The drive shall be capable of operating output open circuited with no fault or damage.

The drive shall produce an output frequency proportional to the speed reference without external feed-
back.

For al analog speed commands, the drive shall maintain set frequency to within 0.6 Hz during power line
fluctuations or changes in ambient temperatures.

For digital speed commands, the drive shall maintain set frequency to within 0.01 Hz during power line
fluctuations or changes in ambient temperatures.

Within the drive rating, the drive shall maintain set frequency and not require readjustment due to
changesin load.

E. Accderation/Deceleration Control:

08/01/09

1

2.

To control the rate of change of output frequency for a step change in input reference, the drive shall have
two independently adjustable acceleration and deceleration rates.

The drive shall have afold-back current limiting circuit. During acceleration, the circuit shall automati-
cally reduce the acceleration rate to a slower rate should the load inertia cause excessive currents.
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10.

11.

12.

13.

The drive shall have a selectable deceleration voltage limiting circuit. The circuit shall extend the set de-
celeration ramp should the bus voltage approach high limits due to regeneration.

The drive shall have incrementally adjustable IR compensation boost. A selectable range for offsetting
motor losses at low frequency operation shall be used to optimize motor torque for starting high inertia
and high friction loads.

As standard, the drive shall contain two boost functions, Run Boost and Accel Boost, which will be indi-
vidually programmable.

Selectable stopping modes of coast, ramp to stop, or DC brake to stop shall be available.
Three adjustable skip frequencies shall be provided.

The drive shall have an adjustable dwell frequency.

Seven programmable preset speeds shall be provided.

The drive shadl have selectable pre-programmed V/Hz ratios and the capability of programming a custom
V/Hz pattern.

As standard, the drive will have the ability to produce a 3-point V/Hz curve.

The volts-per-hertz output of the drive shall not be affected or require readjustment when other drive ad-
justments (such as maximum speed) are changed.

The drive shall be capable of providing, as standard, an acceleration algorithm which is commonly
known as " p-pump."

Input/Output Connections:

1

The drive shall accept an analog input reference of 0-10VDC, 4-20 mA, which can aso be used to pro-
vide inverse analog speed control or a potentiometer.

The drive start/stop commands shall have the capability of operating from TTL, 24vDC, 115VAC op-
tional interface boards, or via optional serial communication hardware.

The drive shall supply an analog output of 0-5VDC. Output signal shall be selectable proportiona to fre-
quency or load current viathe integral programming panel.

The drive shall accept contact closure (2-wire control) or separate start and stop push buttons (3-wire con-
trol).

The drive inverter shall have capability to be enabled without the need for a start signal, after initial drive
power-up.

The drive shall provide isolated contact outputs. Status of contacts shall indicate:
a) Run(FormA)
b) At Speed or Above (FormA)

¢) Alarm (FormC)
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d) Fault (FormC)

G Protection Features,

08/01/09

1

10.

11.

12.

13.

14.

15.

16.

The drive shall have selectable auto restart after a power loss or any other fault except ground faults or
short circuit faults with no less than nine restart attempts.

The drive shall be capable of monitoring the following conditions or sensing the following faults. Where
indicated in the following text, the condition or fault shall be annunciated on the diagnostic display panel.
The panel shall be mounted on the front of the drive and visible through the door of the enclosure.

The drive shall instantaneoudy shut down when a fault condition occurs.

The drive shall have an adjustable momentary overload protection circuit (MOPC) adjustable from 50 to
150% of the drive rating.

The MOPC shall sense amotor load current exceeding the programmed amount of the drive rating. The
circuit will momentarily reduce the output voltage and frequency until the load is reduced to acceptable
levels.

If theload is such that the motor isin a LOCKED ROTOR condition for more than four seconds, the
drive will attempt to protect the motor and shut down on aMOPC fault. The fault will be annunciated on
the digital display panel readout.

The drive shall provide motor overload protection when a single motor is connected to the drive.
The overload protection shall be adjustable from 50 to 115% of the drive full load current rating.

The overload shall provide the protection required by the NEC for motor overload protection and shall be
tested in accordance with UL Standard 991.

Should the input line fall below 10% of rated input voltage, the drive shall sense an undervoltage condi-
tion and annunciate it on the digital display panel.

Should either the input line rise above 10% of rated input voltage, or the internal DC busrise above a-
lowable levels due to load regeneration, the drive shall sense an overvoltage condition and annunciate it
on the digital display and an alarm contact.

The drive shall have protection againgt (and indicate) a phase-to-phase short in the output load or a short
circuit in a phase of the output module.

Each output phase shall be monitored. If a short circuit condition occurs, acircuit shall guard against fur-
ther damage by turning off the entire output section experiencing the shorted condition.

The drive shall shut down and annunciate the fault and display the appropriate fault code on the digital
display pandl.

The drive shall monitor the temperature of the heat sink. If the heat sink temperature exceeds approx-
imately 100 degrees C, the drive shall shut down and annunciate the condition on the digital display pan-
el.

Should an output phase short to earth ground, the drive shall have circuits to guard against excessive cur-
rents. This condition shall be monitored and annunciated on the digital display panel.
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17.

18.

19.

20.

When power is applied to the drive and hazardous potentials exist on the DC bus, the drive shall provide
oneindication at the front of the drive and another visible from the logic board area. These indications
shall remain lit until power isremoved form the drive and the DC bus discharges to a potential of 42V
DCor less.

The drive shall contain circuits that will discharge the DC bus to below 42V DC within 60 seconds after
input power isremoved form the drive.

The drive protection functions shall monitor and annunciate the following conditions as a minimum:

a) Overcurrent Protection

b) Short Circuit Protection

¢) DC Bus Undervoltage Protection

d) DC BusOvervoltage Protection

€) Overtemperature Protection

f)  Power Semiconductor Protection

g) Ground Fault Protection

The drive shal execute, oninitia power-up, a self-diagnostic check. Theintegral programming display
panel shall provide first fault indication of drive protection functions. Fault indication shall be retained if
input power islost. The following faults shall be displayed on the local programming panel:

a) Overcurrent

b) Short Circuit/Ground Fault

¢) Undervoltage

d) Overvoltage

€) Overtemperature

f)  Power Supply Fault

0) Motor Stalled

h) Fault Codesto provide direction as to board level and input/output level to aid in troubleshooting.

H. Miscellaneous:

08/01/09

1

All drive set-up operations and adjustments shall be digital and stored in a nonvolatile memory
(EEPROM). No analog or potentiometer adjustments will be allowed.

Drive operation shall be fully digital with microprocessor control of frequency, voltage, and current.
The standard drive shall have a7 segment digital display for use as a diagnostic operation display.

The drive shall contain an independent parameter which will provide an adjustable minimum speed set-
ting from 0 to 120 Hz.
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5. Thedrive shall contain an independent parameter which will provide an adjustable maximum speed set-
ting from 40 to 250 Hz.

6. Providedrive with input circuit breaker for drive overcurrent protection and disconnecting means.

7. Provide drive with manual bypass switch to allow alternate operation of the motor from the line.

PART 3 - EXECUTION

3.1 DRIVE CONSTRUCTION

A.

The drive shall be built in applicable NEMA standards and be suitable for use as a component to meet NEC
requirements. Driveisto be listed by Underwriters Laboratories (UL).

3.2 TESTING

A.

All drives shall be burned in for aminimum of 72 hours, cycling load to simulate no load/full load and exer-
cise drive power components.

The completed drive shall be functionally tested with a motor before shipment to assure proper operation per
specification.

3.3 FIELD SERVICE AND TRAINING

A.

END OF

08/01/09

The supplier of the AC drive described herein shall have afactory-trained service representative in domestic
residence within 100 miles (average) of the job site. The factory representative shall be trained in the mainten-
ance and troubleshooting of the equipment as specified herein.

The Contractor shall provide the services of afactory representative for startup.

The Contractor shall provide the services of the AC drive manufacturer's trained service representative for an
on-site training program for plant personnel. This program shall provide for operation and instruction ma-
nuals, training in equipment operation, and troubleshooting of the AC drive and shall consist of a minimum of
two eight-hour sessions.

The manufacturer shall have a distributor organization which locally stocks standard drives, modification kits,
and spare parts.

The manufacturer shall have regularly scheduled maintenance and training schools on the equipment supplied.
Schools shall be conducted at the manufacturer's facility and involve hands-on training.

The manufacturer shall offer maintenance service contracts covering the equipment supplied. The contracts
shall provide for periodic maintenance inspections of the units by the manufacturer's factory-trained service
personnel.

SECTION 16431
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SECTION 16460 — DRY TYPE BUILDING TRANSFORMERS

PART 1- GENERAL

1.1 SCOPE

A. Contractor shall furnish and install Dry Type Transformers as indicated on the drawings and as specified

herein.

B. Transformersand their ingtallation shal comply with applicable requirements of SECTION 16400 -
DISTRIBUTION EQUIPMENT.

1.2 SUBMITTALS

A. Submit for approval manufacturer's data sheets for each dry-type transformer provided. Submittal shall show
as aminimum the following information:;

1

8.

Electrical characteristics including KV A rating, primary and secondary nominal voltage, voltage taps,
BIL, insulation class, temperature rise and impedance..

Congtruction details including core and coil materials, enclosure dimensions and unit upright.

Audible noise level.

Insulation class.

Short Circuit Current Data: Primary (Sym. O/P S/C) & Secondary (L-N/G S/C).

In rush current (typical 3 cycle recovery).

Efficiency Data:

a)
b)
0)
d)

e

No load and full load losses per NEMA ST20.

Linear load efficiency data @ 15%, 25%, 50%, 75%, 100% of nameplate rating.
Efficiency under K7 load profile at 15%, 25%, 50%, 75%, 100% of nameplate rating.
25 Y ear product warranty certificate.

Copy of 1SO 9001 documentation describing nonlinear load test program including meter and CT de-
tails.

Wiring and connection diagrams.

B. Warranty.

1. Transformer shal carry a25 year pro-rated warranty which shall be standard for the product line.

C. Quality Assurance.

08/01/09
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1. Toensureauditable product quality and manufacture to specification, manufacturer must follow recog-
nized Quality Assurance programs |SO 9001 & 1S04001.

a) Federa Register —US Depart of Energy, Office of Energy Efficiency and Renewable Energy, 10
CFR Part 430, July 29, 2004, Energy Conservation Program for Commercial * Industrial Equipment.
Certified as meeting US Dept of Energy proposed Candidate Standard Level (CSL) 3 efficiency, ex-

tremely low no load losses, (substantially more efficient than NEMA TP-1) when tested according to
NEMA TP-2.

b) ANSI/NEMA ST 20— Dry Type Transformer for General Application.

¢) ANSI/NEMA TP-2 — Standard Test Method for Measuring Energy Consumption for Distribution
Transformers.

d) IEEE C57.110-1996 — |EEE Recommended Practice for establishing transformer capability when
feeding non-sinusoidal 1oad currents.

€) 1S0 9001 — International Standards Organization — Quality Management System.
f) 1SS0 14001 - International Standards Organization — Environmental Management System.

0) |EEE - 1100- Recommended Practice for Powering and Grounding Sensitive Electronic Equip-
ment.

PART 2 - PRODUCTS

2.1 RATINGS

A.

B.

Voltage and KV A ratings shall be asindicated on the drawings.

Unless otherwise indicated, 3-phase transformer primary voltages shall be 480V "delta", and secondary vol-
tages shall be 120/208V, 4 wire "wye".

Neutral shall be 200% rated.

Congtruction shall beto NEMA ST20 and relevant NEMA, UL and |EEE Standards.

2.2 CONSTRUCTION FEATURES

08/01/09

Enclosures shall be ventilated for indoor use unless otherwise indicated.

Transformers shall be designed for floor or platform mounting, however they shall be provided with wall
mounting brackets where wall mounting isindicated on the drawings.

Windings shall be copper . Windings shall be designed for full load operation at a maximum temperature rise
of 115°C above a 40°C ambient, however winding insulation shall be rated 220°C.

Each transformer shall be provided with FCBN taps on the primary winding of the manufacturer's standard
percentages, but not less than four 2.5% FCBN taps.
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E. Coreand coil assemblies shall be mounted on rubber isolation pads to minimize transmission of sound and vi-
bration. Sound levelsfor individua transformers, measured in accordance with NEMA standards, shall not
exceed 45 decibels for sizes 225 KV A and smaller, and 50 decibels for sizeslarger than 225 KVA.

F. Transformersindicated to be the non-linear type shall, in addition, be suitable for use on distribution systems
supplying loads which generate 3rd, 5th, 7th 11th and 13th harmonic currents. These are typica non-linear
loads such as computers. Non-linear type transformers shall have afull length copper electrostatic shield
which produces an average affective coupling capacitance of 30 picofarads between primary and secondary.
Electrical noise attenuation shall average 120 dB common mode and 30 dB norma mode. Non-linear type
transformers shall have the neutral bar sized for at least 200% ampacity of the secondary phase conductors,
shall have a"K" rating of K-13, designed for use with 100% non-linear switching loads and shall be UL 1561
listed.

2.3 EFFICIENCY RATING

1. Maximum No Load Losses:

No load losses shall not exceed: 15KV A: 50W, 30KV A: 90W, 45KV A: 120W, 75KV A: 170W, 112.5KVA:
250W, 150KV A: 310W, 225KV A: 430W, 300KV A: 530W.

2. Efficiency at 15% loading:

Efficiency at 1/6 load shall meet or exceed: 15KV A: 97.3%, 30KV A: 97.6%, 45KV A: 97.9%, 75KVA:
98.2%, 112.5KVA: 98.4%, 150KV A: 98.5%, 225KV A: 98.6%, 300 KV A: 98.7%, 500KV A: 98.8%,
750KV A: 98.9%.

3. DOE 10 CFR Part 430 CSL 3 Efficiency requirement, tested per NEMA TP-2: Shall meet or exceed: 15
KVA: 97.6%, 30KVA: 98.1%, 45KV A: 98.3%, 75KV A: 98.6%, 112.5KV A: 98.8%, 150KV A: 98.9%,
225KV A: 98.9%, 300KV A: 99.0%, 500KV A: 99.1%, KVA: 99.2%.

4. Efficiency under K-7 nonlinear load at 50% of nameplate rating: 15KV A: 97.3%, 30KV A: 97.7%, 45KV A:

97.9%, 75KV A: 98.4%, 112.5KV A: 98.7%, 150KV A: 98.8%, 225KV A: 98.8%, 300KV A: 98.8%, S00KVA:
98.9%, 750KV A: 98.9%.

24 MANUFACTURERS
A. Subject to compliance with requirement, provide products of one of the following or acceptable equivalent.
B. MiruslInternationa Corp.

C. E. Factor

PART 3 - EXECUTION

3.1 MOUNTING

A. For floor mounted units, provide 4" high poured concrete pads. Provide vibration isolating pads under frame
supports.

B. Wheretransformers designed for floor mounting are indicated to be wall mounted, provide manufacturer's

standard mounting brackets, or provide sted channel frames, attached to the wall and suspended from the
building structure using 1/2" diameter threaded steel rods.
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3.2 CONDUIT CONNECTIONS
A. Wherefeasible, conduits shall enter the enclosures of floor mounted transformers from underneath.
B. Where conduits must attach to transformer housing, utilize 12" lengths of flexible conduit terminated with
connectors and bonding bushings.
3.3 SECONDARY CONNECTIONS

A. Transformer enclosures and secondary neutrals shall be grounded as Separately Derived Systems. See Sec-
tion 16130.

B. Transformer secondary protection shall be provided in accordance with the requirements of the NEC and local
requirements.

3.4 LABELING
A. Each unit shall bear manufacturer's nameplate indicating transformer rating and connection diagram.

B. Provide nameplate indicating transformer designation, voltage, and device from which transformer is sup-
plied. Nameplates shall be in accordance with the requirements of Section 16100.

3.5 ADJUSTMENTS
A. The Contractor shall adjust the transformer taps to produce, approximately, the secondary voltages indicated
at no load.
3.6 NOISE AND VIBRATION
A. Transformers producing objectionable sound or vibration shall be corrected as directed by the manufacturer,

or replaced.

END OF SECTION 16460
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SECTION 16500 — LIGHTING FIXTURES AND ACCESSORIES

PART 1- GENERAL

1.1 SCOPE

A.

The Contractor shall furnish and completely install Lighting Fixtures and Accessories asindicated on the
drawings and as herein specified.

All fixtures shall be equipped with lamps.
A lighting fixture shall be provided for each lighting outlet indicated. Outlets lacking fixture designations

shall be brought to the attention of the Architect/Engineer before submitting proposal; otherwise units selected
by the Architect/Engineer shall be furnished and installed at no additional charge.

1.2 SUBMITTALS

A.

Submit for approval complete manufacturer's data sheets for al fixtures. Indicate all components, characteris-
tics, and options.

Submit for approval manufacturer's data sheets for all lamps to be furnished.

Submit for approval Lighting Fixture samples as requested by the Architect/Engineer. Samples shall be
equipped with lamps, cords, plugs, and ballasts for 120 volt operation.

PART 2 - PRODUCTS

2.1 LIGHTING FIXTURES

A.

B.

All fixtures shall be labeled by Underwriters Laboratories, Inc.

Fixture designations on the drawings generally consist of aletter indicating the fixture type. Fixture types are
identified in the Lighting Fixture Schedule or Symbol Schedule, however, the Schedule does not necessarily
list al accessories and hardware necessary for the complete ingtallation, nor does it detail the construction to
be encountered at the fixture locations. It isthe Contractor's responsibility to properly determine and provide
correct components, accessories, and hardware required for the ingtallation.

Recessed incandescent and H.1.D. fixtures shall be equipped with automatic reset thermal protection.

Pendant Fixtures shall be equipped with swivel hangers; twin stem for individual fluorescent fixtures and sin-
gle stem for continuous row fluorescent fixtures, spaced according to the manufacturer's recommendations but
not less than one per fixture unit plus one per row.

Recessed Incandescent, Compact Fluorescent, and H.1.D. Fixturesin plaster and gypsum board ceilings shall
be equipped with plaster frames. In other ceilings they shall be equipped with plaster frames and/or other de-
vices as approved by the Architect/Engineer, to facilitate removal of fixture and accessto the concealed junc-
tion box.

Plastic materialsindicated to be "acrylic" shall be of 100% virgin methyl methacrylate producted by Rohm
and Haas, DuPont, or Cyanimid.
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G. Eight-foot chassis with lamps in tandem may be used in lieu of four-foot fluorescent unitsin continuous rows,
except where recessed into ceiling construction which incorporates exposed support members at four-foot in-
tervals.

H. Recessed Fluorescent Fixtures (Troffers) shall conform to the following minimum requirements unless mod-
ified by notes and schedules on the Drawings:

1

Housings shall be of 4-3/8" minimum, 5" maximum depth, and of 22 gauge minimum steel, with deeply
formed transverse ribs for rigidity, primed, and finished in baked white enamel. The use of pre-painted
steel is acceptable.

Lenses shall be of flat clear K-12 type acrylic of .125" nominal (.115" minimum) thicknessin rigid
hinged steel or extruded aluminum door frames finished in baked white enamel and secured with incons-
picuous spring-loaded or rotary cam type stedl latches. Lenses shall be maintained in aflat position with
invisible clips, and shall be removable from the door frames using a screwdriver without damaging the
lens or the frame.

Joints between housings and door frames shall be totally free of light leaks. Gaskets, if used, shall be in-
visible and in compression when the door is closed. Gasketing materia subjected to rubbing when the
door is opened or closed will not be accepted. Flexible and/or removable black baffles will not be ac-
cepted.

Ballasts shall be as hereinafter specified. Lampholders shall berigidly mounted and replaceable without
removing the fixture from the ceiling. Lampholder wiring shall not be exposed in the lamp compartment.

Top access plates to facilitate wiring are optional with the Contractor. Each fixture shall be individually
connected to a concealed junction box with #16 TFN conductorsin 6 feet of 3/8" flexible metal conduit.

Troffersfor inverted tee exposed grid ceilings shall be designed to be raised through the ceiling opening,
and be supported and framed by the ceiling tees. They shall be secured to the ceiling grid with four
"earthquake clips' furnished by the fixture manufacturer.

Troffersfor plaster and gypsum board ceilings shall be furnished with plaster frames.

Troffersfor ceilings with concealed suspension systems including plaster, gypsum board, and acoustical
tile shall be equipped with suitable adjustable yokes or brackets designed to hook onto the plaster frame
or ceiling channels, prevent the channels from spreading, and support the fixture.

Fixtures shal be aregularly cataloged and commonly manufactured product of an established, recognized
lighting fixture manufacturer, with published photometric data and Zona Cavity Coefficients of Utiliza-
tion based on tests conducted by an independent photometric testing laboratory. Tests and calculations
shall be in accordance with current |ES standards.

I. Fuorescent fixtures containing three or more lamps shall be ballasted and connected to permit separate
switching of center lamp in three-lamp units, two center lampsin four-lamp units.

J.  Metal halide fixtures shall be enclosed.

2.2 LAMPS

A. Lampsshall be manufactured by Osram Sylvania, General Electric, or Philips.

08/01/09
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B. Lamps shall be compatible with the design and photometric characteristics of the lighting fixtures. Where the
lighting fixture design offers a choice of lamps, the lamp selection shall be as directed by the Archi-
tect/Engineer.

C. Fuorescent lamps shall be of the energy-saving type, where available.

D. Unlessotherwise indicated, nominal 4-foot "Building Standard" fluorescent |lamps shall be the 32 watt, T8 in-
stant start type or rapid start type asindicated, fully compatible with the ballasts supplied.

E. HighIntensity Discharge (H.I.D.) lamps shall be selected to conform to the lighting fixture manufacturer's
recommendations for base type and direction, bulb shape and coating, and compatibility with the ballast sup-
plied.

2.3 BALLASTS

A. Balastsfor fluorescent and H.I.D. lamps shall be manufactured by Advance, Jefferson, Magnetek, or ap-
proved equal. All fixtures of the same type shall be supplied with ball asts of the same manufacturer.

B. Fluorescent and H.1.D. ballasts shall be High Power Factor, UL listed and labeled, and designed for operation
a 120 or 277 volts as applicable, unless otherwise indicated.

C. H.1.D. balagts, unless otherwise indicated, shall be the high reactance or Constant Wattage type.

D. Fluorescent ballasts, unless otherwise indicated, shall be electronic Class P with Ballast Efficacy Factorsin
compliance with NAECA Requirements. Electronic ballasts shall provide high frequency operation with lamp
current crest factors of 1.7 or less and total harmonic distortion of less than 20%. Light output and noise levels
shall comply with CBM standards for equivalent electromagnetic ballasts.

F. Ballastsfor fluorescent lamps shall be Rapid Start or instant start as indicated. Programmed rapid start ballasts
shall be provided for compact fluorescent lamps.

G Dimming Ballasts:
1. Materials and Performance:
a) Electronic dimming ballast shall operate at 120V (277V), 60Hz nominal line.
b) Electronic dimming ballast shall have a power factor greater than .95.

c) Electronic dimming ballast shall have alamp current crest factor (CCF) less than or equal to 1.7 as
specified in ANSI C82.11.

d) Electronic dimming ballast shall have internal circuitry to limit inrush current to a maximum of
seven amps at 120 volts, three amps at 277 valts.

€) Electronic dimming ballast shall be a programmed rapid start type and preheat lamp cathodes be-
fore applying full arc voltage to ensure average rated lamp life is not diminished.

f)  Electronic dimming ballast operation shall not diminish average rated lamp life.

g) Electronic dimming ballast shall provide end-of-lamp-life protection for T5 linear and T4 4-pin

lamps.
h) Electronic dimming ballast shall be capable of striking lamps at any light level without first flash-
ing to full light.
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i) Electronic dimming ballast shall be inaudiblein a27dBA ambient.

j)  Electronic dimming ballast shall meet FCC Part 18 Non-Consumer Specifications for EMI/RFI
emissions.

k) Electronic dimming ballast shall meet ANSI C62.41 Category A transient voltage line protection
requirements up to and including 6K V.

2. Fluorescent Dimming — T4 Compact Fluorescent Lamps:

a) Electronic ballast shall have a continuous flicker-free dimming range of 100% - 1% relative light
output (RLO) for T4 4-pin compact fluorescent lamps.

b) Electronic dimming ballast shall have.
1) A ballast factor greater than .95.
2) Tota harmonic distortion (THD) less than 10% at full light output.

3) Electronic dimming ballast shall utilize 3-wire (line voltage) phase control technology for bal-
last dimming.

¢) Electronic dimming ballast shall maintain constant light output +/-2% for aline voltage variation
of +/-10%.

d) Electronic dimming ballast shall not be damaged by miswires between any input power and con-
trol connections and any lamp leads to each other and/or ground.

€) Electronic dimming ballast shall be specified Lutron Hi-lume 1% or equal.

f)  Seefixture schedule and/or load schedule to identify 1% dimming ballasts.

PART 3 - EXECUTION

3.1 COORDINATION

A.

Contractor shall verify ceiling or wall type in or on which each fixture is to be mounted, and shall furnish unit
with appropriate trim type, mounting hardware, and accessories to fit the construction; and feed through junc-
tion boxes as required to maintain proper accessto system wiring.

3.2 INSTALLATION

A.

B.

08/01/09

Lighting fixtures shall beinstalled in accordance with the manufacturer's instructions.

Lighting fixtures shall be supported from the building structure using corrosion resistant steel hardware in
compliance with Section 16100 Basic Materials and Methods. 10 gauge minimum steel wire may be used for
support from the structure where concealed above suspended ceilings.

In addition to the supports from the structure, fixtures shall also be secured to suspended ceilings on which
they are mounted, or in which they are recessed. Where fixtures are secured to suspended ceilings, the primary
supports from the building structure shall be slack.
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D. A minimum of two No. 12 gauge wire supports attached to the structure shall be provided for each lighting
fixture unless otherwise indicated or approved by the Architect/Engineer. The supports shall be located at di-
agonal corners of rectangular fixtures and angled away from fixture. A minimum of three full twists shall be
made at each end to secure wire.

E. Whereingtalled recessed in grid type ceilings, attach each fluorescent fixture to the grid with a minimum of
four "earthquake clips' furnished by the Lighting Fixture manufacturer.

F. Conductorsin fixture taps shall be #16 AWG minimum, type TFN, in 3/8" flexible metal conduit of 72" max-
imum length. A green insulated equipment grounding conductor shall be included.

G. Mount fixtures plumb and square. Keep rows in perfect line.

H. Where parabolic louver type fluorescent fixtures are to be furnished, the fixture louvers shall remain plastic-
wrapped until project is completed.

I.  Attimeof project completion, fixtures and lamps shall be clean and fully operational.

J.  HighIntensity Discharge lamps that fail during the 12 month guarantee period will be considered to have been
defective and shall be replaced by the Contractor at no cost to the Owner.

K. For each tandem wired fluorescent troffer fixture, provide “pointer” decal to indicate paired complement fix-
ture. Adhesive decal shall be no less than one inch wide by two inches long and shall be black. Decal shall be
affixed to the ballast cover and shall only be visible when the lens or louver door is opened.

END OF SECTION 16500
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SECTION 16510 - LOW VOLTAGE SWITCHING SYSTEMS

PART 1- GENERAL

1.1 SCOPE
A. Low voltage switching system shall be provided complete, asindicated by the drawings, including wiring,
raceway, boxes, cabinets, relays, switches, transformer and rectifier assemblies.
1.2 SUBMITTALS

A. Shop drawings shall be submitted for each item of equipment to be furnished.

PART 2 - PRODUCTS

2.1 MANUFACTURERS

A. Equipment specified herein is The Watt Stopper, Inc. and is intended to establish type and quality required.
Similar and equal equipment by MicroLite, ILC Enercon or Touch-Plate will be acceptable.

2.2 RELAY PANELS
A. Description
1. Modular Relay Panels shall be UL listed and consist of the following:

a) Tub: Empty NEMA 1 enclosure that can accept an interior sized to accept up to 12, 24, or 48 me-
chanically latching relays.

b) Power Supply: Transformer assembly with two 40V A transformers with separate secondaries.
Transformers include internal overcurrent protection with automatic reset and metal oxide varistor
protection against power line spikes. 120 or 277 VAC asrequired, 60 Hz +/- 10%.

¢) Cover: Surface or Flush as required, with captive screwsin a hinged, lockable configuration.

d) Interior: Bracket and intelligence board backplane with pre-mounted relays. Interiors shall be pro-
vided with up to 12, 24, or 48 installed and tested relays.

€) Panel shall be provided with an integral DIN rail mounting bar for easy installation of other sys-
tem components (such as atime clock and/or photocell controller). Terminals shall be included in
the interior to accept a dataline for the connection of dataline switches to the system, or to allow a
dataline to be run between multiple panels for network communications.

f)  Eight channels for grouping relays shall be provided in each interior regardless of size, each with
an associated pushbutton to toggle the channel ON/OFF, and aterminal block for a separate dry
contact input. Any number of relays in the panel can be assigned to each channel, with overlap-
ping allowed. Each channel pushbutton shall provide LED status indication: RED shall indicate
that all relays within the channel group are ON; NO LED shall indicate that all relays within the
group are OFF, and GREEN shall indicate the channel’ s relays are in aMIXED state (some OFF,
some ON).
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B.

08/01/09

Features

1. Relaysshall be momentary-pulsed mechanically latching contactors with plug in connector. Relays
shall have mechanically latching contacts with single moving part design for improved reliability. Re-
lays will have the following characteristics:

a Cail

1)
2)

3)

Magnetically held, momentary coil activation (50 milliseconds).

2.2 VA max per relay to allow up to 20 relaysto be controlled in parallel using class 2 wiring.

Split coil.

b) Power Contacts

1
2)
3)
4)

5)

20 amp tungsten and NEMA €electronic ballast rated.
Rated for 50,000 ON/OFF cycles at full load.
Support #10 - #14 AWG solid or stranded wire.

120, 277 volt rated.

Standard 1 year warranty.

c) 30VAC Isolated contacts for status feedback and pilot light indication.

d) FCC approved for commercial and residential use.

2. Next to each relay shall be an individual override button and a bi-color LED to indicate status.

3. Panelsshall support the “blink warning” function, with LED indication for each relay.

4. Captive screw terminations will be provided for al wiring connections.

5. Each channel button’s dry control contact input terminal shall accept either 2 or 3-wire, maintained or
momentary inputs. They shall also accept a 2-wire toggling input.

6. Each channel shall also have an associated 1 amp, 30 VDC isolated contact which may be used for sta-
tus feedback or pilot light control.

7. Each panel shall include simple dials for setting a 2-digit panel address.

8. The Relay Panel shall use an EEPROM to record the channel’ s program assignments and the current
status of al relays, thus insuring a 20-year backup of information in the event of a power failure. Sys-
tems that require a chargeable battery with less than 20 year’ s life shall not be allowed.

9. Theunit shall provide LED statusindication of the power supply status. Accessto 24 VAC and 24 V
rectified power for accessory devices shall be provided within the panel.

10. The panel shall have an integrated DIN rail for mounting dataline control modules.
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2.3 PHOTOCONTROL MODULE

A. Description

1.

A single photocell shall be mounted in an appropriate location for measuring exterior light levels. The
sensor shall connect to a separate Photocontrol Module mounted on the DIN rail inside any panel via
single 20/4 shielded conductor with a maximum distance of 500 ft. The control unit shall connect to
the network dataline at any panel, and draw power from the dataline, so no extra wires are required.

2. The Photocontrol Module shall be designed to integrate seamlessly with either the Network Clock or
the BM S Interface module. Replacing the astronomic control function on the clock, the Photocontrol
module shall measure the actual exterior light level. Each of the eight global channels shall have the
ability to be assigned a different trip level.

B. Features

1. Real time, 2-line LCD display of actual exterior light level up to 200 fc.

2. Channel set points and parameters programmed via the Network Clock or BMS Interface Module.

3. Choice of OPERATE or TEST modes, with simulated light level for testing.

4. Control unit detects and broadcasts “Dark” or “Not Dark” states for each channel to the panels.

5. Automatic deadband and 5-minute time delay to avoid nuisance switching.

6. LEDsfor each channel show RED if Dark (actual light level below set point); GREEN if above set

point, OFF if not programmed.

2.4 BMSINTERFACE MODULE

A. Description

1.

The BMS Interface Module shall be used in lieu of the Network Clock to provide the same lighting
control functions (with the exception of the Astronomic function), but shall allow an external automa-
tion device to provide the signal that changes channel status from Occupied to Unoccupied (after-
hours).

2. When the BMS Interface senses the presence of a Photocell Control module, it shall automatically add
the two exterior daylighting scenarios to the menus.

3. Since the BMS module accepts timing signals from another system, and does not provide its own
scheduling, it shall include an Egress delay option to allow time for occupantsto clear the area before
lighting is turned OFF.

B. Features
1. 2-LineLCD display with smple data entry for each of 8 channels.
2. User-selectable intelligent scenarios to handle standard lighting control functions for each channel in-
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dependently, including:
a) Schedule ON/Schedule OFF

b) Manual ON/Schedule OFF
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3. Automatically detects the presence of the Photocontrol Module on the dataline and adds the Dark sce-

narios to the menus, accepting actual light level readings for the following scenarios:
a) Dark ON/Dark OFF
b) Dark ON/Schedule OFF

User-selectable egress delay up to 240 minutes (4 hours) to allow safe exit after channel status changes
to Unoccupied.

Isolated, single-pole input contact for each channel, user-definable with choice of Occupied = Open or
Occupied = Closed.

24, VAC, 1 amp status output contacts, user-definable with choice of Closed contact = Any ON, All
ON, All OFF, Any OFF.

2.5 UNIVERSAL SWITCH INTERFACE MODULE

A. Description

1.

Provide a Universal Switch Interface module to wire non-dataline switches to the SWS network or to
accept contact closures from other systems.

2. TheUniversal Switch Interface module shall provide terminals for up to eight groups which may be
programmed to control any group of relays within a panel, like the button of a dataline switch.

3. TheUniversal Switch Interface module shall be DIN rail mounted and draw power from the relay pan-
el or accessory enclosure to which it is connected via the dataline.

B. Features

1. Eight terminals each to accept any 2- or 3-wire switch input or contact closure.

2. 2-wire status output for each of the eight groups.

3. Bi-color status LED for each group.

4. Push-button override toggles each group ON/OFF.

5.  ON/OFF or Pattern group control.

2.6 MOMENTARY TOGGLE SWITCHES

A. Themomentary toggle switch shall have an appearance that matches conventional toggle switches and fits
standard switch plate openings. It shall have a quiet, single-pole, double-throw momentary operation. When
toggled up or down, the switch shall momentarily make a contact closure, sending an on or off signal to
lighting control panel products. At rest, the switch shall sit in the center position, making no contact clo-
sure. 3-way, 4-way and multi-way switching shall easily be accomplished by parallel wiring the switches.

B. The switch shall berated for 3 Amps at 24VAC/VDC. It shall use side wire screw terminals for easy, relia-
ble connection to switch wiring. The switch color shall be gray.

2.7 AUTOMATIC CONTROL SWITCH

08/01/09
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A. Description
1. The Automatic Control Switch shall be aline voltage, push-button wall switch capable of ON/OFF
manual operation and also of receiving control signals through the temporary interruption of power to
the circuit viathe relay panel.
2. Relayscontrolling circuits with Automatic Control Switches shall be smartwired to one or more of the
system’ s eight global channels. This channel(s) shall be assigned the Manual On/Multiple Off Sweeps.
3. Each channel shall be assigned a sweep interval from 1-240 minutes (4 hours). During “Occupied’
hours, power to the circuit shall be maintained. During “Unoccupied” hours (after-hours), the channel
shall sweep off — by temporarily interrupting power to the circuit — at the specified intervals.
4. Occupants shall have a five-minute time delay to press the switch, keeping the lights on until the end
of the next sweep interval.
B. Features
1. 120 VAC or 277 VAC models with matching wall plate included.
2. Audible beep during time delay can be enabled or disabled without removing the switch face plate.
3. Locator LED.

2.8 ACCESSORY ENCLOSURE

A. Description

1

Provide an Accessory Enclosure with integral DIN rail mounting area and connections for dataline and
optional power supply as needed for remote mounting of intelligence modules.

Intelligence modules, to include the Network Clock, BMS Interface, Photocontrol module or Universal
Switch Interface module, shall be simply snapped onto the DIN rail, and their dataline cables con-
nected to aterminal board in the accessory enclosure.

3. Additional power may be supplied if needed by installing a standard dual-transformer power supply in
the space provided in the enclosure.
B. Features
1. Enclosure shall be UL listed.
2. Surface mount, with hinged cover and locking latch.
3. Integral DIN rail for remote mounting of accessory modules.
4. Terminal board provides connections for local dataline, global dataline, and accessory power.

2.9 CATALOG NUMBERS

A. TheWatt Stopper catalog numbers.

08/01/09

1. Smartwired Switching System Relay Panels:
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a) Tubs. HTUBA48
b) Power Supplies: HPSM 115
c) Covers: HCVR48x
d) Interiors: HINxxy48SP
€) Relays: RR9P
2. Photocontrol Module package including photocell: HPCP8SS
3. BMSInterface Module: HBM S8SS
4. Universa Switch Interface module: HUSM8SS
5. Momentary Toggle Switch: LVS-1

6. Automatic Control Switch: AS-110-277

7. Accessory Enclosure: HACCBOX

PART 3 - EXECUTION

3.1 OPERATIONSINSTRUCTIONS
A. A half-scale drawing of the architectural floor plans for the area being controlled with the low voltage sys-
tem, with the "As-Built" lighting lay-out for the area shall be framed under glass and placed at each of the

component cabinet locations.

B. Thedrawing shall include L.V. relay designation for each fixture, which shall be the same as the labeling
designation for the applicable controlling switch inthe L.V. central switching assemblies.

3.2 INSTALLATION
A. All equipment including wiring shall be installed in accordance with the system manufacturer instructions.
B. All remote control components shall be factory preassembled and wired in the specified cabinets.

C. Themanufacturer shall provide a point-to-point wiring diagram of each panel indicating factory wiring
room circuit breakers to relay switching devices and terminal strips.

D. All work shall bein accordance with Article 725, Class 2, of the NEC.
E. Wiring shall be No. 18 AWG, stranded minimum.

F. All wiring shall beinstalled in approved raceway.

3.3 WARRANTY
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A. Manufacturer shall provide a1 year warranty for all system components.

END OF SECTION
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SECTIO

PART 1

N 16620 —- ENGINE-GENERATOR SYSTEM

- GENERAL

1.1 SCOPE

A.

The Electrical Contractor shall provide a complete, coordinated, and operable auxiliary power system con-
sisting of adiesel engine driven generator set fuel supply facilities, exhaust facilities, control, starting and
instrumentation equipment, battery charging equipment and all required accessories and connections.

System shall comply with the requirements of NEC Articles 445 and 700, NFPA 30, UL2200 and the North
Carolina State Building Code.

1.2 FUNCTION

A.

Upon failure of the normal power source to any Automatic Transfer Switch, the system shall function auto-
matically to restore power to designated |oads from the Engine-Generator set.

Other system functions and particulars of operation shall be as herein specified, as noted on the drawings, or
as evidently intended by the specification of equipment herein.

1.3 SUBMITTALS

A.

Shop drawings shall be submitted for each item of equipment to be furnished. Submittals shall be in sufficient
detail to demonstrate full compliance with these specifications and provide complete details of the intended
installation.

Submittal shall include complete control wiring diagrams and piping diagrams.
Submittal shall include detailed, dimensioned shop drawings of the Engine-Generator set and all accessories
including, but not limited to, fuel system components, system remote monitors, instrument panels, and silenc-

ers.

Submittal shall include time-current characteristic curve for generator breaker.

PART 2 - PRODUCTS

2.1 MANUFACTURER

A.

08/01/09

This specification and the drawings are based upon equipment manufactured by Kohler as abasis of quality,
function, size and performance. Equivalent products of Cummins-Onan, Detroit Diesel and Caterpillar are a-
S0 acceptable upon written approval of the Architect/Engineer within 10 days of bid date. The Engine-
Generator set assembler shall be the prime manufacturer of either the diesel engine or the generator. The
manufacturer shall maintain, within 100 miles of the site, a qualified parts and service organization with per-
sonnel factory trained to diagnose and repair the engine and the generator.

Miscellaneous system components shall be as furnished through and recommended by the system installers
for proper function of the system.
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C. Products specified are intended to establish minimum required standards of quality and function, and the stan-
dard features of those products shall be considered part of this specification. Similar and equal products by
other manufacturers will be considered for approval.

2.2 ENGINE-GENERATOR SET

A. Rating of the emergency generator set shall be based on operation of the set when equipped with all necessary
operating accessories such as air cleaners, lubricating oil pump, fuel transfer pump, fuel injection pumps,
jacket water pump, governor, aternating current generator, exciter, and supercharger, if used. The set shall be
rated asindicated on the drawings for "stand-by" or "continuous stand-by" service; however, the rating shall
not exceed 115% of the manufacturer's published " prime power" rating with al accessoriesincluded. Rating
shall be asindicated on the drawings. Multiple unitsin parallel are unacceptable.

B. All materialsand parts comprising the units herein specified shall be new and unused, of current manufacture,
and of the highest grade, free from all defects or imperfections affecting performance. It istheintent of these
specifications to secure adiesal electric generator set which can be properly maintained and serviced without
the necessity of the purchaser carrying expensive parts stock, or being subjected to the inconvenience of long
periods of interrupted service due to lack of available parts. The manufacturer shall maintain permanent parts
depots from which the parts may be obtained in necessary quantities at any time.

C. Thediesd engine shall operate satisfactorily on commercial grade #2 diesel oil and shall be of the vertical,
multi-cylinder, two or four cycle, solid injection full diesel type, with moving parts housed. The maximum
speed of the engine in the service anticipated shall not exceed 1800 RPM. The lubrication system shall be of
the forced type. The cylinder liners of the engine shall be removable. The crankshaft shall be fully counterba-
lanced with all bearing surfaces tocco-hardened or equal. There shall be one more main bearing than there are
number of cylinders for an engine or pairs of cylindersfor aVV-engine. The complete diesel engine generator
unit shall be free from critical and torsional vibration within the operating speed range. The fuel injection sys-
tem for the engine shall be of the low pressure type with the pressure in the single rail to all injectors not to
exceed 300 PSl. Each engine shall be furnished with the following accessories: full flow ail filter, dry type
air filter, replaceable element fuel filter, e ectronic governor to maintain engine speed within 0.5% from no
load to full load, remote (outdoor) mounted fan and radiator suitable for cooling in 104 degree F. ambient
temperature, a battery charging generator and regulator with a capacity of at least 20 amps, and one or more
jacket water heaters, thermostatically controlled to maintain coolant temperature at 90 degrees . shall aso be
provided.

D. Theaternator shall be designed and built in accordance with applicable NEMA and |IEEE Standards. With a
preload of 80% of the alternator rating at 125°C, the aternator shall have the ability to start and run a 125 hp
fire pump, with aWye-delta closed transition starter, at less than 15% voltage dip. The alternator shall also be
capable of full voltage start of the fire pump at less than 35% voltage dip with the specified preload. The alter-
nator shall be oversized if necessary to meet these requirements. Documentation showing this ability shall be
included in generator set submittal. The alternator voltage output and configuration shall be asindicated on the
drawings. The aternator shall be a brushless type, voltage and frequency regulated, 0.8 power factor rated,
drip-proof machine. Insulation shall be NEMA Class H and maximum temperature rise at continuous opera-
tion under the rated load shall not exceed the NEMA standard rise for this class of insulation. The generator
shall have adirect connected exciter and double sealed, pre-lubricated ball bearings. Voltage regulation shall
be within +2% of rated voltage from no load to full load. The generator neutral shall be grounded or un-
grounded as indicated on the drawings.

E. Control panes shall be mounted on or adjacent to the generator and shall be completely assembled and wired
by the manufacturer inaNEMA | A enclosure. The panel shall include alube oil pressure gauge, water tem-
perature gauge, engine hour meter, lube oil temperature gauge and an ammeter for battery charging generator.

2.3 LOAD SHED CONTROLS
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A. Provideload shed controls for reducing the load on the generator in case of overload by load shedding the
equipment system automatic transfer switch. These controls shall comply with the requirements of NEC
700.5(B).

2.4 STARTING BATTERIES

A. Provide aminimum of two 12 volt batteriesin series (24 volts) of sufficient capacity for the ambient require-
ments of theingtallation and a 60 second continuous cranking period, but not less than 200 ampere-hours
each. Batteries shall be rack or tray mounted on or adjacent to the engine-generator.

B. Provide awall mounted high-low rate battery charger for each unit, complete with DC voltmeter and ammeter,
and high-rate signal light. High rate output shall be 10 amps. LaMarche A46 or approved equal.

2.5 EXHAUST SYSTEM

A. A Maxim or approved equal critical exhaust silencer shall be furnished with each engine. The silencer shall
be designed for horizontal mounting and shall be suspended from the overhead structure. Provide all neces-
sary piping anchors, guides and hangers with special attention to thermal expansion. An 18 inch section of
flexible exhaust pipe shall be provided for each engine exhaust outlet. All other exhaust piping shall be black
iron of a size recommended by the engine manufacturer. Vertical sections of exhaust piping shall be fitted
with suitable condensate traps with drain valves, and exhaust outlets shall be equipped with aflapper typerain
caps.

B. Insulation materialsfor exhaust piping above ground shall be 4” thick premolded calcium silicate insulation
suitable for 1200 degrees F. Flanges and expansion joints shall be covered. Bends and fittings shall be cov-
ered by an equivalent thickness of premolded mineral wool insulation covers. Joints between sections of pipe
covering shall be pointed up with insulating cement. Sections of molded insulation shall be held in place by 16
gauge annealed iron wire placed not more than nineinches on center. All insulation in dry areas shall be cov-
ered with a canvasjacket. The jacket shall be stretched tight and smooth. All seams shall be located in the
least visible position. All insulation exposed to dampness or moisture shall be finished with a 0.016 smooth
aluminum jacket with performed aluminum fitting covers.

2.6 FUEL SUPPLY SYSTEM
A. Thefuel supply system shall consist of a skid mounted fuel storage tank, fuel pump, and all necessary piping
and accessories to ensure constant priming, immediate starting, and constant supply of fuel to the engines, all
in strict accordance with NFPA Standard No. 30, the North Carolina State Building Code and the Environmen-
tal Protection Agency.
B. Each engine shall be equipped with a gear driven fuel pump.

C. Copper piping shall be used for supply and return lines between the fuel tank and the engine. Short lengths of
flexible copper or brass tubing shall be used for the engine connections.

D. Skid Mounted Fuel Storage Tank:

1. Theskid mounted fuel storage tank shall be of double wall construction to provide secondary  con
tainment of fuel in event of aweld seam failure in the fuel storage section of the tank. Rup ture basin
section of tank shall be aminimum of 10% of the actua fuel tank capacity. Tank ca  pacity shall be
500 gallons minimum.

2. Tank design shall incorporate use of channel or |-beam structural steel side rails common to both fuel
tank and rupture basin. Siderails shall allow aminimum of 3" between fuel section  and rupture basin
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bottom. Internal tank crossmembers as well as rupture basin crossmembers  shall berelieved to allow
fuel to flow equally through tank. Crossmembers shall be sized accor  dingly to support generator and
equipment mounted on tank floor. A minimum of 4 points shall be provided and sized for lifting com
plete unit tank (dry), generator set and accessoriesasone  unit. Conduit stub-up sleeves shall be pro
vided and sized accordingly. This sleeve shall not compromise the secondary containment criteria pre
viously stated.

Materials shall meet ASTM A36 standards. Tank sheets shall be aminimum of 10 gauge steel  (.1344").
All materials shall be new and rust free.

Construction of the tank shall bein 2 steps. The fuel tank section shall be constructed, deburred and
pressure tested at aminimum of 10 psi prior to construction of rupture basin section. Rupture basin - sec
tion shall aso be constructed, deburred and pressure tested at a minimum of 10 psi. Any defects areto
be repaired and retested. All welds shall be continuous MIG or dua shield type.

Tank shall include:

a) 2inch NPT manua fill with cap.

b) Mechanica fuel level sight gauge located to allow monitoring during filling process or
overfill protection.

¢) Fud pick-up and return fittings.

d) Flexible supply and return fuel lines shall be provided between tank and engine. A solenoid
vave shall be provided in the supply line to conform to the applicable requirements of
NFPA Standard No. 30.

€) 3/4inch NPT vent with screen mushroom cap shall be provided for fuel storage and rupture
basin sections of tank.

f) A minimum of four holes, 3/4" diameter, 2 per Side, shall be provided for anchoring pur
posesin siderail lower flange.

0) Lesk detection device mounted in secondary containment with dry contacts to annunciate
in computer room.

h) Low fuel aarm contact to annunciator in computer room with 3 hours of fuel oil.

6. Tank shall be sized for 48 hour storage capacity at full rated output of generator set.

2.7 REMOTE ANNUNCIATOR

A.

A Remote Annunciator shall be provided for the Engine-Generator set to indicate status of the set with LED
indicating lamps and an audible signal for alarm conditions. The Annunciator shall be flush wall mounted as
indicated on the drawings. Suitable engraved nameplates shall be provided for identification.

Green LED's shall indicate Normal Battery Voltage, Generator Running, and Generator Supplying Load.
Red LED's shall indicate High Battery Voltage, Low Battery Voltage, and Battery Charger Mafunction.

Yellow LED's with audible alarm shall indicate Oil Pressure Approaching Low Limit and Coolant Tempera-

ture Approaching High Limit.
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E.

Red LED's with audible alarm shall indicate Engine Shutdown due to Low Oil Pressure, High Coolant Tem-
perature, and Overspeed.

Red LED's with audible alarm shall indicate Low Engine Temperature, Overcrank, and Low Fuel Level.
A flashing red LED with audible alarm shall indicate that Engine Control Switchisnot in the "Auto" position.

"Silence" and "Lamp Test" switches shall be included.

2.8 REMOTE ENGINE SHUTDOWN

A.

Provide remote engine shutdown switch including fuel flow cutoff located adjacent to the generator system
remaote annunciator.

2.9 OUTDOOR ENCLOSURE:

A.

The enclosure shall be 14 gauge formed construction, modular design, gasketed roof bolts, plush rain lege on
four sides. All bolts shall be 3/9" cadmium plated with lock washers. Hinges shall be continuous type with
1/4" brasspins.

Theroof shall be flanged lap raintight construction, complete with roof tiffeners. The doors shall be full
length piano hinged with fixed open air intake louvers, and equipped with adjustable plated pad-type latches
and matched keys and rubber door stops.

There shall be sufficient doors on each side and on rear to gain easy accessto all components of the set.
Hinged radiator fill access door and radiator core guard, drip flange and gasketed exhaust exit shall be pro
vided.

Complete enclosure shall be primed with two coats of zinc-chromate and finished and painted with two coats
of enamel.

All doorsand air intake louvers shall be equipped with plated pad-type latches and matched keys. Vents and
louvers shall be screened.

The enclosure shall include all necessary battery racks and cables, lights, and suitable base. Enclosure shall be
securely anchored to the base.

Exhaust piping need not be insulated inside enclosure or on enclosure roof, but "DANGER - HIGH
TEMPERATURE EXHAUST" warning signs shall be provided. Signs shall be of a permanent type, of a suf
ficient number and located so asto alert both qualified and non-qualified persons.

PART 3- EXECUTION

3.1 INSTALLATION

A.

B.

All installation shall be as recommended by the Engine-Generator manufacturer for proper operation.

For the Engine-Generator Set provide araised concrete foundation as recommended by the Engine-Generator
manufacturer. Provide spring-type vibration isolators and anchor bolts between the concrete foundation and
the base of the Engine-Generator.

08/01/09 ENGINE-GENERATOR SY STEM 16620 -5



GUILFORD COUNTY NEW DETENTION CENTER, GREENSBORO, NORTH CAROLINA
PROJECT NO. 461020, DHSR-J201-MA/TS

3.2 TESTING

A. After instalation of the complete unit, a4-hour load performance test including 1/2 hour at full load and final
adjustments shall be performed by, or under the direct supervision of, afactory trained service technician,
provided by the manufacturer of the diesel Engine-Generator set. The contractor shall provide the necessary
lube oil for the engine, and a permanent anti-freeze solution in the cooling system to protect from freezing to -
20 degrees F. The contractor shall provide aload bank for the performance test of the Engine-Generator Sys-
tem. The Main Fuel Storage Tank shall befilled after the tests are successfully completed.

3.3 MANUALS

A. Complete parts lists, schematic diagrams, and operating and mai ntenance manuals shall be supplied to the
Owner inthree (3) copies.

3.4 MANUFACTURER'S RESPONSIBILITIES

A. System components shall be furnished through an authorized representative of the manufacturer of the En-
gine-Generator Sets who shall be responsible through, and with, the Electrical Contractor for the proper instal-
lation and application of the system, and for service during the warranty period.

END OF SECTION 16620
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