


plotted in ink on vellum. The lettering shall be legible and no smaller than 0.075 inch
1n height. Diagrams shall carry a uniform and coordinated set of wire colors, wire
numbers, and terminal block numbers. The shop drawings shall include the
following as a minimum:

1. Electrical one-line diagrams detailing all devices associated with the power
distribution system. The following applicable information or data shall be
shown on the one- or three- line diagram: location, size and amperage rating
of bus; size and amperage rating of wire or cable; breaker ratings, number of
poles, and frame sizes; power fail and other protective devices; fuse size and

type.

2. Elementary (wiring) diagrams shall be provided for all relay logic,
programmable logic controls, motor controls, power supplies, and other
wiring. All elementary (wiring) diagrams shall be drawn in JIC EMP/EGP
format and standards showing ladder rung numbers and coil and contact cross
referencing numbers.

3. Enclosure and Elevation layout diagrams shall be provided to show all
deadfront, front panel and backpan devices drawn to scale. Show fabrication
methods and details; including material of construction, paint color, support
and latching mechanisms, fans and ventilation system. Submit base plan
showing conduit entrance areas and bolt hole locations.

4. Submit full size drawing of all nameplates and tags, as specified herein, to be
used on project. The Engineer has the right to adjust nameplate engraving
titles during submittals at no additional cost to the Owner. Submittal to
include the following:

Dimensions of nameplate.

Exact lettering and font for each nameplate.

Color of nameplate.

Color of lettering.

Materials of construction.

Method and materials for attachment.

Drawing showing location of nameplates on each, panel and
enclosure.

@ o o o

PART 2: PRODUCTS
201 QUALITY

A. Ttisthe intent of the Contract specifications and drawings to secure the highest quality in all
materials and equipment in order to facilitate operation and maintenance of the facility. All
equipment and materials shall be new and the products of reputable suppliers having
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2.02

adequate experience in the manufacture of these particular items. For uniformity, only one
manufacturer will be accepted for each type of product.

All equipment shall be designed for the service intended and shall be of rugged construction,
of ample strength for all stresses which may occur during fabrication, transportation,
erection, and continuous or intermittent operation. All equipment shall be adequately stayed
and braced and anchored and shall be installed in a neat and workmanlike manner.
Appearance and safety, as well as utility, shall be given consideration in the design of details.
All components and devices installed shall be standard items of industrial grade, unless
otherwise noted, and shall be of sturdy and durable construction suitable for long, trouble
free service. Light duty, fragile and competitive grade devices of questionable durability
shall not be used.

Products that are specified by manufacturer, trade name or catalog number establish a
standard of quality and do not prohibit the use of equal products of other manufacturers
provided they are favorably reviewed by the Engineer prior to installation.

Underwriters Laboratories (UL) listing is required for all substituted equipment when such a
listing is available for the first named equipment.

When required by the Contract Specifications or requested by the Engineer, the Contractor
shall submit equipment or material samples for test or evaluation. The samples shall be
furnished with information as to their source and prepared in such quantities and sizes as may
be required for proper examination and tests, with all freight and charges prepaid. All
samples shall be submitted before shipment of the equipment or material to the job site and
in ample time to permit the making of proper tests, analyses, examinations, rejections, and
resubmissions before incorporated into the work.

NAMEPLATES & TAGS

Equipment exterior nameplates - Nameplate material shall be rigid laminated black plastic
with beveled edges and white lettering; except for caution, warning, and danger nameplates
the color shall be red with white lettering. The size of the nameplate shall be as shown on the
drawings. No letters are allowed smaller than 3/16". All nameplates located outdoors shall
be UV resistant. Securely fasten nameplates in place using two stainless steel screws if the
nameplate is not an integral part of the device. Epoxy cement or glued on nameplates will not
be acceptable. Engrave the nameplates with the inscriptions as approved by the Engineer in
the submittal.

1. For each major piece of electrical equipment provide a manufacturer's nameplate
showing the Contract specified name and number designation, and pertinent ratings
such as voltage, # of phases, ratings, etc.

2. For each device with a specific identity (pushbutton, indicator, instrument, etc.)
mounted on the exterior or deadfront of a piece of equipment provide a nameplate
with the inscription as shown in the Contract documents.
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3. Where no inscription 1s indicated in the Contract documents, furnish nameplates with
an appropriate inscription providing the name and number of device.

B. Equipment Interior Nameplates - Nameplate material shall be clear plastic with black
machine printed lettering as produced by a KROY or similar machine; except caution,
warning, and danger nameplates shall have red lettering. The size of the nameplate tape shall
be no smaller than 1/2” in height with 3/8" lettering unless otherwise approved by the
Engineer. Securely fasten nameplates in place on a clean surface using the adhesion of the
tape. For each device with a specific identity (relay, module, power supply, fuse, terminal
block, etc.) mounted in the interior of a piece of equipment provide a nameplate with the
inscription as shown in the Contract documents. Where no inscription is indicated in the
Contract documents, furnish nameplates with an appropriate inscription providing the name
and number of device used on the submittal drawings. Stamp the nameplates with the
inscriptions as approved by the Engineer in the submittal.

C. Equipment Tags - When there is no space or it is impractical to attach an engraved plastic
nameplate with screws, as is the case with most field devices and instruments, the Contractor
shall attach a tag to the equipment with the same inscriptions as specified above in paragraph
A. The tag shall be made from stainless steel material and the size of the nameplate shall be
no smaller than 3/8"h x 2"w with 3/16" machine printed or engraved lettering unless
otherwise approved by the Engineer. The tag shall be attached to the equipment with
stainless steel wire of the type normally used for this purpose.

2.03 COMPONENTS
A. SWITCHES AND PUSHBUTTONS

1. Switches (HS) and pushbuttons (HC) for general purpose applications shall
be water and oil tight as defined by NEMA 4X, corrosion resistant as defined
by NEMA ICS 6-110.58, U.L. listed, standard 30 mm diameter, with plastic
holding nut.

2. Switches and pushbuttons shall have contacts rated NEMA A600 or 10
amperes continuous and 600 VAC. Provide NO and NC contacts as required.

3. Engraved black legend plates shall be provided to define each switch and
pushbutton function.

4. Selector switch handles and pushbutton caps shall be black unless otherwise
noted on drawing. Lock-out stop caps shall be red.

5. Selector switches for hand-off-auto (HOA) applications shall have the hand
position to the left, off in center, and auto in the right position.

6. Pushbuttons and selector switches in hazardous locations shall have
hermetically sealed contacts or explosion proof enclosures.
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7.

8.

Lockout stop pushbuttons shall include padlocking attachment. Pushbutton
type shall be coordinated with padlock attachment type.

Switches and pushbuttons shall be Allen-Bradley 800H, or approved equal.

B. INDICATING LIGHTS

1.

7.

Indicating Lights for general purpose applications shall be NEMA 4X,
corrosion resistant as defined by NEMA ICS 6-110.58, U.L. listed, 30 mm
diameter, with plastic lens, plastic holding nut, and miniature bayonet lamp
base.

Lamp shall be full voltage 120 VAC with 28 chip (min) High Intensity LED.

Indicating lights shall have contacts rated NEMA A600 or 10 amperes
continuous and 600 VAC. Provide NO and NC contacts as required.

Engraved black legend plates shall be provided to define each lights function.

Indicating light type and color of lens shall as follows or as otherwise shown
on the Contract Drawings:

a Open/On Green

b Closed/Off Red

c. Alarm Amber or Blue
d Power On White

Indicating lights designated "PTT" on wiring diagram or shown with push-to-
test wiring shall be provided with a push-to-test switch and wiring.

Indication lights shall be Allen-Bradley 800H, or approved equal.

C. RELAYS AND TIMERS

1.

General: Relays and timers shall be provided with N.O. or N.C. contacts as
shown on the Contract drawings. All spare contacts shown shall be provided.
Contacts shall be rated 10 amps minimum at 120 VAC, 60 Hz unless
otherwise shown on the Contract drawings. Coil voltage shall be 120 VAC
unless otherwise described or shown on the Contract drawings. Relays and
timers shall be designed for continuous duty. All relays shall be U.L. listed.
All relays and sockets shall be the product of a single manufacturer. The
following is a summary of abbreviations associated with relays and timers:

CR — Control relay

TR — Timing relay

TDOE - Time delay on energization
TDOD - Time delay on de-energization
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PFR — Power Fail Relay

2. Sockets for plug-in relays and timers shall be standard industrial type din rail
mount with barrier type pressure plate screw terminals. Sockets shall be rated
300 VAC, 10 amps minimum.

a. Blade 8 or 11 pin for coil voltage above 90 volts AC or DC.
b. Octal 8 or 11 pin for coil voltage below 90 volts AC or DC.

3. Control relays (CR) shall be plug-in type with neon indicating lights and clear
see-through sealed housing to exclude dust. Provide IDEC Type RR, or
approved equal. Two form-C contacts (minimum) shall be provided on each
relay.

4. Time delay relays on energization (TR-TDOE) shall be solid state plug-in
relays with adjustable timer ranges from 1 second to 10 hours selectable
unless other ranges are shown. Provide LED timer energized indicator lamp.
Time delay relays shall be IDEC RTE, or approved equal.

5. Time Delay Relays (TR-TDOD)

a. Time delay relays on de-energization (TR-TDOD) (continuous power -
control input) shall be solid state plug-in relays with a timer
adjustable range from 1 second to 10 hours selectable unless other
ranges are shown. Provide LED timer energized indicator lamp.
Time delay relays shall be IDEC RTE, or approved equal.

b. Time delay relays on de-energization (TR-TDOD) (true off) shall be
solid state plug-in relays with a timer adjustable range from 1 second

to 10 minutes unless other ranges are shown. True off time delay
relays shall be IDEC GT3F-2, or approved equal.

6. Power fail relay (PFR) shall continuously monitor the three phases for power
loss, low voltage, phase loss, and phase reversal. The PFR shall interface to
the control circuit with SPDT contacts rated for 4 Amps at 120 VAC. The
power fail monitor shall have a drop-out voltage adjustment, and status
indicating LEDs. Power fail monitor shall be Time Mark 258 with 8 pin
octal smart socket and hold down clamp, no equal.

D. CIRCUIT BREAKERS

1. Circuit breakers shall be of the indicating type, providing ON, OFF and TRIPPED
positions of the operating handle. Circuit breakers shall be quick-make, quick-break,
with a thermal-magnetic (TM) action, except when protecting motor feeders where
motor circuit protector (MCP) breakers with adjustable magnetic trip shall be used.
Where indicated, provide breakers with ground fault (GFI) trip function.
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2.04

Circuit breakers shall be the bolt-on type. The use of tandem or dual circuit breakers
in a normal single-pole space to provide the number of poles or spaces specified are
not acceptable. All multiple-pole circuit breakers shall be designed so that an
overload on one pole automatically causes all poles to open.

Each 480 volt circuit breaker shall have a minimum interrupting capacity of 42,000
amperes or as otherwise shown in the drawings. Each 120 or 208 or 240 volt breaker
shall be rated for a minimum 10,000 amperes interrupting capacity. Breakers shall be
sized as shown on Drawings and as necessary for the supplied equipment.

Circuit breakers and motor circuit protectors shall be manufactured by Cutler-
Hammer, G.E., ITE, or approved equal.

MOTOR STARTER

1.

Motor starters shall be NEMA rated of size shown on the Drawings. Coil voltage
shall be 120 volts AC or as shown otherwise in elementary drawings. Provide
auxiliary contacts as required per the elementary diagrams. Motor starters shall
include contactor and overload relay as a package unit or as separate pieces to
accommodate for special switching requirements. Motor starters shall be Cutler
Hammer Freedom, Square D, GE or equal.

SURGE SUPPRESSOR

1.

The surge suppressor shall be rated for use on a 480 VAC, 3 phase WYE system or
240 VAC, 3 phase Delta system. The nominal line voltage of the surge suppressor
shall be 277V L-N with a maximum continuous line voltage of 320V L-N. The surge
suppressor shall dissipate a minimum of 80,000 amps single pulse surge current over
a 8x20 usec period. The surge suppressor shall dissipate a minimum of 2560 joules
transient energy per phase. Provide external fusing as required by the manufacturer
for proper operation. The surge suppressor shall be Leviton 32277-DY3, or approved
equal.

LEVEL COMPONENTS

CONDUCTANCE LEVEL RELAY

1.

Probe Relay

a. Probe relay shall be 120 VAC powered and have four 8§ amp SPDT relay
outputs, one assigned to each input channel. The relay shall be wired to
use 5 probe devices for directing acting service. Provide UL listed
Warrick Series 63 or approved equal.

b. The probe relay shall be a solid state relay that uses the conductivity of the
measured fluid to complete the circuit. If fluid is in contact with the
probe, the relay shall actuate. Probe relay shall be 120 VAC powered and
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2.05

2.06

2.

have a 10 amp SPDT relay output and an 8 pin octal base. Provide
Warrick Series 16 or approved equal.

Probes

a. The probes shall be wire suspended type consisting of metallic bars within
a protective plastic shield. The probes shall be suspended above or within
the fluid via PVC insulated wires. Probe length to be shipped at 35’ (min)
length to be cut in field to achieve levels defined by Civil plans. Provide
Warrick Series 3W probes, with 3Z1A wire and 3Z1B adaptor kit and 3B
fittings.

b. The probe holder shall be constructed of die cast aluminum housing with
epoxy coated finish. The housing shall be mounted via a flange fitting.
The probe holder shall be capable of holding 1 to 7 probes. Provide
Warrick model 3N or equal.

DEVICES

SWITCHES

1.

General purpose specification grade switches shall be manufactured in accordance
with UL 20. Switches shall be one pole rated, 20 amps, at 277 VAC, 1HP at 120
VAC, 2 HP at 240 VAC. Switches shall have copper alloy contact arm with silver
cadmium oxide contacts. Switches shall have slotted terminal screws and a separate
green grounding screw. Provide Leviton 1221, or approved equal.

Special purpose switches shall be provided with the amperage, voltage, and
configuration as shown on the Drawings. Switches used as motor disconnects for
single phase motors shall be horsepower rated.

RECEPTACLES

1.

General purpose receptacles shall be duplex and rated 20 amps, 120 VAC, 2 pole,
3 wire grounding, NEMA 5-20R configuration, specification grade, and side
wired to screw terminals. Face color shall be ivory. General purpose receptacles
shall be specification grade Leviton 5362-1 or approved equal.

GFI (ground fault circuit interrupting) receptacles shall be used in all boxes shown
as weatherproof. GFI receptacles shall be duplex, 20A, 120V, with "test" and
"reset" buttons with shallow design for mounting and standard screw terminals for
direct wiring. “Daisy Chain” connecting multiple receptacles from one GFI unit
1s not acceptable. GFI receptacles shall be Leviton 8898, or approved equal.

UTILITY METERING PANEL

A.

Metering Panel
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1. Provide totally metal enclosed front accessible, self contained meter/main
power utility metering panel. Voltage, phase, AIC and continuous amperage
rating shall be as shown on Contract Drawings. Panel will include meter
socket, factory installed main breaker(s) and test by-pass facility.

2. Design entrance features per NEC, local codes, and serving Utility
requirements.
3. Metering enclosure shall be NEMA 3R construction for underground utility

service. Enclosure shall be manufactured from galvanized 14 ga. (min) sheet
steel. The cabinet shall be finished with ANSI 61 gray paint.

4. Utility metering switchboard shall be Cutler Hammer Pow-R-Line, Tesco
Metering Switchboard or approved equal.

PART 3: EXECUTION

3.01 WORKMANSHIP

A.

B.

All work in this Section shall conform to the codes and standards outlined herein.

The Contractor shall employ personnel that are skilled and experienced in the
installation and connection of all elements, equipment, devices, instruments,
accessories, and assemblies. All installation labor shall be performed by qualified
personnel who have had experience on similar projects. Provide first class
workmanship for all installations.

Ensure that all equipment and materials fit properly in their installations.

Perform any required work to correct improper installations at no additional expense
to the Owner.

The Engineer reserves the right to halt any work that is found to be substandard or
being installed by unqualified personnel.

Keep the premises free from accumulation of waste material or rubbish on a daily
basis. Upon completion of work, remove materials, scraps, and debris from the
premises and from the interior and exterior of all devices and equipment. Refinish
damaged surfaces to new condition using skilled craftsmen of the trades involved at
no additional cost to the Owner.

All equipment installed by the Contractor shall be in accordance with the Drawings
and the manufacturer's recommendations & instructions and shall operate to the
Engineer's satisfaction. Follow all manufacturers’ instructions for handling,
receiving, installation, and pre-check requirements prior to energization. After
energization, follow manufacturer’s instructions for programming, set-up and
calibration of equipment. The Contractor shall be responsible for, and shall correct by
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repair or replacement, at his own expense, equipment that, in the opinion of the
Engineer has been caused by faulty mechanical or electrical assembly by the
Contractor. Necessary tests to demonstrate that the electrical and mechanical
operation of the equipment is satisfactory and meets the requirements of these
Specifications shall be made by the Contractor at no additional cost to the Owner.

3.02 CONSTRUCTION METHODS, GENERAL

A. All field wires and panel wires shall be per specification Section 16120 - Wire, Fuses
& Terminal Blocks.

B. Equipment shall be wired and piped by the manufacturer or supplier. Major field
modifications or changes are not allowed without the written "change order"
authority by the Engineer. When field changes are made, the components, materials,
wiring, labeling, and construction methods shall be identical to that of the original
supplied equipment. Contractor's cost to replace or rework the equipment to match
original manufacturer or supplier methods shall be done at no additional cost to the
Owner.

C. Mating fittings, bulkhead fittings, plugs, connectors, etc. required to field interface to
the equipment and panels shall be provided by the supplier when the equipment is
delivered.

D. All electrical and instrumentation drawings associated with the equipment shall be
provided with the equipment when it is delivered to the job site. Drawings for each
piece of equipment shall be placed in clear plastic packets of sufficient strength that
will not tear or stretch from drawing removal and insertion.

3.03 EQUIPMENT FABRICATION, GENERAL

A. Panel cutouts for devices (i.e. indicating lights, switches) shall be cut, punched, or
drilled and smoothly finished with rounded edges. Exposed metal from cutouts that
are made after the final paint finish has been applied shall be touched up with a
matching paint prior to installing device.

B. All doors shall be fully gasketed with nonshrinkable, water and flame resistant
material.

C. Bolts and screws for mounting devices on doors shall be as specified by the
manufacturer; otherwise they shall have a flush head which blends into the device or
door surface. No bolt or screw holding nuts shall be used on the external surface of

the door.
D. No fastening devices shall project through the outer surfaces of equipment.
E. Each component within the equipment shall be securely mounted on an interior

subpanel or backpan and arranged for easy servicing, such that all adjustments and
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component removal can be accomplished without removing or disturbing other
components. Mounting bolts and screws shall be front located for easy access and
removal without special tools. Access behind the sub panel or backpan shall not be
required for removing any component.

F. A ground bus shall be provided in each enclosure or cabinet. It shall have provisions
for connecting a minimum of ten grounding conductors. Screw type lugs shall be
provided for connection of grounding conductors. All grounding conductors shall be
sized as shown on plans or in accordance with NEC Table 250-95, whichever is
larger.

G. Minimum wire bending space at terminals and minimum width of wiring gutters shall
comply with NEC tables 373-6 (a) & (b).

H. Future device and component mounting space shall be provided on the door,
backpan, and subpanel where detailed on the Drawings. Where no detail is shown,
provide a minimum of 15 percent usable future space.

L Doors shall swing freely and close with proper alignment.
3.04 EQUIPMENT SHIPMENT AND STORAGE

A. Shipment -- Any equipment whose destination (jobsite) is more than 25 miles from
the factory shall be carefully protected for shipping. All openings shall be protected
by plywood securely fastened to the framework of the equipment. Equipment shall
be adequately covered during local delivery.

B. Storage -- From the time of receipt until the equipment is installed and energized, the
equipment shall be considered in storage. While in storage, a 120V, 1 phase source
of power shall be made available and connected to space heaters in all items of
equipment so equipped. Equipment not provided with space heaters shall be provided
with a light bulb or electric heater while in storage to prevent moisture condensation.

Unless stored indoors, it shall be a least 1 foot above grade covered with at least 2
layers of heavy polyethylene plastic sheets and anchored to prevent damage by high
winds. All equipment shall be protected from dust and moisture prior to and during
construction.

3.05 TESTING

A. The Contractor shall test the panel in the presence of the Engineer. The Engineer
will expect to see all functions possible on the day of the test. Functions that are not
capable of actual testing, will be required to be simulated.

3.06 DAMAGED PRODUCTS
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A. Damaged products will not be accepted. All damaged products that cannot be
repaired to the satisfaction of the Owner shall be replaced with new products at no
additional cost to the Owner.

B. Minor cosmetic damage shall be repaired by spray painting, after properly preparing
the surface, all scratches or defects in the finish of the equipment. Only identical
paint furnished by the equipment manufacturer shall be used for such purposes.

3.07 FASTENERS

A. Fasteners for securing equipment to walls, floors, and the like shall be stainless steel.
The minimum size fastener shall be 3/8 inch diameter.

B. Concrete pad with stainless steel anchor bolts shall be provided for the MCC.

3.08 INSTALLATION, GENERAL

A. The Engineer or Owner will direct the energization and de-energization of all
existing and new equipment. The Contractor is not authorized to energize or de-
energize any equipment unless he has been given written permission to do so or
while in the presence of qualified Staff.

1. Any equipment that is under repair, demolition or installation shall be locked
off and tagged out of service with Contractor supplied padlocks and tags.

B. Install all products per manufacturer's recommendations and the Drawings.

1. Provide all necessary hardware, conduit, wiring, fittings, and devices to
connect the electrical equipment provided under other Sections. The
following shall be done by the Contractor at no additional cost to the Owner:

2. Provide additional devices, wiring, conduits, relays, signal converters,
1solators to complete interfaces of the electrical and instrumentation system.

3. Changing normally open contacts to normally closed contacts or vice versa
4. Adding additional relays to provide more contacts as necessary.

5. All programmable devices shall be programmed, set-up and tested by the
Contractor prior to startup. Programming and set-up parameters shall be
adjusted or changed as directed by the Owner or Engineer during start-up and
throughout the warranty period, at no additional cost to the Owner.

6. Coordinate with the Owner and setup all alarm, process, and operation
setpoints.
Rev 0 — Issued for Construction Bear River Ditch Pump Station Electrical Specifications

3/10/06 16010-22 Electrical



7. ‘Keep a copy of the manufacturer’s installation instructions on the jobsite
available for review at all times prior to and during the installation of the
associated equipment.

C. Panels and enclosures:
1. Install panels and enclosures at the location shown on the Plans or approved
by the Engineer.
2. Install level and plumb.
3. Seal all enclosure openings to prevent entrance of insects and rodents.
4. Clearance about electrical equipment shall meet the minimum requirements
of NEC 110.26

D. Conduits and Ducts:
1. Install all conduits and ducts per 16110 - Conduit, Boxes & Grounding.
E. Wiring, Grounding, and Shielding:

1. Observe proper grounding and shielding practices. The shield of shielded
cables shall be terminated to ground at one end only, the origination end. The
shield at the other end shall be encased in an insulated material to isolate it
from ground.

F. Cutting and Patching:

1. The Contractor shall do all cutting and patching required for installing for his
work. Any cutting which may impair the structure shall require prior
approval by the Engineer. Cutting and patching shall be done only by skilled
labor of the respective trades. All surfaces shall be restored to their original
condition after cutting and patching.

G. Cleaning and Touch up:

1. At the completion of the work, all parts of the installation, including all
equipment, exposed conduit, and fittings, shall be thoroughly cleaned of
grease and metal cuttings. Any discoloration or other damage to parts of the
building, the finish, or the furnishings, due to the Contractor's failure to
properly clean the system, shall be repaired by the Contractor without cost to

the Owner.
2. The Contractor shall thoroughly clean any of his exposed work requiring
same.
3. Vacuum and clean the inside of all electrical and instrumentation enclosures
prior to applying power.
Rev 0 — Issued for Construction Bear River Ditch Pump Station Electrical Specifications

3/10/06 16010-23 Electrical



4, The Contractor shall paint scratched or blemished surfaces with the necessary
coats of quick drying paint to match existing color, texture and thickness.
This shall include all prime painted electrical equipment including but not
limited to enclosures, poles, boxes, devices etc.

3.09 OPERATING AND MAINTENANCE INSTRUCTIONS

A. At time of completion, the Contractor shall provide a period of not less than 2 hours
training for instruction of operation and maintenance personnel in the use of systems.
Instruct all personnel at one time in one session. Make necessary arrangements with
manufacturer's representative. Provide product literature and application guides for

user's reference during instruction.

B. Provide six (6) Operation and maintenance manuals bound in a three ring binder and
shall provide at least the following as a minimum.

1. A comprehensive index.

2. A complete "Record" set of favorably reviewed electrical submittals as
provided under subsection SUBMITTAL AND DRAWING
REQUIREMENTS illustrating all components, piping, and electrical
connections.

3. A complete list of the equipment supplied, including serial numbers, ranges,
catalog cuts, and pertinent data.

4. Full specifications on each item.

5. Detailed service, maintenance and operation instructions for each item
supplied. Schematic diagrams of all electronic devices shall be included. A
complete parts list with stock numbers shall be provided for the components
that make up the assembly. All of these shall be originals, no copies.

6. Special maintenance requirements particular to this system shall be clearly
defined, along with special calibration and test procedures.

7. Complete listing of as-built OI and PLC setup and programming listings.

C. At the end of the project these manuals and drawings shall be updated to show "as-
built" conditions.

D. Provide two (2) sets of compact disk (CD) containing all drawings prepared for this
project in AutoCAD format, updated to reflect as-built conditions.

3.10 SPARE PARTS
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3.11

The Contractor shall supply all spare parts prior to start of field tests. All parts shall
be sealed in plastic bags and delivered to the site in a heavy duty plastic storage bag.
Bag shall be clearly labeled with part name & number and the corresponding
equipment tagname.

The Contractor shall make available any replacement parts that are not
manufacturer's normal stock items for immediate service and repair of all the
instrumentation equipment throughout the warranty period.

The following spare parts shall be provided to the Owner as part of this Contract:

Ten (10) fuses for each type of fuse.

Ten (10) lamps for each type of light.

Two (2) relays for each type of control, and time delay relay.
One (1) power fail relay.

v

WARRANTY

A.

The Contractor shall have a staff of experienced personnel available to provide
service on two (2) working days notice during the warranty period. Such personnel
shall be capable of fully testing and diagnosing the hardware & software and
implementing corrective measures. If the Contractor "fails to respond” in two (2)
working days, the Owner at its option will proceed to have the warranty work
completed by other resources; all cost for these other resources shall be reimbursed in
full by the Contractor. "Fail to respond" shall be defined as: The Contractor has not
shown a good faith effort and has not expended adequate resources to correct the
problem. The use of other resources, as stated above, shall not change or relieve the
Contractor from fulfilling the remainder of the warranty requirements.

The Contractor shall warrant all electrical and instrumentation equipment & software
for a period of one (1) year from date of final acceptance. Standard published
warranties of equipment which exceed the preceding specified length of time shall be
honored by the manufacturer or supplier.

Prior to "final acceptance", the Contractor shall furnish to the Engineer a listing of
warranty information for all manufacturers of materials and equipment used on the
project. The listing shall include the following:

1. Manufacturer's name, Material and equipment description, equipment
number, part number, serial number, and model number.

2. Manufacturers service contact person, phone number, and address.

3. Warranty expiration date.
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The Contractor shall provide all labor and material to troubleshoot, replace, or repair
any hardware or software that fails or operates unpredictable during the warranty
period, at no additional cost to the Owner.

The Contractor shall provide to the Owner the names, addresses and phone numbers
of service personnel.

3.12  FINAL ACCEPTANCE

A.

Final acceptance will be given by the Engineer after the equipment has passed the
"final acceptance ftrial period", each deficiency has been corrected, final

documentation has been provided, and all the requirements of design documents have
been fulfilled.

At the end of the project, following the completion of the field tests, and prior to final
acceptance, the Contractor shall provide the following to the Owner:

1. Each "operation and maintenance" manual shall be modified or supplemented
to reflect all field changes and as-built conditions.

Keys: Submit two sets of all keys for locks supplied on this project. Wire all keys
for each lock securely together. Tag and plainly mark with lock number or
equipment identification, and indicate physical location, such as panel or switch
number.

END OF SECTION
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SECTION 16110 -- CONDUIT, BOXES AND GROUNDING

PART 1: GENERAL

1.01

SCOPE OF WORK

A.

The Contractor shall install, ready for use, the conduit, boxes, & grounding system as
specified herein. This document describes the function and operation of the system
and particular components, but does not necessarily describe all necessary devices.
All components and devices shall be furnished and installed as required to provide a
complete operable and reliable system for accomplishing the functions and meeting
the performance set forth hereinafter.

Furnish all required labor, materials, project equipment, tools, construction
equipment, safety equipment, transportation, test equipment, incidentals, and services
to provide a complete and operational conduit, devices, boxes, & grounding system
as shown on the Drawings, included in these Specifications, or required for fully
operating facilities.

Work includes that specified in Section 16010 - Electrical.
The conduit, devices, boxes, & grounding system scope of work includes:

1. Provide and install miscellaneous trenching, conduits, junction boxes, field
interconnection wiring, and associated hardware.

2. Provide all necessary hardware, conduit, wiring, fittings, and devices to
connect the electrical equipment provided under other Sections.

3. Provide disconnect switches at all control panels and motors to disconnect all
sources of power.

1.02 SUBMITTALS AND DRAWINGS

A. Provide submittals and drawings as specified in Section 16010 - Electrical,
SUBMITTAL AND DRAWING REQUIREMENTS.
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PART 2: PRODUCTS

2.01 CONDUIT, RACEWAYS AND WIREWAYS

A. GENERAL - Conduit, raceways, and wireways, wiring methods, materials,
installation shall meet all requirements of the NEC, be UL labeled for the application,
and meet the minimum following specifications.

1. All wiring shall be installed in conduits, raceways, or wireways when
interconnecting equipment and devices.

2. The Contractor shall use special conduit, raceways, wireways, construction
methods, and materials as shown on the Contract drawings; which shall take
precedence over any general methods and materials specified in this Section.

3. The minimum size conduit shall be 3/4-inch unless indicated otherwise on
the Drawings or for special connections to equipment.

4. Conduit stubs for future use shall be capped with coupling and plug. Identify
each end with conduit labels.

5. Conduits to be abandoned that protrude above graded shall be cut flush and
filled with grout.

6. Conduit Tags
a. All conduits listed in the “Conduit and Wire Routing Schedule” shall

have conduit tags at both ends of each conduit run. This shall include
ends within underground pull boxes.

b. All conduits shall have temporary tags during construction.
Temporary tags may be made from duct tape with hand written ink
marking or suitable equivalent. Temporary tags shall be removed by
Contractor at time of installation of permanent tags.

c. Tag material shall be rigid laminated red plastic with white lettering.
The size of the tag shall be 1" diameter. No letters are allowed
smaller than %4”. Tags shall be heat and UV resistant, stainproof,
electrically non-conductive and non-corroding. Securely fasten tags
in place using UV resistant, black plastic tie-wraps. Engrave the tags,
on both sides, with the conduit number as listed in the Conduit and
Wire Routing Schedule. Labeling shall be neatly installed for
visibility and shall be clearly legible. Conduit tags shall be Brady
Custom B-1 or approved equal.

7. Supports
a. Channels shall be cold formed from prime pickled and oiled mild

strip steel. Cross section of a single channel shall be 1-5/8" x 1-5/8"
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and cross-section of a double channel shall be 1-5/8" x 3-1/4". The
channel wall thickness shall be 12 guage.

One-Hole Clamps shall be malleable iron, galvanized for steel
conduits and equipped with clamp-backs. The clamps shall be Efcor,
Thomas and Betts, Appleton or equal

Beam Clamps shall be malleable iron, galvanized, right angle and
parallel types. The clamps shall be manufactured by Efcor, Thomas
and Betts, Appleton or equal

Spacers, provided to support underground conduits in concrete
encasements, shall be plastic. The spacers shall be Carlon, Johns-
Manville, Underground Products or equal

Steel Anchors shall be sleeve and stud types for securing equipment
to concrete foundations, floors and walls. The anchors shall be
Phillips “Red Head,” Diamond or equal

Toggle Bolts shall be steel, spring wing type for securing equipment
to hollow walls and ceilings. Toggle bolts shall be Phillips “Red-
Head,” Diamond or equal

Stanchions shall be structural steel as shown on the drawings, shop
fabricated, coated with a rust inhibiting primer and top coat of gray
polyurethane gloss paint.

Conduit Hangers shall be heavy gauge formed steel, galvanized and
then PVC coated and equipped with carriage bolts, 1/4-inch rods and
nuts. The hangers shall be Efcor, Kindorf, Appleton or equal

U-Bolts shall be heavy gauge steel, galvanized and equipped with two
hexagon steel nuts. The U-bolts shall be Efcor, Kindorf or equal

Fixture Hangers shall be cast iron alloy, cushion type, equipped with
cover, screw terminal blocks, and permits the pendant to swing 20
degrees from perpendicular in any direction. Hangers shall be
Crouse-Hinds Type ALT, Appleton Type ALT, Pyle-National Type
A-2152M or equal

Support material and finish shall be per the following table unless
otherwise noted in the drawings. Brackets, fittings and hardware
shall be of the same material and finish.

Location Material

Indoors NEMA 12 Hot dipped galvanized

Qutdoors NEMA 4 Stainless Steel

Corossive areas PVC bonded, 40 mil, factory applied
NEMA4X

Channels shall be used for mounting equipment to walls and for
supporting conduit runs. Double channel type shall be used for
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fabricating equipment mounting racks as required and as detailed on
the drawings. All field cut surfaces of the channels shall be covered
with matching zinc paint and PVC.

B. GALVANIZED RIGID STEEL CONDUIT - (GRS)

1.

Manufactured from high-strength steel and hot dipped zinc galvanized
inside and out. Conduit shall meet UL standards for Rigid , UL 6 and
conform to NEMA RN 1. Conduit shall be capable of being used as an
equipment grounding conductor per NEC 250-91b.

Provide galvanized rigid steel factory sweeps and elbows for 90 degree
transitions.

Cast fittings and device boxes shall be malleable iron or aluminum.
Appleton type FS/FD or approved equal.

All fittings, hubs, couplings, pulling elbows and connectors shall be
threaded-type; set-screw type and compression-type are not acceptable.

Pipe threads shall be treated with T & B "Kopr-Shield".

Conduits entering enclosures shall be fitted with insulated grounding
bushing; O-Z "HBLG", Appleton "GIB", or approved equal. All grounding
bushings shall be tied to the grounding system with properly sized bonding
conductors per the NEC code.

C. GALVANIZED RIGID STEEL CONDUIT - PVC COATED (GRS-PVC)

1.

Galvanized Rigid Steel conduit with a 40-mil thick polyvinylchloride
exterior coating and a urethane interior coating. The bond of the PVC to
the substrate must be stronger than the tensile strength of the PVC.

Provide PVC coated galvanized rigid steel factory sweeps and elbows for
90 degree transitions.

Cast fittings and device boxes shall be malleable iron or aluminum with a
40 mils thick PVC coating. Robroy type FS/FD or approved equal.

Provide PVC coated threaded-type fittings, hubs, pulling elbows,
couplings, and connectors; set-screw type and compression-type are not
acceptable. Form 8 conduit fittings, %" through 2”, must have a tongue-
in-groove gasket to effectively seal out the corrosive elements.

Pipe threads shall be treated with conduit interior urethane touch up
compound.
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All junction and metal pull boxes shall be galvanized with exterior
surfaces PVC coated to 40 mils thickness.

7. Unistrut, strut clamps, pipe straps, and clamp back spacers, shall have 40
mil thick PVC coating. All mounting anchors shall be stainless steel.

8. Conduits entering enclosures shall be fitted with insulated grounding
bushing; OZ/Gedney "HBLG " or approved equal. All grounding bushings
shall be tied to the grounding system with properly sized bonding
conductors per the NEC code.

9. GRS-PVC conduit to be Robroy Plasti-bond Redhot or approved equal.

D. EMT CONDUIT, ELECTRICAL METALLIC TUBING

1. Shall be thinwall electroplated galvanized steel suitable for indoor and
outdoor use with 90 C wires, and shall conform to UL 797.

2. Where exposed and below 8 feet from floor fittings and device boxes shall
be malleable cast iron or aluminum. Appleton type FS/FD or approved
equal. Where concealed in walls or ceilings or above 8 feet from floor,
device boxes may be stamped steel.

3. All fittings, hubs, couplings, pulling elbows and connectors shall be
compression-type, set screw type are not acceptable.

E. PVC CONDUIT, SCHEDULE 40 or 80 (PVC-40, PVC-80)

1. Shall be high impact schedule 40 or 80 polyvinylchloride suitable for use
underground, direct burial and for use with 90 C wires, and shall conform
to UL 651. Shall be UL listed and labeled for "direct" burial.

2. A copper bonding conductor shall be pulled in each raceway and bonded
to equipment at each end with approved lugs.

3. Each underground run shall be placed in a trench with a five (5) inch sand
bed evenly compacted on all sides, top and bottom unless otherwise noted.

4. Elbows, and risers shall be per exposed conduit transition detail. PVC
conduit is not allowed above ground except where specifically called out
on the drawings.

5. PVC fittings shall have solvent-weld-type conduit connections.

6. PVC conduit shall be stored on a flat surface and shielded from the sun.

F. LIQUID TIGHT FLEXIBLE METAL CONDUIT - (FLEX)
Rev 0 — Issued for Construction Bear River Ditch Pump Station Electrical Specifications
3/10/06 16110-5 Conduit, Boxes and Grounding



6.

Flexible metal conduit shall be liquid —tight, shall have moisture- and oil-
proof PVC jacket extruded over a galvanized, flexible steel conduit, and
shall conform to UL 360.

Connectors:

a. Outdoors when extension of GRS-PVC: PVC coated galvanized
steel with insulated bushings.

b. Outdoors when extension of GRS or PVC: Galvanized steel with
insulated bushings

c. Indoors: Galvanized steel with insulated bushings.

Final connections to vibrating equipment such as motors, heaters and fans
shall be made with liquid tight flexible conduit.

Flexible conduit lengths shall not be greater than 36 inches for sizes up to
2 %" and 48 inches for 3” and larger conduit.

Flexible metallic conduit shall not be considered as a ground conductor,
install a separate wire for equipment bonding.

Flexible conduit shall only be installed in exposed or accessible locations.

2.02 DEVICE BOXES

A. BOXES
1. Device boxes shall be of zinc-galvanized malleable iron or cast aluminum
with shape and size best suited for the particular application, rated for the
location installed, and shall be supported directly to structure by means of
screws, anchors, or bolts.
2. Box dimensions shall be in accordance with size, quantity of conductors,
and conduit clearances per NEC articles 370 requirements.
3. Boxes exposed to the weather or in moist locations shall be weatherproof
(WP) by means of gasketing under a weatherproof cover.
4. Boxes connected to GRS-PVC conduit runs shall be PVC coated with 40
mil coating.
B. DEVICE PLATES and COVERS
1. Indoor general purpose device plates and covers shall be stainless steel. Plates
or covers shall be attached with stainless steel screws. An engraved plastic
label denoting circuit breaker number and panelboard name shall be affixed
to each cover with #4 screws.
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2. Weatherproof switch, outlet, and receptacle boxes shall be fitted with
gasketed covers rated for wet locations in accordance with NEC 408-8. Each
access cover shall have a padlockable cover to maintain security and
weatherproof integrity even when a plug is connected to the receptacle.
Screws and hinge springs shall be stainless steel. Weatherproof access covers
shall be Leviton 5977-CL, Cooper 4966, or approved equal.

2.03 PULL BOXES

A.

B.

JUNCTION BOXES

1. Where required for best installation or where specifically called out in the
drawings, junction boxes shall have JIC type construction with hinged door,
NEMA 4X rating, manufactured of type 304 stainless steel. Door shall be
fastened with stainless steel screws. No devices, screws, rivets, or bolts shall
protrude through the exterior surface unless specifically shown on the
drawings. Boxes shall be Circle AW, or approved equal.

UNDERGROUND BOXES

1. Underground pull boxes, where shown or required by length of conduit runs,
shall be prefabricated concrete type with “Christy Box” size equivalent or
dimensions shown on the Drawings or larger to allow for adequate pull area.
Extension sections shall be provided as necessary to reach the depth of
underground conduits. All boxes shall have galvanized steel hold down bolts
and hardware. Boxes located in paved areas or other areas which vehicles
may travel shall be H/20 loading rated and have traffic covers. Steel covers or
lids shall be galvanized. Pull box covers shall be labeled power, signal,
utility, and telephone, whichever applies. Pull boxes shall be Christy
Concrete Products, Brooks or approved equal.

2.04 GROUNDING SYSTEM

A.

The utility service ground shall be tied to a ground grid consisting of a "UFER"
and/or ground rod type grounding system.

The UFER shall consist of bare copper wire laid or as detailed on the Contract
Drawings.

The ground rod shall consist of not less than 10 continuous feet of 3/4 inch copper
coated electroplated high grade carbon steel. The ground rod shall be a Nehring
type NCC, Weater 348 or approved equal. The ground rod shall extend up for
visible connection of a UL approved “ground clamp” to the ground conductors.

The main ground bonding wire from the ground rod shall extend up into the utility
service panel with readily visible UL approved "ground clamp" attached to the
ground bus.
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E. Install bare copper ground bond wires from the UFER ground to the various
locations shown on the drawings.

F. Ground rod clamps shall be bolt-on type as manufactured by O-Z Gedney type
GRC, or approved equal.

G. Grounding conductors shall be sized as shown on the Plans or in accordance with
NEC table 250, whichever is larger.

H. Grounding and bonding wires shall be installed in all PVC conduits and
nonmetallic raceways and connected to the ground bus and all equipment.

L. Each electrical enclosure shall have a copper ground bus. Screw type fasteners
shall be provided on all ground busses for connection of grounding conductors.
Ground bus shall be a Challenger GB series, ILSCO CAN series or approved
equal.

J. The system neutral conductor and all equipment and devices required to be
grounded by the National Electrical Code shall be grounded in a manner that
satisfies the requirements of the National Code.

K. The system neutral (grounded conductor) shall be connected to the system's
grounding conductor at only a single point in the system. This connection shall be
made by a removable bonding jumper sized in accordance with the applicable
provisions of the National Electrical Code if the size is not shown on the
Drawings. The grounding of the system neutral shall be in the enclosure that
houses the service entrance main overcurrent protection.

L. The secondary on all transformers shall be grounded.

M. All raceway systems, supports, enclosures, panels, motor frames, and equipment
housings shall be permanently and effectively grounded.

N. All receptacles shall have their grounding contact connected to a grounding
conductor.
O. Branch circuit grounding conductors for receptacles or other electrical loads shall

be arranged such that the removal of a lighting fixture, receptacle, or other load
does not interrupt the ground continuity to any other part of the circuit.

P. Attachment of the grounding conductor to equipment or enclosures shall be by
connectors specifically provided for grounding. Mounting, support, or bracing
bolts shall not be used as an attachment point for ground conductors.

PART 3: EXECUTION

3.01 WORKMANSHIP

Rev 0 — Issued for Construction Bear River Ditch Pump Station Electrical Specifications
3/10/06 16110-8 Conduit, Boxes and Grounding



A. All work in this Section shall conform to the codes and standards specified in Section
16010 - Electrical.

B. All installation labor shall be performed by qualified personnel who have had
experience on similar projects. The Supplier shall employ personnel that are skilled
and experienced in the installation of conduits, devices, boxes, grounding system,
accessories, and assemblies. Provide first class workmanship for all installations.

C. Ensure that all equipment and materials fit properly in their installations.

D. Perform any required work to correct improper installations at no additional expense
to the Owner.

E. The Engineer reserves the right to halt any work that is found to be substandard or
being installed by unqualified personnel.

3.02 INSTALLATION
A. System:
1. Install all products per 16010 - Electrical, INSTALLATION, GENERAL.
B. Conduits and Ducts:

1. Exposed conduits shall be neatly arranged with runs perpendicular or level
and parallel to walls. Bends shall be concentric.

2. Installation of the GRS-PVC conduits must be in accordance with the
manufacturer’s installation recommendations. To ensure compliance, the
installer(s) must be “manufacturer certified” before installation can proceed.
Certification available by contacting manufacturer’s representative and
attending a brief instructional course. Rob-Roy representative for Northern
California is Sierra Sales Engineering, www.sierrasales.net. Certification
shall be available for review by the Engineer or Owner upon request.

3. A maximum of three equivalent 90 degree elbows are allowed in any
continuous run. Install pull boxes where required to limit bends in conduit
runs to not more than 270 degrees or where pulling tension would exceed the
maximum allowable for the cable.

4. Route all above grade conduits parallel or perpendicular to structure lines
and/or piping. Conduits installed above grade shall be braced in place with
stanchions. Expansion joints shall be installed every 100 feet. Bends shall be
concentric.

5. Care shall be exercised to avoid interference with the work of other trades.
This work shall be planned and coordinated with the other trades to prevent
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such interference. Pipe and mechanical shall have precedence over conduits
for routing and space requirements.

6. Seal each bottom entrance conduit into the MCC and other electrical
enclosures with plugging compound sealant to prevent the entrance of
gasses, insects and rodents. Plugging compound sealant shall be Gardner
Bender Duct Seal or approved equal.

7. Exposed conduit stubs for future use shall be capped with coupling and
plugged. Drill hole in plug for pull rope as necessary.

8. Explosion proof seal fittings shall be provided on all conduits that enter or
leave hazardous areas per requirements of the National Electrical Code,
Chapter 5. The seal fitting shall prevent hazardous gases and/or flames
from passing from one type area to another through the conduit system.
Ceramic or other non-asbestos fiber material and sealing compound shall
be placed in the fitting to complete the seal.

9. All spare conduits shall have 3/8" nylon pull ropes installed.
C. Excavation and Back Filling:

1. Trenches for conduit below floor slabs and other underground electrical
conduit shall be excavated to the required depths per utility requirements or
specific detail. Conduits under floor slabs shall have minimum trench depth
to contain bends without any portion of the radius visible at finished grade.

2. Underground conduits outside of structures, excluding utility conduits, shall
have a minimum cover of 24 inches except under roadways where minimum
cover shall be 30 inches or as otherwise shown in the Contract Drawings.
Back filling shall be done only after conduits have been inspected.
Excavation and back fill of conduits shall conform to the requirements of
other applicable Specifications sections unless modified on plans, and to
other entities (Utilities, etc.) as required.

3. Install spacers to support underground conduits. Horizontal and vertical
separation shall be maintained by plastic spacers set every four feet.
Spacers shall be Carlon Snap-Loc or approved equal.

4. At all times during the installation of the electrical system, the Contractor
shall provide barricades, fences, guard rails, etc., to safeguard all personnel,
including small children, from excavated trenches.

D. Device Mounting Heights:

1. Mounting heights of fixtures and devices shall be as follows unless otherwise
indicated or when height has to be adjusted to be over or under counter tops.

Rev 0 — Issued for Construction Bear River Ditch Pump Station Electrical Specifications
3/10/06 16110-10 Conduit, Boxes and Grounding



Wall switches => 48 inches

Convenience outlets => 18 inches
Telephone outlets => 18 inches
Bracket fixtures = 7 feet 6 inches

E. Cutting and Patching:

1. The Contractor shall do all cutting and patching required to install his work.
Any cutting which may impair the structure will require prior approval by the
Engineer. Cutting and patching shall be done only by skilled labor of the
respective trades. All surfaces shall be restored to their original condition
after cutting and patching.

3.03 WARRANTY

A. Provide warranty as specified in Section 16010- Electrical, WARRANTY.

END OF SECTION
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SECTION 16120 -- WIRE, FUSES & TERMINAL BLOCKS

PART 1: GENERAL

1.01

1.02

SCOPE OF WORK

A. The Contractor shall assemble, ready for use, the electrical and instrumentation
system with wires, fuses and terminal blocks as specified herein.

B. Furnish all required labor, materials, tools, test equipment, incidentals, and services
to provide a complete and operational electrical and instrumentation system with wire
and electrical devices as shown on the Drawings, included in these Specifications, or
required for fully operating facilities.

C. Work includes that specified in Section 16010 - Electrical.

SUBMITTALS AND DRAWINGS

A. Provide submittals and drawings as specified in Section 16010 - Electrical,
SUBMITTAL AND DRAWING REQUIREMENTS.

PART 2: PRODUCTS

2.01

WIRING AND ELECTRICAL DEVICES
A. GENERAL
1. General

a. The electrical and instrumentation system supplier shall provide
the wiring and electrical devices specified herein and install field
and internal panel wiring as shown on the Contract Drawings. This
section applies to all wires or conductors used internal (non-field)
to electrical equipment or external for field wiring. Wire quantity
and size shall be per “Wire Routing and Conduit Schedule”.

2. Power Distribution

a. All electrical and instrumentation panels shall be equipped with a
120 VAC main power disconnect circuit breaker and power
distribution circuit breakers. The main power disconnect breaker
shall be a one pole breaker rated at 15 amperes. Distribution
circuit breakers shall be single pole. The circuit breakers shall be
mounted on a standard DIN rail, and shall be Allen - Bradley
Channel Mounting Type, Cutler Hammer type BAB with finger
safe cover, or equal.

b. For each power distribution circuit breaker, a neutral return
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terminal block shall be installed at the bottom of the breaker rail.
The neutral return terminal block shall be standard DIN rail
mounted, and shall be rated to carry up to 15 amperes and accept
up to two 12 AWG wires.

A spare duplex outlet wired to a separate circuit shall be provided
in each control and instrumentation panel. This outlet shall remain
available for future use, shall be labeled "CONVENIENCE
RECEPTACLE" and shall not be used to power any equipment
installed by the Control and Instrumentation panel vendor.

Analog Signals

a.

Analog signal transmission between electric or electronic
instruments shall be 4-20 milliamperes and shall operate at 24 volts
DC unless otherwise specified. Milliampere signals shall be
current regulated and shall not be affected by changes in load
resistance within the unit's rating. Provide powered current
1solators wherever the loops’ load resistance exceeds the
originating current signal transmitter's rating. Associated shunt
resistors shall be located on rail-mounted terminal blocks.

Exposed resistor leads shall be insulated with heat-shrink tubing.

B. LOW VOLTAGE WIRE AND CABLE ( through 600V except instrument signals )

L.

General: Low voltage conductors shall be used for power, control, lighting
and miscellaneous circuits. This Section applies to all wires or conductors
used internal for all electrical equipment or external for field wiring. Wire
shall be new, plainly marked with UL label, gauge, voltage, type of
insulation, and manufacturer's name.

Wire colors and sizes shall not change within the circuit.

All wires shall be properly fused or breaker protected at or below the
maximum amperage rating allowed by the NEC.

Control and Power Wiring:

a.
b.

Conductors shall be copper with a minimum of 98% conductivity.
Class C stranding. Solid conductors may be used for lighting and
receptacle circuits.

Insulation of all conductors and cables shall be rated 600 volt (min).
Insulation type shall be moisture and heat resistant thermoplastic
NEC Type THHN /THWN, rated 90 °C in dry locations and 75 °C in
wet locations, for #8 AWG or smaller. Conductors #6 AWG and
larger shall be XHHW insulation.

Field wire minimum AWG sizes:
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1) #12 for wires used for individual conductor circuits 100 volt
and above, except for PLC I/O which may be #14 AWG
unless otherwise noted.

2) #14 for wires used for individual conductor circuits below
100 volt.

Nonfield or equipment wire minimum AWG sizes:

1) #16 for wires used for individual conductor circuits 100 volt
and above.

2) #18 for wires used for individual conductor circuits below
100 volt.

5. Instrument wiring:

a.

Field: Instrument cables shall have 600V tray cable rated insulation
and 100% individual shielded twisted pair #16 conductors with drain
wire. Single twisted shielded pair (T.S.PR.) cables shall be Belden
9342, or approved equal.

Non-Field: Instrument cables shall have 300V rated insulation and
100% individual shielded twisted pair #18 conductors with drain
wire. Single twisted shielded pair (TSPR.) cables shall be Belden
8760, or approved equal.

Multi-pair cable is not allowed for use in field or non-field
applications. One T.S.PR cable is required for each signal.

6. Manufacturer Supplied Cables

a.

Cables and wiring for special systems provided by the manufacturer
with the equipment shall be installed per the manufacturer's
recommendations.
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C. COLOR CODE

1. All wires #8 and below shall have wire insulation the color specified. Wires
#6 and larger may be black with color electrical tape at termination points.

2. No other colors shall be used without prior approval of the Owner.

3. Color code - color code of all wire shall conform with the following table:

WIRES COLOR CODE TABLE

Description Phase/Code | Field wire or tape color Non-Field Wire
Letter Color
480V, 3 Ph A Brown Brown
B Orange Orange
C Yellow Yellow
240V or 208V,3Ph | A Black -
B Red (Orange if high leg) -
C Blue -
240/120V, 1 Ph L1 Black Black
12 Red -
24V Positive 24P Pink Pink
24V Negative 24N Black Black
AC Control Violet Red (Yellow for
foreign circuits)
DC Control Blue Blue
Neutral N White White
Ground G Green Green
Shielded Pair + Clear (White) Clear (White)
- Black Black

2.02  WIRE MARKING

A. All panel, enclosure and field wiring shall have wire labels on both ends of each
wire. Labeling shall be neatly installed for visibility and shall be clearly legible.
Each conductor of instrument shielded signal wiring shall be labeled. Wire labels
shall be machine printed with on white heat shrinkable tubing. Each label shall fit
aminimum 23 characters, 3/16” in height before shrink. Tubing shall be sized for
the wire and shrunk into place using an electric heat gun. Hand lettered wire
labels are not acceptable and shall be replaced at the Contractor's expense.
Provide Brady “PermaSleeve” or approved equal.

1. Node Style Wire Identification - All wires that are electrically the same
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(connected to common termination points) and do not pass through a contact
or other switching device shall have the same wire identification. The wire
labeling code for each end of the same wire shall be identical.

a. The wire identification code for internal panel wiring shall be the
number/letter as designated on the Contract elementary and/or
approved shop drawings.

b. Wire labeling for field wiring shall contain the panel/equipment name
as a prefix and the termination point name. (LE. PLC50-A103 or
P10-124). The hierarchy of label names is 1) PLC panel name, 2)
MCC equipment name, and 3) Equipment name. Therefore, wires
from PLC50 to the MCC50 P10 cubicle will be labeled PLC50-XXX.
Wires from MCC50 P10 to field pressure switch PSH10 will be
labeled P10-XXX.

C. Wire labels shall be exactly per interconnection submittal --
abbreviations determined in the field are not allowed. Abbreviations
may be used in the wire label as submitted and approved in the
interconnection drawings submittal.

d. Wire labels for lighting and receptacle circuits shall consist of the
panel board and circuit number and a unique node number. (LE.
LP#3-A, LP#3-B, LP#3-N)

e. Wire labels may be omitted on “neutral jumpers” less than 8” in
length.

2.03 FUSES AND FUSE HOLDER

A.

Fuses used in circuits 200 VAC and above shall be time- delay, 13/32" x 1-1/2",
and have an interrupting rating of 10,000 AIC at 500 VAC. Fuses shall be
Bussman type FNQ or approved equal. Fuse holders shall feature open fuse
indication lights and shall be rated 30A at 600 VAC. Fuse holders shall be
Bussman Optima Series OPM or equal.

Fuses used in 120 VAC shall be time-delay, 1/4" x 1-1/4", and have a rating of
250 VAC. Fuses shall be Bussman type MDA or approved equal. Fuse-holders
shall be of the same manufacturer, series and color as the adjacent terminal blocks
and have blown fuse neon indicators. Fuse holders shall be Entrelec ML
10/13.SFL, Allen Bradley 1492-H4 or approved equal.

Fuses used in signal and 24 VDC circuits shall be fast acting, Smm x 20mm and
have a rating of 250 VAC. Fuses shall be Bussman type AGC or approved equal
Fuse-holders shall be of the same manufacturer, series and color as the adjacent
terminal blocks and have blown fuse LED indicators. Fuse holders shall be
Entrelec M 4/8.SFDT, Allen Bradley- H5 or approved equal.
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D. Fuses shall be sized in conformance with the NEC.

2.04 TERMINAL BLOCKS AND ACCESSORIES

E. Control Panel Terminal Blocks

1.

Terminal blocks to be clamp type, 6mm spacing, 600 volt, minimum rating
of 30 amps, and mounted on DIN rail. DIN rail shall be same type as used
for the relays. Install an extra DIN rail on each type of terminal strip with
20% spare terminals for future additions.

Provide terminal blocks with "follower" plates that compress the wires and
have wire guide tangs for ease of maintenance. Terminal blocks that
compress the wires with direct screw compression are unacceptable. All
power, control and instrument wires entering and leaving a compartment
shall terminate on terminal blocks with wire numbers on terminals and on
both ends of the wires.

Terminal Tags and Markers: Each terminal strip shall have a unique
identifying alphanumeric code at one end (i.e.: TB1, TB2, etc. ). On each
terminal strip, terminal numbers shall be assigned starting with #1 at one
end, incrementing in alphanumerical order ( i.e.: 1,2,3,4....). Numbers
shall be assigned to all blocks except grounding blocks. Fuse blocks shall
be assigned unique tag numbers such as FU1, FU2. No two fuses shall be
assigned the same tag number.

Plastic marking tabs shall be provided to label each terminal block. These
marking tabs shall have a unique number/letter for each terminal which is
identical to the "elementary" and "loop" diagram wire designation.
Numbers on these marking strip shall be machine printed and 1/8 inch
high minimum.

Terminal blocks shall be physically separated into groups by the level of
signal and voltage served. Power and control wiring above 100 volts shall
have a separate group of terminal blocks from terminal blocks for wiring
below 100 volts, intermixing of these two types of wiring on the same
group of terminal blocks is not allowed.

Provide a ground terminal or connection point for each grounding
conductor.

Provide a separate common or neutral terminal for every two (maximum)
inputs and/or outputs.

COLOR CODING: Color coding of terminal blocks with colored tabs or
terminal labels shall be:

a. Digital Inputs Red
b. Digital Outputs Yellow
C. Analog Inputs Blue
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d. Communications Orange
e. Power Black

9. Terminal blocks shall be Entrelec M4/6, Allen Bradley 1492-W4 or
approved equal.

F. MCC — Motor Starter Cubicle Terminal Blocks

1. MCC cubicle terminal blocks shall be pull apart as supplied standard by
MCC manufacturer.

QG. Power — Power terminal Blocks

1. Backpan mounted termination blocks shall be rated for 600V (min). The
power termination blocks shall be rated to accept Copper or Aluminum
cable and rated as shown on Contract one-line diagrams. Each termination
block shall be provided with quantity of primary and secondary cable
connections as required per installation. The power termination blocks
shall be Connectron Square D or approved equal.

2. Unmounted termination blocks shall be constructed of aluminum and
suitable for use with Aluminum and copper wire. Size and quantity of
cable connections shall be as required for installation. Termination blocks
shall be insulated with molded high-dielectric strength plastic covering
and eliminate the need for tape insulation of electric connection. The
termination block shall have removable access plugs over the wire entry
and hex screw ports. Provide NSI Polaris IPL or IPLD Series terminal
blocks or approved equal.

H. PANEL GROUND

1. Each electrical, control and instrumentation panel shall be provided with a 1
inch x 0.25 inch x 8 inch (minimum size) solid copper grounding bus bar,
mounted on the inside of the enclosure. The grounding bar shall be mounted
on insulated standoffs so that no electrical connection is made between the
ground bar and the cabinet through the mounting. The ground bar shall be
drilled and tapped for a 0.25-20 screws at 0.5 inch interval along its entire
length.

2. An un-insulated solid copper #8 AWG ground wire shall be attached between
the ground bar and the panel enclosure, and between the ground bar and the
mounting panels. The ground connection to the enclosure and panel shall be
made by sanding the paint finish off a small area, drilling a hole for a 0.25
inch bolt and mounting a 0.25-20 bolt to the panel to serve as grounding stud.

The grounding stud shall be attached with a nut and flat washers on both
sides of the enclosure/panel, and with an inside tooth star lock washer next to
the panel surface. The star lock washer shall be on the inside surface of the
enclosure, and the front surface of the mounting panel. The grounding wire
shall be secured to the stud with a nut and inside tooth star lock washer.
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These grounding points shall be located within 12 inches of the bottom to the
grounding bar. Each terminal strip rail shall be individually grounded by
means of a #12 AWG wire to the ground bus. The PLC rack, power supply,
lightning arrestor shall be similarly grounded according to the manufacturer's
recommendations.

2.05 ELECTRICAL TAPE / SHRINKABLE INSULATORS

A.

Vinyl tape

1. Vinyl tape shall be 7 mil, 600 volt rated, flame retardant, hot and cold
weather resistant conforming to UL510. Provide 3M Scotch Super 33+
vinyl tape or equal

2. Vinyl tape for color coding shall be 7 mil, %" width, vinyl tape conforming to
UL 510. Provide 3M Scotch 35 vinyl tape or equal.

Rubber Tape: EPR rubber, 90 deg C continuous rated. Provide 3M 130C rubber
tape or equal.

Varnished Cambric Tape: Adhesive backed, 7 mil, bias cut cotton tape, coated
with yellow insulating varnish. Provide 3M Scotch 2510 or equal.

Shrinkable insulators shall be heat shrinkable, polyolefin thick wall sleeves, end
caps and cable repair sleeves are designed for use in splicing, sealing and re-
jacketing of direct bury secondary cables. The insulators shall comply with UL
486D and be rated up to 1000 Volts. They shall provide long-term reliable
performance overhead, underground or submerged with mechanical and
environmental protection. Shrinkable insulators shall be 3M ITCSN or 3M
IMCSN per manufacturer instructions for the application or approved equal.

PART 3: EXECUTION

3.01 WORKMANSHIP

A. All work in this Section shall conform to the codes and standards specified in Section
16010 - Electrical.

B. The Supplier shall employ personnel that are skilled and experienced in the
installation of wire electrical devices, accessories, and assemblies. All installation
labor shall be performed by qualified personnel who have had experience on similar
projects. Provide first class workmanship for all installations.

C. Ensure that all equipment and materials fit properly in their installations.

D. Perform any required work to correct improper installations at no additional expense
to the Owner.
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3.02

INSTALLATION

A

System:

1.

2.

3.

4.

Install all products per 16010 - Electrical, INSTALLATION, GENERAL.
The panels shall be completely factory wired and tested before shipment.
All spare PLC input / output points shall be wired to terminal blocks.

A minimum of 20% spare unwired terminals shall be provided in each panel.

Wiring Methods:

1.

Wiring Separation: Wires carrying 100 volts and above shall be physically
separated from lower voltage wiring by using separate bundles or wire ways
with sufficient distance to minimize the introduction of noise, crossing only
at 90 degree angles.

Harness: All wiring shall be neatly bundled and laced with plastic tie-wraps,
anchored in place by screw attached retainer. Where space is available, wiring
shall be run in slotted plastic wireways with dust covers. Wireways shall be
sized such that the wire fill does not exceed 60%. Tie-wraps shall be T&B
TY-RAP or approved equal.

Retainers: Wireways, retainers, and other devices shall be screw mounted
with round-head 316 stainless steel screws or mechanically mounted by
push-in or snap-in attachments. Glue or sticky back attachment of any type or
style shall not be used. Retainers shall be T&B TC series or approved equal.

Hinge Loops: Where wiring crosses hinged surfaces, provide a "U" shaped
hinge loop protected by clear nylon spiral wrap. The hinge loop shall be of
sufficient length to permit opening and closing the door without stressing any
of the terminations or connections. Spiral wrap shall be Graybar T25N or
approved equal.

Routing: Wires and cable shall be routed along the shortest route between
termination points, excepting routes which would result in routing 120 VAC
and other wires and cables in the same duct or bundle. Wires and cables shall
have sufficient length to allow slack and to avoid any strain or tension in the
wire or cable.

a. Wires shall be routed in slotted plastic wireways with snap covers.
Wires carrying 120 VAC shall be separated as much as possible from
other wires and signal cables, and shall be routed only in ducts for
120 VAC. If the power wiring has to cross the signal wiring, the
crossing shall be as close to a right angle as possible. Wireways for
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24 VDC wiring shall be used for all other wires and cables. Routing
of 120 VAC in combined wireways shall be minimized. Wires and
cables shall be placed in the wireways in a straight, neat and
organized fashion and shall not be kinked, tangled or twisted together.
Additional wire ducting shall be provided for use by the electrical
subcontractor for routing field wires to their landing points in the
each electrical and instrumentation panel.

b. Provide 2” minimum separation between wireway and terminal
blocks.
c. Wiring not routed in wireways shall be neatly bundled, treed, and

laced with plastic ties.
C. Wire terminations

1. Single wire and cable conductors shall be terminated according to the
requirements of the terminal device as follows:

a. Crimp-on terminals: shall be UL listed, self-insulating sleeve type,
with ring or rectangular type tongue, suitable for the size and material
of the wire to be terminated, and for use with either solid or stranded
conductors.

b. Terminal Blocks: Remove the last +/- 0.25 inches insulation from of
the conductor and insert it under the pressure plate to full length of
the bare portion of the conductor. Tighten the screw to close the
pressure plate onto the conductor. No more than two conductors shall
be installed in a single terminal. All strands of the conductor shall be
captured under the pressure plate.

c. Screw-less terminals: wire shall be stripped back and inserted per the
terminal manufacturer's instructions.
d. Motors with pigtail leads: Install terminal connectors on the motor

pigtails and the cable to be connected. Terminals shall be non-
insulated crimp-on type applied with a rachet-type crimping tool. The
terminals shall be bolted together with a nut, bolt and lock washer
combination. The connection shall be wrapped with four (4) layers
varnished cambric tape, six (6) layers of rubber tape and six (6) layers
of vinyl electrical tape, each half lapped.

2. When stripping insulation from conductors, do not score or damage
conductor.
3. The drain wire of shielded cables shall be covered with insulating tubing

along its full bare length between the cable jacket and the terminal lug or
terminal pressure plate.

4. Heat shrink shall be placed on ends of shielded cable to cover foil.
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3.03

5.

Condulets with wire nut connections shall be supplied for wire termination to
devices with leads instead of terminals. (i.e. solenoid valves, level probe, etc.)

D. Wire Splicing

1.

2.

No wires shall be spliced without prior approval by the Engineer.

Where splices are allowed or approved by the Engineer they shall conform to
the following:

a. Wire splicing devices shall be sized according to manufacturer's
recommendations.
b. Splices of #10 and smaller, including fixture taps, shall be made with

nylon self-insulated twist on wire nuts; T & B "Piggys", Ideal
"Wing-Nut" or approved equal.

c. Splices of #8 and larger shall be hex key screw, two way connectors,
insulated with molded high-dielectric strength plastic; NSI Polaris
IPL or IPLD Series terminal blocks or approved equal.

d. Splices in underground pullboxes shall be insulated and moisture
sealed with 3M "Scotchcast" cast resin splice kits or approved equal
and shall have a date marking for shelf life.

E. Wire Installation

1.

WARRANTY

Exercise care in pulling wires and cables into conduit or wireways so as to
avoid kinking, stressing the cables, or damaging the insulation. Use a UL
listed pulling compound for lubrication within conduits as necessary. The
raceway construction shall be complete and protected from weather before
cable is pulled in. Swab conduits before installing cables and exercise care in
pulling, to avoid damage to the insulation or conductors.

All wire and cables (with the exception of coaxial antenna cable) shall be
installed within UL listed raceways or enclosures. Install all wires and cables
in one continuous length unless splices are per contract drawings, required to
connect equipment or submitted and favorably reviewed.

Bundle incoming wire and cables in panels. Zip-tie at intervals of 27 and
neatly spread into trees and connect to their respective terminals. Allow
sufficient slack in cables for alterations in terminal connections. Do not
bundle, tape or tie wires within conduits.

A. Provide warranty as specified in Section 16010- Electrical, WARRANTY.

##% END OF SECTION #**
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