SECTION 16010

ELECTRICAL

PART 1 - GENERAL

1.01 SCOPE OF WORK

A.

The Contractor shall install, ready for use, the electrical system as specified hergin
and shown on the Contract Drawings. This document describes the funciion and
operation of the system and general components, bul does not necessarily describe
all necessary devices, All components and devices shail be furnished and installed
as necessary to provide a complete, operable and reliable system for accomplishing
the functions and maeting the performance set forth hereinafter,

Furnish all required labor, materials, egquipment, tools, safety equipment,
transportation, test eguipment, incidentals and services to provide a complete and
operational eiectrical system as shown on the Contract Documents. See Appendix
“B” for "Device Index,” and applicable for this project.

Exarnine the Specification and Drawings for mechanical equipment and provide sl
starters, circuit breakers, switches, pushbuttons and appurtenances which are not
specified to be with the mechanical equipment. Erect all electrical equipment not
definitely stated to be erected by others, furnish and install conduit, wire and cable
and make connections required to place all aguipment in complete operation.

The major areas In the scope of work shown, including both the furnishing and
installing are:

1. F-“{eptace existing alectrical controls with new pedemal !inewup, inmluding
motor controls.

2. New Processor Logic Controllers (PLC), Operator Inferface (O) hardware
and anienna system for controfling the pump, and other miscellaneous
devices will be provided by others for Contractor to install.

3. New uiility service.
4, New telephone service.
5. Installation of primaty devices, eguipment and instruments are not

completely detailed on Contract Drawing plan sheats, Use Devics Indexes
and Contract Drawings installation details for instaliation and mounting
reguirements.

8. All necessary miscellaneous shul off, sample, manifold ard calibration
valves to sensors.

7. Conduits and the field interconnection wiring belween pedestials,
panelbeards, controls, lighting, receptacles, and equipment provided under
all other Divisions, etc.
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&, Return existing equipment to Owner.

g Frovide all necessary hardware, fitings and devices to connect the
designated equipment and wiring.

10, Coordination for connection of PG&E power ulility reconnection.

11, Trenching, bac:kfilling, and compaction for all undergiound condult routes,
concrete pads, and pull hoxes,

12, Grounding system and equipment grounding.
13. Concrete pads and supporis for electrical and instrumentation equipment.

4. Removal and disposal of excess materials from excavation, pavement
removal and demolition work,

Existing site is hmited in space. 1t is the Contracter's responsibility to provide a
pedestal package to fit in the allocated space.

FLC programming, Operator Interface (Of) configuration and SCADA graphics by
others.

The following Specifications ncorporate specific equipment and devices that arg
standards of the Owner because Of their serviceability, because of the local
availability of [abor, parts and materials or because of the ability of the Qwner to
umbrellz the equipment under existing maintenance contracts.

All electrical work shail contorm with the National Electric Coda (NEC) 2008 issue,
Mothing on the Drawings or in the Specifications shall be consirued to permit wotk
or materials not conforming to these codes and standards,

All panels and panelboards shall be supplied by one System Supplier. Al panels
listed for Division 16, in all Division 16 appendix Indexes, shall be supplied by the
same System Supplier, This includes, but is not limited to, all work necessary to
select, furnish, supervise, install, calibrate, program, and place into operation all
transmitters, instruments, controllers, alarm eguipment, monltoring equiprnent, and
accessories as specified hergin. The System Supplier shall not subcontract any
portions of the equipment provisioning, with the exception of fire and security alarm
systems, without writlen approval of Owner,

The System Suppliers listed below have been determined o meei minimum
qualifications specified in this Division and are pre-gualified by the Owner for
providing Supplier bids as System Suppliers on the praject. Other Systern Suppliers
may submit to Owner, prior to bid opening, a statement of qualification listing
relevant experience on similar projects completed. The Owner will list additional
pre~gqualified System Suppliers in an addendum prior to bid opeaning.

1. Krug-Bixby-Long Associates (KBL) (phone 510 887-1117)
2. MCGC Control System {formerly Mever Cantrols) (phone 707 449-0341)
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3. Tasco (phone 916 395-8800)

1.02 RELATED WORK IN OTHER SECTIONS

A

Provide an electrical system that interfaces to work performed under other
Mechanical and Equipment Sections of these Specifications.

instail and wire moisture relays provided with pumps per Manufacturer's wiring
diagrams.

1.03  CONTRACT DOCUMENTS

A.

The Contract Drawings and Specifications are intended to be descriptive of the type
of electricai system to be provided, any etror or omissions of dedail in either shall not
refieve the Contractor from the obligations thera-under to install in correct detail any
and all materials necessary for a complete operational systern at no additional cost.

The Contract Drawings are generally diagrammatic; exact locations of electrical
products shall be verified in the field with the Engineer. Except where special details
on Drawings are used to illustrate the method of installation of a particular plece or
type of equipment or materfals, the requiremeants or descriptions in this Section shall
take precedence in the event of conflict.

Location at facilities of equipment, inserts, anchors, panels, pull boxes, conduits,
stub-ups, and fittings for the electrical system are fo be delermined by the
Contractor and Engineer at time of installation.  Confractor shall make minoe
adjiustments to locations of electrical equipment required by conditions and
caordination with other rades at no additionat cost.

The Contractor shall examine the architectural, mechanical, structural and electrical
and instrumentation equipment provided under other Sections of this Contract in
order to determine the exact routing and final ferminations for all conduits and
cables. The exact locations and routing of cables and conduits shall be governed by
structural conditions, physical interferences, and the physical location of wire
terminations on equipment. Conduite shall be stubbed up as near as possible to
equiptment,

Al equipment shall be installed and located so that it can be readily accessed for
operation and maintenance, The Engineer reserves the right {o require minor
changes in location of equipment without incurring any additional costs,

“Provide” means to furnish equipment and accessories, do the instaliation, complete
connactions, submit documentation, perform start-up, and be responsible for the
warranty.

Whaera conduits are shown as "home runs" on the Contract Drawings or stated to be
furnished, but not axplicitly shown as part of the scope of work, the Contractar shall |
provide all fittings, boxes, wiring, etc. as required for completion of the raceway
systerm in compliance with the NEC and the applicable Specifications in this Section.
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No changes from the Contract Drawings or Specifications shall be made without
written approval of the Engineer. Should there be a need to deviate from the
Contract Documents, submit written details and reasons for all changes to the
Engineer for favorable review.

The resoiution of conflicting interpretation of the Contract documents shali be as
determinad by the Engineer,

The Confractor shall coordinate with other Suppliers on the project for a compieta
and operable system.

1.04  COORDINATION

A, The Contractor shall coordinate the electrical work with the other trades, code
authorities, utilities, and the Engineer; with due regard to their work, towards
promotion of a rapid completion of the project. If any cooperative work must be
altered due to lack of proper supervigion of such, or failure to make proper
provisions, then the Contractor shall bear expense of such changes as necessary to
be made in the work of others.

B. Manufacturer's directions and instructions shall be followed in all cases wheare such
is not shown on the Contract Drawings or herein gpecified.

C. Power Utility Coordination:

Coordinate alf work with the serving Pacific Gas & Electric (PGa&L) for the work

shown on Contract Drawings. This coordination includes:

1. The Contractor shall obtain the required inspections.

2, Submit to the power Utility the proposed metering details, Provide a written
statement to Owner from the Utility that shows apptoval of the proposed
metering.

3 All work associated with material and instaliation for the Utility power service
hot paid by the Utility shall be borme by the Contractor, The Contractor shall
provide and install all material, conduits, wiring, pull ropes, pole rigers, pull
boxes, transformer pads, bollards, etc. as shown on Power Utility
engineered drawings for new power service.

4, All fees and charges of the Utility power for service hook-up will be paid by
the Owner.

5, Al work shali meet the requirements of the serving power Utility company
(PG&E).
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H.

it is the responsibiity of the Contractor to make all equipment approval
arrangements and scheduling with the power and telephone ulility company
connected with this project. Schedule within 30 days after award of contract all
service installations and connections with the power Utility. Lack of effort by the
Contractor to properly schedule Hility service will not be considerad valid
justification for delays in project completion and no extension in contract time will be
given.

Telephone Utility Coordination

1. it is the rasponsibility of the Contractor to make all equipment approval
arrangements and scheduling with the telephone Utility company connected
with this project,

2. The Utility telephone company serving this project is TELCO,

3 Owner wiil request initial telephone connection with the serving telephone
Utility.
4. Contractor shall coordinate all work with the serving telephone Utility, obtain

the required inspections, and notify the respective Ulllity Company when
service is reguired,

& All work associated with material and installation for the utility telephone
service not paid by the WUiility shail be bome by the Contractor. All work shall
maet the requiremeanis of the serving telephone Utility Company.

8. All fees and charges of telephone utility for new service hook-up will be paid
by the Qwner, '

7. One (1) separate permanant voice data telephone lines shall be provided at
the site.

8. Additional temporary lines are required for jobsite trailer,

Contractor shall be responsible for obtaining Utility Engineered drawings for service
conductor conduits, pull boxes, wire size requirements, pull rope requiremeants, etc.
Conflicts between the Contract drawings and the Utility Engineerad drawings shall
be brought to the atfention of the Engineser,

The Contractor shall cease work at any particular point, temporarily, and transfer his
operations to such portions of work as directed, when in the judgment of the
Enginear it is necessary to do so.

Prior to commeneing the first submittal, the Contracior shall arrange a8 conferance
with the Owner, and Electrical Contractor, System Supplier vital to the current phase
of work, and shall verify types, sizes, locations, and installation requirements. The
Contractor shail, in writing, inform the Engineer that all phases of coordination of this
equipment have been covered and if there are any unusual conditions, they shal be
gnumeraied at this time.
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1.05  SUPERVISION

A,

The Contractor shail schedule all activities, manage all technical aspects of the
preject, coordinate submittals and Drawings, and attend ail project meetings
associated with this Section.

The Contractor shall supervise all work in this Section, including the electrical
systemn general construction work, from the beginning to completion and final
acceptance,

The Contractor shall suparvise and coordinate all work in this Section to ensure
each phase of the project, submittal, delivery, installation, and acceptance {esting,
ete. is completed within the allowable scheduled time frames,

The Contractor shall be responsible for obtaining, prepating, completing, and
furnishing all papearwork for this Section, which shall include transmittals, submittais,
forms, documents, manuals, instructions, and procedures.

1.08 INSPECTIONS

A,

All work or materials covered by the Contract Documents shall be subject to
inspaction at any and all times by the Owner. If any material does not conform to
the Contract Documents or dees not have a favorably reviewad submittal status,
then the Contracior shall, within three days after bsing notified by the Owner,
remove said material from the premises. if said material has been instalieg, the
entire expense of removing and replacing same, including any cutting and patching
that may be necessary, shall ba borhe by the Contractor.

Work shall not be closed in or covered over before inspection and approval by the
Engineer, All costs associated with uncovering and making repairs, where non-
inspected work has been performed, shall be borne by the Contractor,

The Contractor shalfi cooperate with the Engineer and provide assistance at all times
for the inspection of the elactrical system under this Contract. The Contractor shall
remove covers, provide access, operate equipment, and perform other reasonable
work which, it the opinion of the Engineer, will be necessary to determine the quality
and adeguacy of the work,

1.07  JOB CONDITIONS

A

The Contractor shall make all arrangements and pay the costs thereof for temporary
sarvices required during construction of the project, such as temporary electrical
nower and telephone service, Upon completion of the project, ramove all temporary
sarvices, equipment, materiat and wiring from the site as the property of the
Contractor.
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The Contractor shall provide adequate protection for all equipment and materiais
during shipment, storage and construction. Eguipment and materials shall be
complaetely covered with two lavers of plastic and set on cribbing six inches above
grade so that they are protected from weaather, wind, dust, water, or consiruction
operations. Eguipment shall not ba stored outdoors without the approval of the
Engineer. Where equipment is stored or installed in moist areas, such as unheated
buildings, ete., provide an acceptable means to prevent moisture damage, such as a
uniformiy distributed heat source, (o praevent condensation.

1.08  SUBMITTAL AND DRAWING REQUIREMENTS

A.

Eight (8) copies of electrical submittals shall be submitted for favorable review by

the Engineer, per this subsection and Saction 01300, Thay shall be complete, giving
all details of connections, wiring, insiruments, enclosures, materials and dimensions,
Standard sales literature will not be acceptable,

A copy of the appropriate Division Specification Sectiong, with addendum updates
included, and with each paragraph check-marked io indicate specification
compliance or marked fo indicate requested deviations from specification
requirements. Check marks (V) shall denote full compliance with a paragraph as a
whole. if deviations from the specifications are indicated and, therefore, reguasted
by the Contractor, each deviation shall be underiined and dencted by a unique
number in the margin to the right of the identified paragraph. The remaining
portions of the paragraph not underlined will signify compliance on the part of the
Contractor with the Specifications.  The submittal shall be accompanied by 2
defailed, written justification for each numbered tem explaining variance of nonh-
compliance with specifications.  Failure 1o inchude a copy of the marked-up
specification sections, along with justification(s) for any requested deviations {o the
specification requirements, with the submittal shall be sufficient cause for rejection
of the entire submittal with no review.

The electrical submittals shall include but not be limited o data sheets and Drawings
for each product together with the fechnical builetin or brochure. The electrical
sUbmittals shall include:

1. Froduct {item) name used herein and on the Contract Drawings.

2. The Manufacturer's mode! or other designation,

(4]

Tag namefnumber per the Drawings or schedules.
4. index Binder Tab Dividers.

5. Detail electrical one ling, eiemeantary and loop diagrams and interconnection
diagrams showing all wiring requiremants for each system. General sales
iterature will not be acceptable. The part or model number with options to be
providad shall be clearly identified. Where more than one item or cataiog
pumber appears on & catalog cut, the specific tem(s) or catalog numbers(s)
proposed shall be clearly identified.

B Complete documantation with full description of operation.

April 2014
454.02.09.02

16010-7 Priogi ty 1 Sewer Replacement Ii:“ro_;'m:t..
Electiical



April 2010
454-02-09-02

10.
1.
12,
13.

14,
15.
16.

18.

Location of assembly at which it is installed,
Input-output characteristics.

Range, size, and graduations as requirad,

Fhysical size with dimensions and mounting details.
Enclosure fabrication and color.

Enclosure layout and elevation drawings to scale,

Quantity and quaslily requirements for slectric power, air, and/or water
supply,

Materials of construction of components,
Nameptate schedule.
Interconnection diagrams.

Bl of Matatials: A complete Bill of Mataerials fist shall be provided at the
inside of the front cover, The Contractor shall provide Blll of Material for
alactrical componeants formatted, as shown in Appendix "A" The System
Suppliar shall submit a separate set of Bill Materials for the panal, spare
parts and another listing all field equipment. Generic nameas or part numbers
usad by a distributor or Systems MHouse are not acceptable. QOriginating
Manufacturar's name and part number shall be listed.

A separate instrument data sheet shall he provided for each instrument, per

JEA 520 standards or approved equal. Data sheets shall be printed on blue

or pink paper. Provide an index with proper identification and cross-
referancing of each data shest.

Submit CD disk copies of all submitted Drawings in AutoCAD format. For each
resubmittal, provide a copy of submittal comments and a separate letter, on
Company lefterhead, identifying how each submittal comment has bheen addressed
in the resubmittal, Al Drawings shall be drawn using AutoCAD, drawn in a
professional manner and submitfed on 11" x 17" sheets. Shop Drawings shall be
provided with minimum drafting details, as illustrated on the Contract "electrical”
series drawings. Diagrams shall carry a uniform and coordinated set of wire calors,
wire numbers, and terminal hlock numbers. The shop Drawings shall include:

1.

Electrical one-line diagrams detailing all devices associated with the power
distribution system. The following applicable mformation or data shall be
shown on the one-ling diagram: location, size and amperage rating of bus;
size and amperage raling of wire or cable; breaker ratings, number of poles,
and frame sizes, generator receptacle; manual tfransfer swiich, utility
metering, voltage, amperage, number of wires and phases: fault interrupt
ratings; ground size and connections; naufral size and connections, power
fail and other protective devices,; fusea size and type; distribution transformer;
panetboard; starters; Contactor size and overload range; motor full load
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amperage of submitted mator and horsepower; rating for miscellaneous
toads; etc. Submit a list for each piece of equipment containing the motor
voltage, phase and full load amps with one-lines for verification of accuracy
of submitied one-ling Drawings.

Elementary diagrams shall be provided for all relay logic, power supplies,
PLC VO and other wiring. All elementary diagrams shall be drawn in JIC
EMP/EGP format and standards stmilar to those shown on the E-series
elementary diagrams showing ladder rung numbers and coil & contact cross
referencing numbers,

Analog and digital I/0 loop diagrams shall be provided showing the wiring
requiremants for each instrument loop. Graphic symbols shall conform with
ISA $5.4 drawing standards. A loop diagram shall be furnished for aach
analog and digital 1/O process and ali modified PLC VO cards. Loop
diagrams shall include the following, as a minimum;

a. The loop diagram shall be drawn with sufficient detail to express
cortrol philosophy. The diagram shall show all componenis and
accessories of the instrument loop, highlighting special safety and
other requirements. These diagrams shall be arranged to emphasize
device elements and their funclions as an aid {o understanding the
operation of a system and for maintaining or troubleshooting that
system.

b. A separate drawing shall be prepared for each analog and digital
card, Each card shall be arranged on the diagram ir the same order
as the physicai arrangement of the card terminations. Al termination
points an the diagram shall be shown with the actual equipment
identification, device and relay terminal number or letter, and 1/O
paint F&ID English descriptor and tag name. A separate drawing
shiall be prepared for each card.

c. Energy Sources - Electrical power, air supply, pheumatic and
hydraulic fluid supply, dasignating voltage, current, pressure, ete,
shall be shown in detail on the diagram. input and output signais
(e.g., 15 VDC, 420 mA DC, 3-15 psig, etc.) and power and
instrument supplies to devicas (a.g. 120 VAC, 24 VG, BO psig, ete)
shall be shown,

¢k, Engineering units shall be shown on the diagram. Each wire iabel,
equipmeant identification terminal number or letter and color code
shall be shown. Signal and DC polarities shall be shown.

£, All spare wires, cables and termination points shall be shown. All
jumpers, grounding, shielding, power supply details shall be shown.

Enciosure and Elevation layout diagrams for panels; show all front panet,
sidepan and backpan devices drawn to scale. Show fabrication methods and
details, including material of construction, paint color, support & latching
mechanisms, fans & ventilation system, and conduit entrance areas.
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interconnection Diagram - An inferconnaction diagram shall be furnished for
each electrical and instrumentation system. Each interconnection diagram
shall include the following, as 3 minimum:

a.

Interconnect drawings shall be prepared for all equipment by the
Systermn Supplier.

The diagrams shall be utilized by the electrician during all phases of
installation and connection of all conductors o ansure coordination
af equipment interconnact.

The diagrams shall show wiring as field iabeled at the end of the
project whan as-builts are submitted.

Each wire labeling code as actually installed shall be shown. The
wiring labeling code for éach end of the same wire must be identical.

All davice and equipment labeling codes shall be shown.

Interconnections shall be shown point to point with identified lines,
Diagrams of the wireless or wire schedule type are not acceptable,
Bundled wires shali be shown as a single line with the direction of
entry/exit of individua! wires clearly shown. Interconnect diagrams
shall not be combined with loop or elementary diagrams.

All terminations points on the diagram shall be shown with the actual
equipment identification terminal number or letter. This identification
of terminations includes terminal blocks, junction boxes, all devices,
computer /O points, etc,

Diagrams shall include raceway numbers, raceway size, cable
numpers, wire color code, and wire numbers.

Each wire and cable size and color code shall be shown, Each
conduit route with the conduit labet and conduit size shall be shown.
Wire and cable routing through conduits, wireways, manholes,
handholes, junction boxes, terminal boxes and other electrical
enclosures shall be shown with the appropriate equipment labels. All
spare wires, cable, and fermination points shall be shown, Cable
shields shall be shown.

Labeling codes for terminal blocks, terminals, wires, cables, paneiﬁ,
cabineats, instruments, devices, and aquipment shall be shown,

Schematic symbols shall be used for field devices, showing electrical
contacts, Signal and DC circuit polarities shall be shown,

The diagrams shall show all other Contract and supplier drawing
numbers, for reference, that are associated with each device that is
interconnected.
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Aftached to each interconnect, a copy of all the support documents
used in preparing interconnects shall be submitted, This includes
current issues of panel schematics, elementary diagrams,
panelboard scheduies, conduit schedules, one-line diagrams,
connection diagrams, terminal block diagrams, submittals, contract
drawings, vendor drawings and all other data used to develop the
interconnection diagram as noted in the "Reference Documents”
comer of interconnect drawings.

interconnects shall include list of all applicable reference drawings,
request for clarfications, flield instructions and change orders, All
deletions and additions of eguipment, conduits, wire, and cables
shall be clearly shown. Clearly state why termination data is not
available. Statements should point to applicabla area and be placed
in a bold box.

Fiald wiring shall not start before the interconnection drawings have
been submitted by the Contractor and approved by the Owner.

De not show the same wires of jumpers on the elemantary or loop
and interconinection diagrams. All jumper, shielding and grounding
termination details not shown on the connaction diagrams shall ba
shown on the interconnection diagrams.

interconnection diagrams shall be submitted and approved by the
Owner for each electrical and instrumentation system.  The
approved interconnects. If the Contracior pulls in wire without Ownet
approval of associated interconnect drawings, the Contractor will not
be reimbursed for labor for re-pulling in wires even if there wag an
error in wire fill or sizing, Also, if the Contractor pulls in wire without
Owner approval of associated interconnect drawings, then all
progress payments for that particular area of work will be withheld
until approved intercannect drawings are in use.

Altinterconnection diagrams shall he prepared by a System Supplier
under the suparvision of or by a State of California Registered
Electrical Engineer and shall bear that Engineer's professional stamp
and signature for all Intercornection Drawings subrnitted for approval
including as-builts and those used in the field installation. Engineer’s
stamp missing from interconnection drawings will be sufficient
grounds 1o reject entire interconnection drawing submittal without
raview. All deletions and additions of equipmeant, wire, and cables
shall be clearly shown. Interconnects shall inciude list of all
apphcable reference Drawings, request for clarifications, field
instructions, and change orders. Failure to provide backup
references of signed and stamped drawings may he grounds for
immediate rejection.

Example format of Interconnection diagram is shown on Contract “E°
Series Drawings or may be obtained from the Engineer.

16010431 Priovity 1 Sewer Replacement Project
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inferconnection Drawings shall use bundled wire format as shown on
axample interconnect Contract Drawing. Interconnect drawings
submitted with wiring of a single conduit run separated onto muttiple
interconnect drawings will be rejected without review. A single
conduit run with wiring shown on separate interconnect drawings will
be allowed only after written approval is given by the Engineer for
each conduit run prior to submitting the associated interconnect
drawings.

Only field wiring between swiichboards, MCCs, Panelboards, Control
Panels, and other electrical and instrumentation devices or
equipment shall be shown on interconnection drawings, No internal
panel wiring shall be shown on interconnect drawings except jumper
or other wiring to he installed in field by Electrical Contractor,

interconnect Drawings along with the corresponding support
documents shall be submified in a separate submittal package.
mterconnect drawings submitted with non interconnect drawing
packages will be rejected. The latest support documents shall be
obtained by system supplier from Confractor for all non-division 18
Instruments, panels, and equipment, and included with interconnect
drawing submittal, Support documents shall have their submittal
number marked in upper right hand corner,

Provide a notes section on each interconnect drawing. in the note
section, provide a detailed list of any variances from the Contract
conduit schedule necessary for completing the interconnactions (i.e.
wire fill changes, conduit additions, etc). Change orders regarding
wire fill, conduit schedule and errors in plans regarding conduits and
wiras may not be processed until interconnect drawings have baen
received for such work.

The field electrician shall mark-up all interconnection diagrams
during installation to show accurate as-built wiring, conduits runs,
terminations, ete. H interconnection drawings are not properly as-
built, the Electrical Contractor will have cost deducted from the
Contract for the Owner to field verify and prepare as-built
interconnection drawings amount. The amount of the deduction shall
be daterminad oh a time and material basis. The cost of such work
shall be $120.00 per hour plus expenses.

The system supplier shall be responsible to collect all information
nacessary to complete each interconnection drawing. This includes
making fieid trips to collect alf terminal connaction data for new and
axisting, pansls, switchboards, panelboards, instruments, equipment
and electrical panels.

An index of drawings shall be provided with each Interconnection
submittal listing the unigue drawing number and the description of
the interconnact drawing (e.g. Drawing 4321-1C1004 Pump 1004
Interconnect Drawing).
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aa. Frovide conduit and interconnect drawing cross reference indexes.
Interconnect Conduit Index shall list all conduits listed in the Conduit
& Wire Routing schedule and its associated Interconnection Drawing
number. An Interconnection Drawing Index shall list all
Interconnection drawings and the conduits shown on that specific
drawing.  These fwo indexes shall be at the front of all
interconnection drawing submittals.

tb, Interconnaction submittals that contain more than two motor control
nanels/centers shall have heavy duty dividers with permanent plastic
labeled index tabs separating each group of drawings.

Submit full size drawing of alt 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 foillowing:

a. Dimensions of nameplate.

B, Exact lettering and font for each nameplate.

&, Coior of nameplate.

d. Color of lettering.

g. Materials of cohstruction.

f. Meathod and materials for attachment,

g. Drawing showing location of nameplate on each panel.

Each submittal shall be bound in a three-ring binder, which is sized such that whan
alf material is inserted the binder is not over 3/4 full, Binder construction shall allow
easy removal of any page without complete manual disassambly; spiral ring type
birnders are not acceptable.

i

Each binder shall he appropriately labeled on the outside spine & front cover
with the project name, contract number, equipment supplier's name,
speciiication section(s), and major material contained therein,

An index shail be provided at the inside of the front cover, This index shall
temize the comtents of each {ab and sub tab section. Also hst the project
name, contract number and equipment supplier's name, address, phone
nurnber, and contact person on the index page. Index dividers (tabs) shall
be provided to separate each saction,

All copies shali be clear and legible. Data sheets shall be provided for each
instrumert, with an index and proper identification and cross-referancing.
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Field eqguipment shop documents, panel equipment shop documents,
drawings, and bill of materials shall be grouped under separste tabs.
Catalog cuts shall be ordered in the same sequence as their corresponding
Contract specification subseaction,

Failure to provide submittals with heavy duty permanent plastic labeled
index tabs may be grounds for immediate rejection without review.

Drawings shall be submitted in 2 separate hole-punched binder that covers
the entire 11" X 17" length of the Drawing:

a. Shop Drawings with less than 10 sheets total in the submittal, may
be provided in an 117-inch by 17%-inch reinforced folder.

b. All Interconnection Drawings or Shop Drawings of 10 sheets or more
shall he provided in separate three-ring binder to allow drawings 1o
be easily removed. Binder shall be Cardinal D-Ring Easy Open
Ledger Binder with focking D-Rings or approved equal.

o Failure to provide drawing submittal in correct binder format may be
grounds for immediate rejection without review.

d. Each drawing title block shall contain the English description name
for drawing contents (i.e Lift Pump No. 1 Interconnect Drawing) and
drawing number. Al pages and drawings in the submittal shall be
numbearad sequentially (with no number skipped) in lower right hand
comner.

&. Drawings that are "C" or "D" size shall be folded, with the title block
visible and placed in reinforced clear plastic pockets.

Exceptions to the Contract Specifications or Drawings shall be glearly definad by the
EBauipment Supplier,

1.

Data shall contain sufficient details so a proper evaluation may be made by
the Engineer. Contractor shall provide separaie letter (located in the front of
the submittal) detailing specific excepltions to the Contract Specifications or
Drawings.

Exceptions that are noted in the marked-up Drawings or Specifications, but
not listed on the Exceptions/Clarifications lelter, will be considered as non-
rasponsive and not accepted as changes o the Confract Documenis

The Supplier shall coordinate submittats with the work so that the project wiil not be
detayed, This coordination shall include scheduling the different categories of
submittals so that one will not be delayed for lack of coordination with another.

Mo material or equipment shall be allowed af the job site until the submittal for such
items has been favorably reviewed by the Engineer and marked "No Exceptions
Taken” or "Make Corrections Noted.”
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i The equipment specifications have been prepared on the basis of the equipment
first named in the Specifications. The Supplier shall note that the second named
eguipment, if given, is considered acceptable and equal equipment, but in some
cases additional design, options, or modifications may be requirad, at no additiona
cost, o meet Spacifications.

J. The decision of the Engineer governs what is acceptable as a substitution. If the
Engineer considers it hecessary, tests to determine equality of the proposed
substitution shall be made, at the Supplier's expense, by an unbiased laboratory
satisfactory to the Engineer,

K. Electrical submittals shall be complete giving all details of conneactions, wiring,
instruments, enclosures, materials and dimensions, Slandard sales literature wilf not
be acceptable.

L. Reguest for information (RFIs) shall not be included in submittals, RFI's shall be
submitted separately in its individual submittal number.

M. Resubmittale shall be provided with a copy of the previous submittal comments and
a separate leller, on company letterhead, identifying how each submittal commaent
has been addressed in the resubmittal.
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PART 2 - PRODUCTS

2.M QUALITY

A

Apri 2010
454:02-09-02

Al eguipment and materials shall be new and the products of reputable suppliers
having adequate experience in the manufacture of these particular items. For
uniformity, anly one Manufacturer will be accapted for each type of product.

All equipment shail 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 operation. AH eguipment shall be adequately stayed,
braced and anchored and shall be installed in a neat and workmanlike manner, Al
componants and devicas installed shall be standard items of industrial grade, uniess
otherwise noted, and shall be of sturdy and durable construction. Light duty, fragile
and compaditive grade devices of doubtful durability shall not be used,

Products that are specified by Manufacturer, trade name or catalog number
astablish a standard of guality and do not prohibit the use of equal products of other
Manufacturers when a listing "ot approved equal” is given provided they are
favorably reviewed by the Engineer prior to installation,

Underwriters Laboratories (UL) listing is requirad for ali substituted equipment when
such a listing is available for the first named squipment.

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 prapared in such
auantities and sizes as may be reglired for proper examination and tests, with all
freight and charges prepaid. Al 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.

it is the System Supplier's responsibility to visit jobsite to collect and document
existing equipment device part numbers in order for ali similar called out naw
aquipmeant to match existing.
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202 NAMEPLATES & TAGS

A.

Egquipment axtarior namepiates - Nameplate material shall be rigid laminated black
phenolic 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
nameaplate shall be as shown on the drawings. No letters are allowed smaller than
3/16". All phenolic nameplates located outdoors shall be UV resistant, Securely
fasten nameplates in place using two 316 stainless steel screws if the nameplate is
not an integral part of the device. Epoxy cement or glued on nameaplates 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,
the Manufacturer's name, model designation, part number, serial number,
and pertinent ratings such as voltage, amperage, # of phases, range, UL
listing, elc.

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

Equipment Interior Nameplates - Nameplate material shall ba clear plastic with black
machine printed letiering as produced by a KROY ar similar machine,; except
caution, warning, and danger nameplates shall have red lettering. The size of the
nameplate tape shall be no smaller than 2" in height with 3/8" lettering unless
otherwise approved by the kEngineer. Securely fasten nameplates in place on a
clean surface using the adhesion of the tape. Add additional clear glue to hold the
nameplate securely in place when necessary. Nameaplates shall not be attached to
wireways or gutters. For each device with a specific identity (refay, module, power
supply, fuse, terminat block, etc.) mounted in the interior of a piece of eguipment
provide a nameplate with the inscription as shown in the Contract documents,
Where nio 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 submitial.

Equipment Tags - When there is no space or it is impractical to attach an engraved
phenolic nameplate with screws, as is the case with most field devices and
instruments, the Cantractor shall attach a tag to the equipment with the same
inscriptions as specified above in paragraph A. The tag shall be made from 316
stainiess steel material and the size of the nameplate shall be no smaller than 3/8"
x 2"w with 3/16" machine printed or engraved letlering untess otherwise approved by
the Engineer. The tag shall be attached fo the equipment with 316 stainless steel
wire of the type normally used for this purpose.
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2.03 CONTVROL DEVICES

A,

Components

1.

Fuses

a,

d.

Fuses used in circuits 200 VAC and sbove shall be time- delay type
FNQ or approved equal, 13/32" x 1-1/2", and have an interrupting
rating of 10,000 AIC at 500 VAC. Fuse holders shall be of the barrier
type and rated 600 VAC.

Fuses used in 120 VAC shall be time-delay type MDL or approved
etual, /4" x 1-1M4" and have a rating of 250 VAC, Fuses larger than
8 amps shall be DMA or approved equal, Fuse-holders shall be of
the terminal block type.

Fuses used in signal and 24 VDC circuits shall be fast acting type
ABC or approved equal, 1/4" x 1-1/4" and have a rating of 250 VAC,
Fuse-holders shall be of the terminal block type,

Fuses shall be sized in conformance with the NEC.

Switches and Pushbuttons

a.

Switches (M8) and pushbuttons (HGC) for general purpose
applications shall be water and off tight, as defined by NEMA 13,
corrosion resistant, as defined by NEMA 1C3 6-110.58, UL, listed,
standard 30 mm diameter, with round plastic clamp ting. Switches
shall be Allen-Bradiey 8007 or approved equal,

Switches and pushbutions shall have contacts rated 10 amperes
continuous and 600 VAC.

Manufacturer's standard size legend plates shall be provided and
angraved to specify each switch and pushbutton function. The
legend plate color shall be black.

Selector switch handles and pushbutton caps shall be black,

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

Relays and Timers

a.

General: Relays and timers shall be provided with N.O. or N.C,
contacts as shown on the Contract drawings. All spare contacis
shown shall be provided. Contacts shall be rated 10 amps minimum
at 120 VAC, 80 Hz unless otherwise stated. Supply power or coll
voltage shail be 120 VAC unless shown otherwise on the Contract
grawings. Relays and timers shall be designed for continuous duty,
All relays shall be UL, listed. The following s a summary of
abbreviations associated with relays and timers:
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CR - Control ralay

PER - Power Fail relgy

TR - Timing ralay

TDOE - Time delay on energization
TDOD - Time delay on de-energization

Control relays (CR) shall be plug-in type with indicating fights and
clear see-through sealed or enclosed housing to exclude dust,
Sockets for plug-in relays shall be standard industrial type 8 pin with
barrier pressure screw terminals. Provide IDEC type RH, Potter and
Brumfield, or approved equal. Two form-C contacts {minimum) shail
be provided on each relay.

The power fail relay (FFR) shall continuously monitor the three
nhases for undervoliage, voltage unbalance, phase ioss, and phase
reversal, The power fail relay shall both normally open and normally
closed relays, Power {ail relays shall be Diversified SLJ, Time Mark,
or approved egual,

Time delay refays (TR} shalt be solid state plug-in relays with a timer
adjustable over the range 1 second to 3 minutes unless other ranges
are indicated or required. Provide LED timer energized indicator
lamp. Sockets for plug-in timers shall be standard industrial type 8
pin with barriered pressure screw terminals, Time delay relays shall
he Sguare D, Potter and Brumfield, or approved equal.

4. Indicating Lights

a.

Indicating Lights for general purpose applications shall be water and
oil tight as defined by NEMA 13, corrosion resistant as defined by
NEMAICS 6-110.58, UL listad, Migh intensity multi-chip LEDs, full
voltage (unless shown otherwise), standard 30 mm diameater, with
round plastic lens and mintature bayonet lamp base. Indication lights
shall be Allen-Bradley 8007, to maich Owner Standard.

Manufacturer's standard size legend plates shall be provided and
angraved to specify each light's function. The legend plate color shai
he black.

Indicating lights shall be provided with a push-to-test (PTT) switch
and wiring.
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B.

d. tndicating light type and color of lens shall be 85 shown on the
Drawings or specified in the Contract documeants. Lamp color will be

as follows:

1) Open/On Green
2) Closed/Off Red

3 Alarm Amber
4) Power On White

Circuit Bregkers

1. Circuit breakers shall be of the indicating type, providing ON, OFF and
TRIFPED positions of the operating handle. Circuit breakers shall be
guick-make, quick-break, with a thermal-magnatic (TM) action, except
when protecting motor feeders whare motor circuit protector (MCF)
breakers with adjustable magnetic trip shall be used. Circuit breakers
shall be the bolted on type. The use of tandem or dual circuit breakers in
a normai single-pole space to provide the number of poles or spaces
specified are not acceptable, All multiple-pole circuit breakers shall be
dasigned so that an overload on ong pole automatically causes all poles
to open. Circuit breakers and motor circuit protectors shall be
manufactured by Square D, Allen-Bradiey or approved equal,

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

4 Fused disconnasts shall not be used in place of breakers,
Elapsed Time Meaters

1. Elapsed time metars (ETM) for genaral use shall be nonresettable with
0.0 to 89,8999 hour readout, parmanently lubricated synchronous motor
drive, surface mount housing, screw terminals, and rated at 120 VAC, at
&0 Hz. Elapsed time meters shal be Cramer 635, Stemco-Engler Series
210, or approved saual.

Motor Starters
1. Coniaciors

a. Metor starters (M) shall be magnatically operated, electrically held,
fuli voltage, non-reversing except as shown on the Drawings. NEMA
sizes shall be as required for the horsepower of the motor supplied.
Starters that are not NEMA rated are not acceptable, Contactors
shall be U.L. rated and listed. Motor starters shall be Allen-Bradiey,
Square D or approved equal.

LRV

Fach motor starter shall have a 120 volt operating coil rated for
continuous opearation,
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3. Auxitiary contacts shall be provided as shown on the Drawings or as
required. Each motor starter shall be furnished with a minimum of 2 spare
auxiliary contacts in excess from those shown to be used. Auxiliary
contacts shall be convertibie, in the fiela, from normally open to normaily
closed or vice versa.

4, Overload relays shall be adjustable for trip point and for attomatic or
manual reset. Each overioad shall be ambient compensated and shall trip
on BO0% of full load current in less than 6 seconds. Each overload relay
shall have a test trip pushbutton buili-in and an adjustable calibrated trip
with indicating dial. Three-phase starters shail have 3 overload relays.
EFach overlpad relay shall have a normally closed holding contact and a
normally open isolated contact for overload alarm. Motor overloads shall
be Furnas, Square "D" or approved equal. Haater elements shall be
supphied that match motor nameplate amps. There shall be a steel
operator, with insulated plastic foot (for safety) through the front door for
manual reset of overload relay.

E. Terminal Blocks
1. Conirol Panel Terminal Blocks
a. Terminal blocks to be clamp type, Bmm spacing, 600 volt, minimum

rating of 30 amps, and mounted on DIN rail, Phoenix Contact UT-4/6
or approved equal.

o} DIN rail shall be same type as used for the relays. Install an exira
DIN rail on each type of terminal strip with 4 terminals for fulure
additions.

C. Provide terminal blocks with "follower" plates which compress the

wires and have wire guide tangs for ease of maintenance. Terminal
blocks which compress the wires with direct screw comprassion are
dnacceptable. All power, control and instrument wires entaring and
eaving a comparimeant shall terminate on terminal blocks with wire
numbars on terminals and on both ends of the wires.

d Terminal Tags and Markers: Each terminal strip shall have a unigue
identifying alphanumeric code at one end (Le. TB1, TBZ, &l¢c.) and
plastic marking strip running the entire length with a unigue number
for each terminal. On each terminal strip, terminal numbers shali be
assigned starting with #1 at one end, incrementing in alphanumerical
order (e 1.2,3,4....). Numbers shall be assigned to all blocks
except grounding Mocks, Fuse blocks shall be agsigned unique tag
numbears such as FUT, FU2, No two fuses shall be assighed the
same tag number,
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@. Flastic marking tabs shall be provided to label sach terminal block.
These marking tabs shall have a unique number/etter for each
terminal which is identical to the "elementary” and "loop" diagram
wire designation. Numbers on this marking strip shall be machine
printed and 1/8 inch high minimum.

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

a. Provide a ground terminal or connection point for each grounding
conductor,
b, Provide a separate common or neutral terminal for every two

(maximum) inputs and/or outputs,

Surge Protective Device

1.

The surge protective davice shall be rated for voltage on a 208V VAL, 3
phase sysiem as shown on Contract Drawings. The maximum transient
current the surge protective device will dissipate will be 80,000 amps. The
surge protective device shall be Leviton 42000 series, Faton or approved
equal.

Fanelboard

1.

The Centractor shall furnish a panalboard of the type indicated on the
Contract E-zeries Plans and specified herein. Panelboard to be provided
with breakers shown on Contract Drawings. Panelboard with & 240V
high-leg (stinger) shall not be used.

Frovide panelboard with steel bolt-on type breakers.

A copper ground and neutral bus bar shall be included in panelboards
with terminal screws,

The panelboard shall comply with the applicable sections of UL, NEC,
W.LLE S E.C., O5HA and NEMA and shall be manufactured by Square D,
Allen-Bradley or approved eqtivalent,

Pravide a machine typed circuit directory on inside of panelboard of dooy
breaker identification when panelboard is delivered to site. Updata the
paneiboard lagend at end of project to reflect as-built conditions.
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M. Loop Powerad Indicator shall be a slim-line, edgewise, electronic, 2 wire loop
powered, 4-20 mA input, 3-1/2 digit red backlit positive image transflective LCD
display with 0.6" characters, The indicators shall be scaled in the actual
enginearing units with the proper range rather than generic units of ( to 100%.
Each indicator shall require ne external power supply or intermal hattery for
operation. indicaters located in field shall be mounted in the Control Panel and
shall have a NEMA 4X/iP65 sealed front panel bezel. Temperature range shall
be from 0° to +60° Centigrade. The indicator shall be Red Lion CUR4LP40,
Mewpor, or approved aqual.

204  UTHIITY METERING

A.  Provide a dead-front type, utllity metering cabingt as shown on one-ling diagram
drawing and elevation diagram drawing. Metering main shall include meter
sockat, factory installed breaker and test by-pass facility. Voltage and amperage
ratings shall be as shown on one-line diagrams. Metering shall be rated for 2
minirmum interrupting current shown on Contract Drawings.

B.  Wiring and terminai blocks within the cabinet shali be furnished as required.
Control components mounted within the assembly, such as test blocks, power
termination block, ste., shall be suitable marked for identification c:c::rrc-zapondmg
to appropriate desngnattons on Manufacturer's wiring diagrams.

C. Provide Service Entrance UL Label and necessary applicable service entrance
features per NEC, local codes, and PGAE requirements.

0. Metering cabinet shall be NEMA 3R construction for underground uiility service.

£, Metering to be approved in writing by Power Utility prior to the start of fabrication.
The Contractor shall be responsible for abtaining written Utility approvat of the
metering cabinat, A copy of this written Utility approval shall be submitted 10 the
Qwner prior to shipment of Metering to jobsite.

F.  The Contractor shall obtain the required inspections and pay all permits and fees
for the new service.

205  WIRE
A.  This section applies to all wires or conductors used internal (non-field) for all
alectrical equipment or external for field wiring. Wire guantity and size shail be
per ‘Conduit & Wire Routing Schedule”. ‘

B, Maierial - Wire shall be new, plainly marked with LIl label, gauge, voltage, type
of insulation, and Manufacturer's name. All wire shalt conform to the following:

1. Conductors shall be copper, with 2 minimum of 98% conductivity.
2. Wire shail be Class B stranded.

3 Insulation of all conductors and cablas shall be rated 600 volt,
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insutation type for conductors smaller than #6 AWG shall be moisture and
heat resistant thermoeplastic NEC Type THHN/THWHN, rated 80 °C in dry
focations and 75 °C in wet locations, or approved egual. Conduciors #6
AWG and larger shall be XHMW insulation rated 90 °C in dry locations
ahd 75 °C in wet locations.

Field wire minimum AWG sizes:

a, #12 for wires used for individual conductor circuits 100 volt ang
abhove, excapt for Control Wire which may be #14AWG when fisted in
the Conduit and Wire Routing Schedule.

b. #14 for wires usad for individual conductor cireuits below 100 valt,

Non-field or aguipmant wirg minimum AWG sizes:

a. #168 for wires used for ndividual conductor circuits 100 volt and
above,
b, #18 for wires used for individual conductor circuits below 100 volt.

instrument wiring:

a. Field: Insfrument cables shall have 800V tray/UV rated cable rated
insulation and 100% individual shielded twisted pair #16 AWG
conductors with drain wire,

¢3 Mon-Field (inside enclosures): Instrument cables shall have 800V
rated insulation and 100% individual shielded twisted pair #18 AWG
conductors with drain wire.

c. Single twisted shielded pair (T.5.PR.) cables shall be Belden or
approvad equal.

Special purpose wirlng:
a. Manufacturer Supplied Cables (MNFR CBL): Cables and wiring for

special systems shall be provided by the Manufacturer with the
equipment and installed per the Manufacturer's recommaendations.

C.  Color code - color code of all wire shall conform with the following table. Tape
color coding allowed only on #8 AWG wires and larger.

WIRES COLOR CODE TABLE

DESCRIFTION PHASE/ FIELD WIRE NON-FIELD WIRE
CODE WIRE OR TAPE COLOR
LETTER COLOR

480V, 3 PHASE A BROWN BROWN
B ORANGE ORANGE
C YELLOW YELLOW
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DESCRIPTION PHASES FIELD WIRE NOM-FIELD WIRE
CODE WIRE OR TAPE COLOR
LETTER COLOR
240V or 208V, IF A BLACK "
B RED (ORANGE if -
high leg)
C BLUE -
2407120V 1P L1 BLACK BLACK -
L2 RED -
24V POSITIVE 24P FINK FINK
24V NEGATIVE 24N BLACK BLACK
AC CONTROL VIOLET RED (YELLOW FOR
FOREIGN CIRCUITS)
DC CONTROL BLUE BLUE
MEUTRAL N VWHITE VWHITE
GROUND G GREEN GREEN
SHIELDED PAIR + CLEAR CLEAR
- BLACK BLACK

Note #1; High leg of open delta shall be ¢olored orange per NEC 215-8.

p.

Wire tdentification - Al wires, field and interior (non-field) to equipment, shall be
identified with machine parmanent ink printed sleeve markers or clip-on markers
coverad with clear plastic heat shrinkable tubing. Hand lettered wire labels are
not acceptable and shall be replaced al the Contractot's expense. All wires that
are electrically the same (connected to common termination peints) 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 shaill be
identical. Tubing shall be sized for the wire and shrunk into place with the
properly sized heat gun. The wire identification code for field and panel wiring
shall be the number/letter designated on the approved "elementary,” laop” and
‘interconnaction” diagrams,

206  CONDUIT, RACEWAYS, AND VIREWAYS

A

454-02-09-02

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

1. Albwiring shall be instalied in conduits, raceways, or wireways when
intercannecting equipment and devices,

2. The Conlractor 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 rtinimum size conduit shall be 3M.-inch uniess indicated otherwise on
the Drawings or for special connections to eguipment.
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Conduit stubs shall be capped with coupling, nipple, & cap and each end
identified with conduit labels.

Conduit Marking

a. All conduits listed in the “Conduit and Wire Routing Schedula” shall
have conduit tags at both terminations of each conduit,

b. Tag material shall be rigid laminated red phenolic with white lettering.
The size of the tag shall be 2" diameter. No letters are allowed
smaller than 7/16". Tags shall be heat and UV rasistant, stainpreof,
electrically non-conductive and non corroding. Securely fasten tags
in place using UV resistant, biack plastic tie-wraps, Engrave the tags,
o both sides, with the conduit number as listed in the Conduit and
Wire Routing Schedute on the Contract "E'-series Drawings,
L.abeling shall be neatly installed for visibility and shall be clearly
legible. Conduit fags shall ba Brady Custom B-1 or approved equal.

Galvanized Rigid Steel Conduit ~ (GRE)

1.

5

Standard weight, zinc coated on outside by hot-dipping or sherardizing
process, Fabrication shall be hot-dip galvanized after fabrication,
conforming to NEMA RN1.

Provide galvanized rigid steel factory elbows for 90 degree transitions,

Fittings and couplings shall be hot dippad galvanized steel or galvanized
cast ferrous metal, Provide threaded-type fittings, couplings, and
connectors; set-scraw type and comprassion-fype are not acceptable.

All joints shall be freated with T & B type CP "Kopr-Shield," LPS No. 3
rust inkibitor, or approved equal.

All junction and metal pult boxes shall be galvanized.

Metal conduits entering enclosures shall be filted with insulated grounding
bushing; O-Z "HBLG", Appleton "GIB", or approved equal. Al grounding
bushings shall be tied to the grounding system with properly sized
handing conduciors per the NEC code.

GRS conduit is allowed only when specifically called out in the "Conduit
and Wire Routing Schedule”.

Galvanized Rigid Steel Conduit - PVC Coatad (GRS-PVC)

1.

Standard weight, galvanized conduit with a 40-mil thick polyvinyichloride
coating bonded to hoth the outside and urethane interior coating. Conduit
shall be hot-dip galvanized conforming to NEMA RN 1. GRE-PVC
conduit to be Robroy Plasti-bond Red or approved equal,

Provide PVC costed galvanized rigid steel factory slbows for 80 degree
ransitions.
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Fittings shall be hot dipped galvanized steel or galvanized cast ferrous
metat with a PVC 40 mils thick coating. Provide threaded-type fitlings,
couplings, and connectors, set-screw type and compression-type are not
acceptable,

All junction and matal pull boxes shall be galvanized with exterior
surfaces PVC coated to 40 mils thickness.

Conduits enteting enclosures shall be fitted with insulated grounding
bushing; O-2 "HBLG", Appleton "GIB", or approved equal. All grounding
bushings shall be tled to the grounding system with propertly sized
bonding conductors per the NEC code,

GRS-PVC conduits shall be used for underground conduits where listed
in the “Conduit and Wire Routing Schedule”.

0. PVC Conduit, Scheduie 40 or 80 (PVC)

1. Bhall be high impact schedule 40 or 80 polyvinyichloride 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
bad evenly compactad on all sides, top and bottom,

4, Bends, elbows, and risers shall be made with FVC coated galvanized
rigid steel (GRS-PVC)Y conduit using threaded adapters. Bond each
metallic portion 1o each other and to equipment connected af each end of
conduit run,

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.

£, Liguid Tight Flexible Metal Conduit - (FLEX)

1. All flex conduits shall be metaflic with water tight outer jackets.

2. onnectors: -

a, MNEMA 1 or 12 Areas: Metallic with ingulated bushings.
b. Non-NEMA 1 or 12 Areas: PVC coated metallic with insulated
bushings.

3, Final connections to vibrating equipment such as heaters and fans shall
be made with flexible conduits

4. Flexible conduit lengths shall not be greater than 36 inches.

April 2010 16010-27 Priority 1 Sewer Replacement Project
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8.

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

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

Flex conduits shall be used for conduit coupling to all vibrating and
shifting equipment.

Flex conduits shall be Thomas & Betts, to match Owner Standard,

2.07  WIRING DEVICES

A.

Boxes

1.

Concealed device boxes shall be of zinc-galvanized stael type with shape
and size best suited for the particular appilication, rated for the location
installed, and shail be supported directly fo structure by means of screws,
anchors, or bolts,

Exposed boxes iocated in outdoor or in moist locations shall be
weatherproof (WP) PVC coated cast type with threaded hubs. Indoor
exposed hoxes not in moist locations can be non-coated cast type.

Rox dimensions shali be in accordance with size, quantity of conductors,
and conduit clearances per NEC aricles 314 requirements.

Switches

1.

General purpose switches shall be manufactured in accordance with LIL
20. Switches shall be one pole rated, 20 amps, at 277 VAC. Bodies shall
be of ivary phenolic compound supported by mounting strap having
plaster ears, Switches shali have copper alloy contact arm with silver
cadmium oxide contacts, Switches shall have slotted terminal screws
and a separate green grounding screw. Furmish Hubbell 1221, Leviton
1221, or approvad equal,

Receptacies

1.

General purpose receptacles shall be duplex and rated 20 amps, 120
VAC, 2 pote, 3 wire grounding, NEMA 5-20R configuration, specification
grade, and side wired 1o screw terminals. Face color shall be white or
ivory. General purpose recepltacles shall be Leviton 5362, Bryant,
Mubbeil, or approved egual.

GF} (ground fault circuit interrupting) receptacles shall be used in all
hoxes 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. Receptaclas shall be designed.
manufactured, and tested to prevent nuisance tripping from voltage
spikes, RFL EMY, or elactronic component faitures. Chaining multiple
receptacles from one G| unit ts not acceplable. GF| receptacles shalt be
Leviton 8894, Arrow-Hart or approved aquat.

“Apri] 2010
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3. Raceptacies installed in Control Panel to be DIN rail mounted Phoenix
Contact EM-DUO to match Owner Standard.

Device Plates and Covers

1. Naon-Weatherproof general purpose device plates and covers shall be 316
stainless steel, Plates or covers shall be attached with 318 stainless steel
screws. Cirouit breaker number and panelboard name shall be stamped
on each cover,

2, Device piates and covers for cast metal boxes shall be same material ag
the box.

3. PV coated davice boxes shall have PVC coated gasketed covers,

4. Each receptaclte access cover shall have a gasketed spring door to

maintain the weatherproof infegrity with plug inserted in accordance with
NEC 408.8 for unattended locations. Final decision of type of access
cover for specific location shall be per engineer. Screws and hinge
springs shall be 316 stainless steel. Weatherproof access covers shall be
Hubbeall, Tay Mac, Crouse-Hinds, or approved squal,

L2

Receptacle and light switch plates shall be stamped or engraved as
spacified harein,

2.08  GROUNDING SYGTEM

Install bare copper grotnd bond wires to the various locations shown on the
Ground clamps shall be bol-on type as manufaciured by HLSCO type AGC, O-Z
Grounding conductors shall be sized as shown on the Plans or in accordance
All buried, ground rod; large pipe, and steel plate or frame ground bond
connections shall be made by exothermic welding process equal to CADWELD,
The ground rods shall consist of not less than 10 continuous feet of ¥-inch
copper coated electroptated high grade carbon steel. The ground rods shall be
pointed type, Ui listed, manufactured of 1035 cold drawn steel. The ground rods
shall extend up for visibie connection of & UL approved "ground clamp”.

Provide 14 inch diameter, 9-inch nominal throat, 12 inches depth minimuim,
conerete ground rod boxes where shown on plans. Boxes to have cast iron traffic

manufactured by BES Concrete Products, Christy Concrete Froducts, or

Grounding and bonding wires shalt be installed in all conduits and raceways and

14010-29  Priority | Sewer Replacement Project
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drawings.
B.
Gedney type GRC, or approved equal.
C.
with NEC table 250-122, whichever is larger.
D.
E.
k.
cover embossed or engraved "GROUND." Ground rod boxes to he as
approved equal.
G,
connected to the grounding termination point in all equipment.
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Each ground bus shall be copper. 3crew type fasteners shall be provided on all
ground busses for connection of grounding conductors, Ground bus shall be a
Challenger GB series, ILSCO CAN saries or approved equal.

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

The system neutral (grounded conductor) shall be connected to the system's
grounding conductor at only & single point in the system. This connection shall
be made by a removable bonding jumper sized in accordance with the applicable
provisions of the Nationat 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.

One side of the secondary on ali transformers and DC power supplies shall be
grounded to the ground bus.

Al raceway systems, supports, enclosuras, panels, motor frames, and equipment
housings shali be permanently and effectively grounded.

All receptacles shall have their grounding contact connected to a grounding
conductor.

Branch circuit grounding conductors for receptacles or other electrical ioads shall
be arranged such that the removal of a lighting fixture, receptacie, or other load
does not Interrupt the ground continuity to any other part of the circuit,

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

209  MANUAL TRANSFER SWITCH
A, Manual transfer switch to be double throw enclosed switch, 3 pole, 208VAC,
200A, Non-fusible, 3 pole, open style as manufactured by ASCO or approved
equal.
210 ELECTRICAL ENCLOSURES AND BOXES
A, Enclosures and boxes to be wall mounted, minimum 14 gauge, type 318
stainless steal with seams continuously welded & ground smooth, and fast
access door latches. Quter door shall have provisions for focking enclosure with
standard padiock, Provide white backpan in box. Enclosure shall be Hoffman,
Circle AW or approved equal,
April 2010 T 16010-30 Priority T Sewer Replacement Project
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FPART 3 - EXECUTION

3.01 WORKMANSHIP

A
B.

C.

Al work in this Seclion shall conform o the codes and standards outlined harain.

The Contractor shall employ personnel that are skiiled and experienced in the
installation and connection of all slements, equipment, devices, instruments,
accessories, and assemblies. Al installation 1abor shall be performed by qualified
paersonnel who have had experience on similar projects.  Provide first class
workmanship for all installations.

Ensure that alt equipment and materials fit property it their instaltations,

Ferform any required work 1o correct improper installations st ne additional expense
to the Owner.

The Engineer reserves the right to halt any work that is found to be substandard or
heing installed by ungualified personnel,

3.02 CONSTRUCTION METHODS, GENERAL

A.

All figld wires and panel wires shall have wire markers as specified in the "WIRE"
subsaction. ‘

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

Where anlices are allowed or approved by the Engineer they shall conform with the
following:

1. Wire splicing devices shall be sized according to Manufacturer's
recommendations.
2. Splices of #10 and smaller, including fixiure taps, shall be made with

sea-thru nylon seif-insulated twist on wire joints; T & B "Piggys”, deal
"Wing-Nut" or approved equal,

3 Splices of #8 and larger shall be hex key screw two way connectors, with
built in lock washers; T & B "Locktite," O-Z type XW or approved sgquat,
insulated with 3M Scotch Supet #88, Plymouth or approved agual,

4. Splices in underground puilboxes and exterior connection boxes shall be
insulated and moisture sealed with 3M "Scotehlok” cast resin splice kits. Do
not use splice kits with a date marking for shelf life that hag expired,

303  PANEL FABRICATION

A

Panel cutouts for devices (i.e. indicating lights, switches) shall be cut, punched, or
drilled and smocothly finishad with rounded edges. Exposed metal from cutouts that
are made after the final paint finish has been apphed shall be touchad up with a
matching paint prior to instaliing device, Do not paint nameplates, labels, tags,
switches, receptaclies, conductors, efc.

Aprif 2010
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All Panel doors shall he fully gasketed with non-shrinkable, water and flame
resistant material,

Bolis 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.

kach component within the Pane! shall be securely mounted on an interdior cubicle
of backpan and arranged for easy servicing, such that all adjustments and
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 panet or backpan shall not be
required for removing any component.

A ground bus shall be provided in each bussed Panel section, lf shall have
provisions for connecting a minimum of ten grounding conductors. Screw type lugs
shall be provided for connection of grounding conductors. Al grounding conductors
shall be sized as shown on plans or in accordance with NEC Table 250.95,
whichever is larger.

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

Future device and caomponent 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. Also, add extra DIN rail 1o
altow adding relays & terminal blocks in the future as called out on Contract
drawings.

Dioars shali swing freely a minimum of 80° and close with proper alignment.

HARNESS: Where space is avallable, all wiring shall be run in slotted plastic wire
ways of channels with dust covers. if space is not available for wireways, then all
wiring shall be neatly bundled and laced with plastic tie-wraps, anchored in place by
screw attached retainer. Wire ways or channels shall be sized such that the wire fill
does not excead 60%. Tie-wraps shall be T&B TY-RAP 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 shalt be Graybar T25N or approved equal.

RETAINERS: Wire ways, refainers, 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.
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ROUTING: Wires shall be routed in slotted plastic wire-ways with snap covers.
Wires carrying 120 VAC shall be separated as much as possible from ofther low
voltage wires and signa! cables, and shall be routad 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 angie as possible. Ducts for 24 VDC wiring shall be used for al} other wires
and cables. Routing of 120 VAC in combined ducts is not allowed without prior
writien approval of the Owner, Wires and cable shall be routed along the shortest
route between termination points, excapting routes which would result in routing 120
VAC and other wires and cables in the same duct. Wires and cables shall have
suffictent length to aliow slack and to avoid any strain ot tension in the wire or cable.
Wires and cables shall be placed in the ducts 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.

Wiring not routed in duct work shall be neatly bundled, treed, and laced with plastic
ties. Wiring across door hinges shall be carefully made up and supported to avoid
straining and chafing of the conductors or from putiing any strain on their terminals.

TERMINATIONS: Single wire and cable conductors shall be terminated according
to the requirements of the terminal device. All terminations must be made af
terminais or terminal blocks. Use of spring or buitsplice connectors are not allowed,

1. Provide 3" minimum separation between wireway and terminal blocks.
Instaliation of wireways too close to terminal blocks will be required to be
completely reworked to the satisfaction of the Owner.

2. For captive screw pressure plate type terminais, the insulation shall be
removead frorm the last 0.25 inches of the conductor. The conductors shail he
inserad under the pressure plate to full length of the bare portion of the
conductor and the pressure plate tightened without excess force. No more
than two conductors shall be installed in a single terminal. All strands of the
conductor shall be captured under the pressure plate.

3, For screw terminals, appropriately sized locking forked spade iugs shall be
used. Lugs shall be crimp on type that form gas tight connections. Al
crimping shall be done using a calibrated crimping tool made specificaltly for
the fug type and size being crimped.

4. On shielded cablas, the drain wire shall be coverad with insulating tubing
along its full bare length betweaen the cable jacket and the terminal lug or
tarminal pressure plate.

5. For screwless terminals, wire shall be stripped back and inseried per the
Manufacturer's instructions, When stripping insulation from conductors, do
not score or otherwise damage conductor,

8. Meat shrink shall be placed on ends of shielded cable to cover foil.

Aprl 2010
454-02-09-02

16010.33 Prionity 1 Sewer Replacement Project
Flectrical



7. Additional condulets with terminal blocks shall be supplied for wire
termination to devices with leads instead of terminals (i.e. solenocid valves,
lavel probe, eic.).

0. All davices and wiring shall be permanently labeled.

#.  All components associated with a particular compariment's or enclosure's function
shal he mounted in that compartment or enclosure.

Q.  Spacing and clearance of components shall be in accordance with UL, JiC, and
NEC standards.

3.04  DAMAGED PRODUCTS

A, Damage products wili not be accepted. All damaged products shall be replaced with
new products at no additionai cost to the Owner,

3.05  FASTENERS & LUGS

A, Fasteners for securing equipment fo walls, floors, and the like shall be 316 stainless
steel.

B,  All wire & cable fugs shall be copper; aluminum or aluminum alloy lugs shall not be
used, The Elactrical Contractor shall supply all lugs to match the guantity & size of
wire listed in the conduit & wire routing schedule.

306 INSTALLATION, GENERAL
A, install all products per Manufacturer's recommendations and the Drawings.

1. Contract Drawings are intended to show the basic functional requirements of
the electrical and instrumentation system and do not relieve the Contractos
from the responsibility to provide a complete and funclioning system.

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

a, Provide additional devices, wiring, conduits, relays, signal
converters, and isolators to complete inferfages of the electrical and
instrumentation gystem.

k. Changing normally open contacts to normally closed contacts or visa
Varsa.
=3 Adding additional relays to provide more contacts as necessary.
April 2010 16010-34 Priority 1 Sewer Replacement Broject
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All pragrammable devices (excluding PLC & radio) shall be programmed,
set-up and tested by the Confractor prior to startup. This includes all
instruments. Programming and set-up parameters shall be adjusted or
changed as directed by the Owner of Engineer during start-up and
throughout the warranty period, at no additional costto the Owner. Record of
all programming parameters satup for this project shall be recorded by
Contractor and included in the final O&M manuals.

Coordinate with the Owner and setup ali alarm, process, and operation
setpoints.

Fanels and enclosures:

1. Install panels and enclosures st 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. All conduits entering outdoor panels and enclosures shall use watertight
hubs. These hubs shajl be located on sides or bottom only. Top entry of
puidoor panels or enclosures is not allowed unless specifically shown on
plans.

5, Cimarance about etectrical equipment shall mest the minimum requirernents
of NEC 110-26.

Conduits:

1, ingtall conduit free from dents and bruises.

2. Al conduits shall be labeled on all ends at junction boxes, pull boxes,
enclosures, stub-outs or other terminations.

3. All conduits entering or leaving a Panel shall be stubbed up into the bottom
horizorntal wireway directly below the vertical section in which the conductors
are to he jerminated.

4, A maxbnum of three equivaient 30 degree elbows are allowed in any
continuous runs. 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.

5 Route all above grade conduits parallel or perpendicular to struciure lines
andfor piping. Conduits installed above grade shall be braced in place with
stanchions, Expansion joints shall be installed every 100 feet.

8. n pulibores and vaulls, separate powar wiring to one side within and all

other wiring to apposite side in bundles, see Electrical Drawing details. In
vauli, these separate bundles are to be supported on plastic cable supporis
rated for the bundle leading.

April 2610
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H.

Wiring:

1. Wiring, grounding, and shielding: 1t is important {o observe good grounding
and shielding practices in the generally noisy environment in this application.
The shield of shielded cables shall be terminated to ground at one end only,
and covered with insulated heat shrink tubing. The shield at the other and
shall be encased in an insulated material to isolate it from ground,

Provide the excavation for utility service, equipment foundations, and trenches for
conduits or buried cables as necessary, Repave any area that was paved prior to
excavation. Backdfill and surface all areas as shown on the Drawings or where not
shown to the original condition that was present prior to the excavation.

Conduit enfrances; Seal each conduit entrance from below grade info the panel and
other electrical enclosures with plugging compound sealant to prevent the entrance
of insects and rodents. Conduits between the enclosures shall be sealed with
plugging compound sealant on each end. Plugging compound sealant shall be
Courtaulds Asrospace (609 456-5700) Semco PR-868 or approved equal.

Seals:

1. Seal around all conduits, wires, and cables penetrating betwesn walls,
ceflings, and floors in all buildings with a fire stop material, Seal shail be
made at both ends of the conduit with a fire stop putty. Seat shall have a
minimum fwe hour rating. Fire stop sealing shall be International Protective
Coatings Flamesafe, or approved equal,

2 Seat around conduits entering outside to inside struclures and around
bottorn of free standing enclosures to maintain watertight integrity of
structure,

3 Place conduit seal inside each underground conduit riser into panels and
enclosures to prevent entrance of insects and rodents.

Cleaning and Touch-up:
1. Frior to startup and complation of the work subsequent to final acceptance,

ail parts of the installation, including all eguipment, exposed conduit,
davices, and fittings shall be cleaned and given touch up by Contractor as

foltows:

2, Remove all grease and metal cuttings.

b. Any discotoration ar other damage to paris of the building, the finish,
or the furnishings, shall be repaired,

c. Thoroughly clean any of his exposed work requiring same.

d. Vacuum and clean the inside of all panel and electrical and

instrumentation enclosures,

April 2010
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e, Clean all above and below ground pull hoxes, junction boxes, and
vaults from all foreign debris prior to final acceptance.

f. Paint all scratched or blemished surfaces with the necessary coats of
quick drying paint to match adjacent color, texture, and thickness.
This shall include ali prime painted electrical equipment, including
enclosures, panels, poles, boxes, devices, ete,

g. Repair damage to factory finishes with repair products recommended
by Manufacturer,
. Repair damage to PVC or paint finishes with matching touchup

coating recommended by Manufacturer,

307 MAINTENANCE AND OPERATING INSTRUCTIONS

Provide five (8) sets QOperation and maintenance manuals bound in three ring
hinders with one set made up completely with original manuals per this subsection
and Submittal section. O&M manuals shall provide at least the following as a

A complete "Record" set of favorably reviewed electrical submittals as
provided under SUBMITTAL AND DRAWING REQUIREMENTS.

As-built one-line, elevation, loop, elementary and interconnection drawings
A complete list of the equipment supplied, including serial numbers, ranges,
Detailed service, maintenance and operation instructions for each item
suppiied. Schematic diagrams of all electronic devices shall be included. A
complete parts lists, including stock numbers, shall be provided on the
Record of each bresker and overload heater element inciuding
Record of sach motor nameplate data including manufacturer, full part
Special maintenance requirements particular to this system shali be clearly

defined, along with special calibration and test procedures.

Spread sheet listing all setpoints and programmable parameters entered for

16010-37 T Priority 1 Sewer Replacement Project
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Frirdmiem:
1. A comprehensive index,
2.
3.
with all field changes included.
4.
cataiog cuts, and pertinent data.
5. Full specifications on each item.
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7. Safety precautions and procedures.
8.
Manufacturer, full part number, size, setling alc.
8.
number, size, ete.
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Apri] 2010
454.02.09.02

Electries]



12.

13

14.

Al of these sets of O & M Manuals shall be made up of "original” (no copies,
PDFs or reproductions) documents. No photo or fax copies are allowed of
standard published manuals available from Manufacturers.

Include all completed and signed test data and forms from factory and field
tesiing.

Warranty cerificate with start dates, duration and contact information.

B. Al the and of the project these manuals shall be updated to show “as-built"
conditions.

C.  Provide two (2) sets of CDs containing all drawings in AutoCAD {unlocked) format
updated to reflect as-built conditions, These disks shall be the property of the
Owner, for its use on this and future projects.

3.08 TESTING

A Genaral Reguirements

1.

Itis the infent of these tests to assure that all equipment is operational within
industry and Manufacturar's tolerances and is installed in accordance with
design plans and specifications

Al equipment setup and assembled by the Contractor shall be in
accardance with the design plans and Drawings and the Manufacturer's
recommendations and instructions and shali operate to the Engineer's
satisfaction. Follow all Manufacturer's instructions for handling, receiving,
instabation, and pre-check reguirements prior o energization,  Afar
energization, follow Manufacturer's  instructions  for  programming
instrumentation, set-up and calibration of equipment. The Contractor shall
be responsible for, and shall correct by repair or replacement, at his own
axpense, eguipment which, in the opinion of the Engineer, has beaen caused
by fauity mechanical or electrical assembly by the Contractor. Necessary
fasts to demonstrate that the electrical and mechanical opearation of the
gquipment is satisfactory and meets the requirements of these
Specifications shall be made by the Cortractor at no additional cost to the
Owner.

The testing shall not be stared until the Manufacturer has complefed
fabrication, wiring, and setup, has performed satisfactory checks and
adjustments and can demonsirate the system is complete and operaticnal.
Ceriification of complation of Contractor's in-house tests shall he submitted
priar to scheduling of factory testing.

Factory tesis shall not be scheduled until submitials associated with the
eglipment have been approved by the Enginesr. |f equipment s
significantly different from submiital drawings, this shall be grounds for
cancelfation and reschaeduling of factory tests at no additional costs to Owner
or extension of Contract time.
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10.

11.

12.

Apri] 2010
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The first Pre-Energization tests shall be performed lo determine the
suitability for energization and shall be complated with all power tumed off
and complete prior fo the start of any of the Past-Enargization tests. The
Electrical Contractor shall have gualified parsonnel on the job site for ol Pre-
Enargization and Post-Energization tests.

All tests shall be witnessed by the Engineer and/or Owner personnel. The
test forms shall be completed by the testing person for field checkout,
testing, and calibration of all equipment and instruments, Al filled in test
forms shall be given to the Engineer and/or Qwner the day of the test. Fillin
two seis of test forms if Contractor wants to keep a copy. All tests shall be
documented in writing by the supplier and signed by the Engineer as
satisfactory completed. The supplier shall keep a detailed log of all tests that
falled or did not meet specifications, including date of occurrence and
correction. Completed forms with proper signatures and dates shall be
included and become & component of the Operations and Maintenance
Manual for sach of the respective systems.

Prior to any field testing, Interconnection Drawings and Operation &
Maintenance Manuals shall have been submitted by the Confractor and
approved by the Engineer,

The Contractor shall notify the Owner and the Engineer of the Supplier's
readiness to begin all factory and fleld tests in writing (8 minimum of ten
working davs prior to start), and shall schedule system checkout on dates
agreed to by the Owner and the Engineer in order that the testing be
scheduled and witnessed,

The Contractor shaif fill in & submit for approval the “Scheduled Test
Request Form” located in Appendix “A" for each requested inspaction,
factory and field test.

The supplier shall submit for approval, the proposed factory & field testing
sheets at least 24 days prior to the start of the tests. Each testing shesd
shall have a title giving the type of test and entry spaces for the name of the
person who performed the test, name of the person who witnessed the test,
and the dale. Tests performed without approved forms shall be refested at
no additional cost to Owner.

Separate test procedures in separate binders shall be submitted for approval
for the Factory and Field Tests, Testing shall not commence until the test
procedures have been reviewed and approved by the Owner,

if the results of any of tests are unacceptable to the Engineer, the Contractor
shall rake corrections and perform the tests again until they are acceptabia
to the Enginest; these additional tests shall be done at no additional cost to
the Owner.
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B. Failure to Meet Test

1. Any system material or workmanship which is found defective on the basis
of zcceptance tests shall be reported o the Engineer. The Contractor shall
replace the defective material or equipment and have tests repeated until
est proves satisfactory to the Engineer withou! additional cost to the Owner.

C. Gafety

1. Testing shall canform {o the respective Manufacturer's recommendations.
All Manufacturet's safety precautions shall be foliowead.

2. The procedures stated herain are guidelines for the intended tests, the
Contractor shall be respongible to modify these tests to fit the particular
applicatiors and ensure personnel safety. Absoiutely no t$$i$ shall be
performed that endanger personal safety.

3. The Electrical Contractor shall have two or more Electricians present at all
elecirical fisld tests.

4, Two non-ficensed portable radios are to be made available by the Contractor
for the tesiing organization to conduct tests.

5. California Electrical Safety Orders (ESO) and Qccupational Safety and
Health Act (QSHA): The Contractor is cautioned that testing and equipment
shall comply with ESO and OSHA as to safely. Appropriate clearances,
padlocks and barriers around electrical eguipment energized shall be utiized
during testing.

8. Field inspections and pre-energization tests shall be completed prior to
applying power to equipment.

D.  Electrical Factory Tests
1. The system supplier shali conduct a therough and complete factory test by

gualified factory-trained personnel witnessed by Owner per the criteria
specified herein,  Factory test shall be held within 150 miles of project

location.

2. All components of the system setup shall be completely assembled and
thoroughly pre-tested by the suppliar or Manufacturer bafore start of factory
test,

3 Faulty and/or incorrect hardware operation of major portions of the system

may, at the discretion of the Owner Engineer, be cause for suspension or
restarting of the entire factory test, at no additional cost to the Owner or
axtension in contract time.
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10,

11.

12.

Factory test shall not be scheduled untll submittals associated with the
gquipment have been approved by the Engineer,  equipment is
significantly different from submittal drawings this shall be grounds for
canceltation and rescheduling of factory tests at no additional costs to Owner
or extension of Contract time.

The testing personnel shall provide all material, equipment, labor and
technical supervision to perform such tests and inspections.

The Confractor shall pay all expenses incurred by his personnal, including
tabor, material, transportation, lodging, daily subsistence, and other
associated incidental costs during the factory testing.

Temporary wiring and equipment shall be setup during these tests to
simutate the complete assembled system.

The tests, as a minimum, shall simulate all operating conditions including
steady state, transients, upsets, startup, shutdown, power failure, and
gquiprment failure conditions (for control logic).

The panel systern set-up for factory testing consists of, but is not limited fo,
Motor Gontrol Panel, control panels, pedestal, PLC, field control stations and
any miscellaneous assoctated electrical equipment,

The length of the factory testing shall be a minimum of 8 hours all on one
day. If in the opinion of the Owner or Engineer the factory testing is not
completed at the end of the working day, the testing shall be extended, at no
additional cost to the Owner or extension in Contract ime. The Contractor
shall agree that the sum set forth hereafter is a reasonable amount to be
charged as hquidated damages: and it is therefore agreed that the
Contractor will pay the Owner the sum of five hundred dollars ($600.00) in
Hguidated damages for sach and every calendar day beyond the time
prescribed above for the completion of factory testing for the panel system,
Liguidated damages will be assessed to the Contractor each and every day
past the time allotted for factory testing.

All factory tests shall be conducted at the Systermn Supphier's facility. AH
factory tests shali be completed prior to installation of any of the panet
system at the jobsite. The panel system shall be fully assembled and
connected as it wilt be instalied in the final configuration, i the panel system
is found to be not fully and completely ready for factory testing, the
Contractor shall be responsible for paying for the Owner and Engineer {o
raturn for the factory testing. Factory testing is to ensure that there are no
defects. The hardware shall be tested for compliance with the plans and
Specifications included herein and for the abiiity to perform the control
functions,

Provide a complste clean copy of System Supplier drawings for Owner and
Engineer's use during Factory Test.
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14.

16.

17.

The assoclated factory tesis for each of the factory testing sheets that are o
be performed by the supplier and witnessed by the Owner Engineer shall
include the following panel system as a minimum;

a. inspections of the panet a3 follows:
1) Visual and mechanical, for compliance with Contract and
submittal drawings.
2) inspect for physical damage, proper support, and wiring.
3) ;l;iwe Contractor shall fill in test form TF4 located in Appendix
b, Testing of the panel as follows:

1) All PLC/OL componants of the system shall be completely
assembled, programmed, and thoroughly pre-tested by the
supplier or Manufacturer before start of factory test,

2) WO points shall be simulated for the complete checkout of
FLC program and O setup.

3) The Contractor shall complete each test and fill in the 1/O test
form TF11 located in Appendix “A”.

G. Each ling of control logic on the elementiary diagrams shall be
checked. After a line of control logic is tested, the person parforming
test shall initial the corresponding line on the elementary diagram.
Wher the complete elementary diagram has been checked, it shalt
be signed and dated by testing person and person withessing test.

During the testing period, under the supervision of the supplier, the Enginesar
and other Owner personnel shall have unlimited and unrestricted access to
the ysage and testing of all hardware and software in the system.

Spare parts for the system shall also be tested during this test peried, The
supplier shall prove by tempararily connecting the spare hardware 1o the
gysiem that any or all of the spare parts function in & manner equivalent to
the original equipment under {est,

The factory test will be considered complete only when the integrated
system has succassiully passed all tests to the satisfaction of the Owner or
Enginesr. No electrical squipment shall be shipped to jobsite without
authorization from the Owner or Engineer that the factory test has been
completed.

Acceptance and withessing of the factory tests does not relieve or exclude
the Contractor from conforming to the requirements of the Contract
Documents,
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18. Al modifications to documeantation as a result of the factory tests shall be
correcied and completed before the submitial and delivery of "operation and
maintenance” manuals.

19, Copies of the completed and witnessed factory testing forms shall be placed
in the Operation and Maitenance Manual,

Electrical Fleld Tests

1, PRE-ENERGIZATION TESTS: These tests shall be completed prior to
applying powar to any aguipmant,

a.

Inspections:
1) Visual and Mechanical:

&) Inspect for physical damage, proper anchorage, and
grounding.

2) The Contractor shall fitl in, for each piece of equipment, Test
Foarm TF4 located in Appendix “A".

Togue Connections;

1 Al electrical, mechanical and structural threaded connections
inside eguipment shall be tightenad in the field after all wiring
connactions have baen completed. Every worker tightening
screwed or bolted connections shall be required to have and
utilize a torque screwdriverwrench at alt times. Torgue
connections to the value recommended by the egquipment
Manufacturer, If they are not available, use NEC 110-14 as
guidelines,

Wire Insulation and Continuity Tests:

1 All devices that are not rated to withstand the 500V megger
potential shall be disconnected prior to the megger tests.

2) Megger insulation resistances of all 600 volt insulated
conductors using a 500 volt megger for five seconds. Make
tests with circuits installed in conduit and isolated from
gouree and load.  Each conductor shall be meggered
conductor to conductor and conductor to ground., These
tests shall be made on cable after installation with all splices
made up and terminators installed but not connected to the
aquiprment.

3) Megger insulation resistances of all motor leads using a 500
volt megger for {en seconds. Make these tests with motors
installed in place and not connected to any other wiring. Each
motor lead shall be tested conductor to ground.

Aprit 2010
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Each megger reading shali not be less than 100 Meg-ohms
resistive, Corrective action shall be taken if vahies are
recorded lass than 100 Meg-ohms.

Continuity Tests: Each instrumentation conductor twisted
shielded pair shall have the conductor and shield continuity
measured with an ohmmeter. Conductors with high ohm
values, that do not match similar lengths of conductors the
same size, shall be replaced at no additional cost to the
Owner.

The Contractor shall fill in test forms Power and Control
Conductor Test Form TF1 and instrumentation Conductor
Test Form TF2 located in Appendix "A”.

Values of different phases of conductors in the same conduilf
run showing substantially different Meg-ohm values, even if
showing above 100 Meg-ohms shall be replaced.

Grounding System Test

0

Visual and Mechanical inspection,

a) Verify ground system is in compliance with drawings
and gpecifications.

Electrical Tests

a) Before making connections to the ground electrodes,
and before placement of sidewalks, landscape and
paving, measure the resistance of each electrode to
ground using a ground resistance {ester. Parform the
test not less than two days after the most recent
rainfall and in the afternoon after any ground
condensation (dew) has evaporated,

B After all individual ground electrode readings have
been made, interconnect as required and measwe
the system's ground resistance,

) Parform point-fo-point tests to  determine the
resistance betwaen the main grounding system and
all major electrical equipment frames, system neutral,
ahdfar derived neuiral points.

d) The grounding fest shall be in conformance with [EEE
Standard 81.

g} Plots of ground resistance shall be made and
submitfed to the bnginesr for approval.

454-02.09.02
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13 The current reference rod shall be driven at least 100
feet from the system under test.

g) Measurements shall be made at 10 feat intervals
beginning 25 feet from the test electrode and ending
75h feet from it in a direct line bétween the system
being tested and the test electrode.

3 Test Values

a) The resistance between the main grounding
slectrode and ground shall be no greater than five
ohms for commercial or industrial systems per IEEE
Standard 142.

h) nvestigaie point-to-point resistance values that
excead 0.5 ohms.

¢) The Contractor shall fill in Grounding System Test
Form T3 iocated in Appendix "A”

e, Panelboard Test:
1} Visual and Mechanical Inspection:

a) Ingpect for physical damage, proper anchorage and
grounding,

b) Compare equipment nameplate data with design
plans.

&) Compare breaker legend for accuracy.

d) Check torgue of bolted connactions.

2) The Contractor shall fill in Panalboard Test Form TF5 located

in Appendix "A".

f. Breaker Test:
i} All breakers shall be chacked for proper mounting, conductar

April 2010
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size, and feeder designation. Operate circult breaker to
gnsure smooth operation. inspect case for cracks or other
defects. Check tighiness of connection with torque wrench in
accordance with Manufacturer's recommendations.
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2) Al breakers 100 amps and above shall be tested, including
the generator breaker. Time current characteristic tests shall
be performed bypassing three hundred percent (300%) rated
current through each pole separately. Trip time shall be
determined. instantaneous pickup current shall be
determined by run up or pulse method. Clearing times should
be within four (4) cycles or less. All trip times shall fall within
NETA Table values. Instantaneous pickup current levels
should be within 20% of Manufacturer's published values.
Certification stickers, listing date and company who
performed the tests, shall be attached to the inside of the
breaker compartment door right after the breaker has passed
all tests.

3) Contact and Insulation Resistance: Contact resistance shall
be measuraed and be compared to adjacent poles and simitar
breaker. Deviations of more than 50% shall be reported to
Engineer, insulation resistance shall be measured and shall
not be less than 100 magohms,

4) After the completion of all breaker tests, all breakers shall he
get by Contractor to their proper settings 1o protect
equipmeant.

5) The Contractor shall fill in Breaker Test Form TFS located in

Appendix A",
2 Fost Energization Tests
a. Panet Tests
1) During these tests, simulate all local and remote controt
operations,
b Electrical Tests

April 2010
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1) Perform operational tests by initiating conirol devices 1o
affect proper operation.

2) The Contractor shall fili in Operational Device Checks and
Tests Form TFG and MCC Device Test Form TF7 located in
Appendix "A",

Fhase Rotation Tests

1) Check connections to ali equipment and motors for proper
phase relationship. During this test, disconnedct ali devices
which could be damaged by the application of voitage or
reversed phase seguence. Thres phase squipmeant shall be
tegied for the phase sequence "ABC" front fo hack, leff to
right, and top to bottom,
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2)

The Contractor éhall fill in Phase Rotation Test Form TF10
jocated in Appendix "A".

Motor Testing

1) Record the amperage draw on all phases of each motor
operating under full ioad. Ensure that these values do not
exceed the motor nameplate full ioad amperage.

2) Record the voltage between all phases of each motlor
pperating under full load. If the voltage balance is not within
plug or minus 5 percent of nominal, request the Utility power
company or other responsibie party fo correct the problem.

3) The Contractor shall compile, by visual inspaction of
equipment installed for each motor, the following data in
neatly tabulated form and be placed in the O&M manual:

&) Equipment driven.

B) Motor harsepower,

G) Namepiata amperas,

o) Service factor,

@) Tempesrature rating.

f) Overload catalog number,

g} Qverload current range and setting.

b Circuit breaker rating.

i} Circuit breaker {rip setting, for magnetic only circuit
breakers,

4) The Contractor shall fill in Motor Test Form TFQ located in

Appendix "A"

tnstrumentation Tests

1)

2)

Instrumentation tests shall be conducied per the following
criteria.

a) As a minimum, all the tests indicated/spacified on the
Instrument Data Sheet and Calibration Record Form
TF12 in appendix "A" shall be performed by the
Contractor all insttuments listed in Appendix B
"Device Index.”

Test equiprnent used for testing shall be of suitable quality so
as not to mask performance deficiencies. All test equipment
shall be traceable to National Bureau of Standards and have
been calibrated within six months of test date.

Testing shall be accomplished using simulated inputs only
with prior writters approval of the Owner.

“Aptii 2010
4534-02.0%.4)2

16010-47 Priority | Sewer Replacemernd Project
Electrcal




Calibration stickers shall be instalied on all instruments right
after catibration has been successiully completad. Calibration
stickers shalt list the following information:

) Tag number.

1) Calibrated by whom {pame), firm, city and teiephone
number.

) Date calibrated.

) Calibration range.

&) Commaents,

The Contractor shall provide a minimum of one (1) hour of
field acceptance testing for each instrument. I any
instrument has not been fully tested during its allotted time,
the Contractor shall provide additional hours for finishing
testing of the instrument, to be paid by the Contractor.

i Control System Tests

1)

All the /O points for the PLGC shall be tested by the sysiem
supplier in the field for proper operation of alarms, status,
analag, control, and Human Machine Interface (HMI/Oh
display functions. Where praciical, the final element shail be
used, i.e, trip the intrusion switch or change levels. Tasting
shall be accomplished using simulated inputs only when
necessary.

The overall accuracy of each instrument loop shall be
checked to ensure that it is within acceptable tolerance.

Al the 1/Q points for the PLC/OI shall be tested by Contractor
for proper wiring, Where practical, the final element shali be
used, i.e,, trip the intrusion switch ar change levels. During
this task the Contractor shall have:

a) Test instruments as required.

0) A pair of radios for communication.

c) Coordinated to have the PLC/SCADA provided field
technician available so PLC/O program changes can
be made.

During this task the System supplier shall have:
a) Qualified fleld technician with experience in the

startup of similar systems with PLC controls, and
other field devices.

o] Test instruments as raquired.
) A pair of radios for communication.
April 2010 16010-48 Prionty 1 Sewer Replacement Project
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5) The Contractor shafl fill in /O Point Checkout Test Sheet”
TE11.

F.  Operational Testing

1. After all the previous fests in this subsection are complete, the Contractor
shall conduct operational testing.

2 For the operational testing, the new eguipment shall be activated to
automatically run for 5 days, Monday through Friday, 24 hours a day.
During this five day pertod the Qwner will run the different combinations of
the pump controt options. f equipment failure occurs during the & days of
operational testing, the Contractor shall repair or replace the defective
equipment and shall begin another 5-day operational test, Monday through
Friday, 24 hours a day. This shall be continued until the new equipment
functions acceptably for & consecutive days.

3.09  TRAINING

A, Attime of completion, the Contractor shali provide a period of not less than 4 hours
training for instruction of operation and maintenance personnel in the use of all
control systems at the stafion site, Provide product literature and application guides
for user's reference during instruction.

3.10 SPARE PARTS

A, The Confractor shall supply all spare parts prior to start of field tests. Al parts shall
be sealed in plastic bags and delivered to the site in a heavy duty plastic storage
bag. Bag shall be clearly lsbeled with part name & number and the corresponding
equipment taghama.

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

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

1. Ten (10) fuses for each type of fuse.

2. Twenty (20) lamps for sach type of light.

3. One (1) refay for each type of control, power fail and time delay relays.
April 2010 . 16010-49 Priority 1 Sewer I«’.t,plm,mmmPm)tct
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3.11 WARRANTY

A

The Contractor shall have a staff of experienced personnel available to provide
service on 2 working days notice during the warranty period. Such personnel shall
be capable of fully testing and diagnosing the hardware, software and implementing
corrective measuras, If the Contractor "fails to respond” in 2 working days, the
Owner, at its oplion, will proceed o have the warranty work completed by other
resources; the total cost for these other resources shalt be deducied from the
Maintenance Bond. "Fail to Respond"” shall be defined as: The Contractor has not
shown a good faith effort and has not expended adeguate resources to correct the
problem. The use of other resources, as stated above, shall not change or relieve
the Contractor from fulfifiing the remainder of the warranty requirements.

The Contractor shall warrant all electrical and instrumentation equipment hardware
and programming prepared for this project for a period of one (1) year from date of
final acceptance. Standard published warranties of equipment which exceed the
preceding specified tength of time shall be honored by the Manufacturer or Supplier.

The Contractor shall provide all labor and material to troubleshoot, replace, of repair
any hardware that fails or operates unpredictably and correct any software prohlems
durtng the warranty period at no additionat cost to the Owner.,

Each time the Supplier's repair person responds to a system malfunction, during the
warranty period, he or she must contact the designated Qwner maintenance
asuparvisor for scheduling of the work, access to the jobsite, and permission to make
repaire. Operation of facilities necessary to test equipment shall only be performed
by or under the direction of the Owner staff. The Owner resarves the right, at its
sole discretion, to deny operations requesied by the Supplier. A written description
of all warranty work performed shall be documented on a field service report. to be
given to Quwner prior to the repair person leaving job site each day. Thig fisld
service report shall detail and clearly state problem, corrective actions iaken,
additional work that needs to be done, data, repair person name and company.

Prior to "Final Acceptance," the Contractor shall furnish {0 the Owner a listing of
warranty information for all Manufacturers of materials, instruments, and equipment
used on the project. The listing shall include the following:

1. Manufacturer's name, service contact person, phone number, and address.

2. Materiai and equipment description, equipment number, par number, serial
number, and model number.

3. Manufacturers warranty expiration date.

3.12  FINAL ACCEPTANCE

A

Final acceptance will be given by the Owner after the equipment has passed the
“final acceptance trial period," each deficiency has been corrected, final
documentation has been provided, and afl the requirements of design documents
hava been fulfilled.

April 2010
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Upon compietion of the project, prior to final acceptance, remove ail temporary
services, equiprent, maierial, and witing from the site.

At the end of the project, following the completion of all of the fiald tests, and prior to
final acceptance, the Supplier shall provide the following final documentation to the
Owner:

1. A listing of warranty information.

2. Each "Operation and Maintenance” manual shall be modified or
supplemented by the Supplier 1o reflect all field changes and as-built
conditions.

3. Two (2) disk copies of all final documentation to reflect as-built conditions.

Prior to final acoeptance, submit each key with matehing duplicate. Wire all keys for
egch logk securely together. Tag and plainly mark with lock number or equipment
identification and indicate physical lecation, such as panel or switch number.

Aprit 2010
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APPENDIX "&"

TEST FORMS

Index of Forms:

TE1
TF2
TE3
TF4
TF5
TFé
7
TF8
TF8
TF10
TE11
TF12

Bill of Materigis

Schaduled Test Request Form

Fower and Control Conductor Test Form
nstrumentation Conductor Tesl Form
Grounding System Test Form

Visual and Mechanical Inspection Form
Panegl-Board Tast Form

Operational Device Checks and Tests Form
MCC Davice Test Form

Breaker Device Test Form

Motor Test Form

Phase Rotation Test{ Form

O Boint Checkout Test Sheet

fnstrument Data Sheet and Calibration Record Form

Apri] 2010
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Bnimumsmssmnnrmms s

SCHEDULED TEST REQUEST FORM

COMPANY PERFORMING TEST:

TESTING PERSONNEL

PHONE NUMBER OF COMPANY:

SCHEDULED TEST DATE

TEST PROCEDURE SUBNITTAL:

T APPROVED
DATE

e

TIME

DESCRIPTION OF TEST

8:00

8:00

10:00

11:00

1200

13:00

14:00

15:00

16:00

TESTED BY

RATE ! / /

WITNESSED BY:




POWER AND CONTROL CONDUCTOR TEST FORM

- - TEST FORM (TE1) e

EQUIPMENT

NAME L LocATION 2

B T INSULATION TESTS

CONDUCTOR PHASE TO GROUND PHASE TO PHAGE

NUMBER
A B c AB BO CA

1 NOTES: LA L UR ST L TP LTTIL U72 LT AT A T Sl Ce Dl L I Ml PR L AT/ A ATV T YL L T T T T T T T T

Record insulation test values in meg-ohms,

TESTED 8Y

; DATE : /
WITNESSED BY:




INSTRUMENTATION CONDUCTOR TEST FORM

e TEST FORM (TF2)
EQUIPMENT
NAME LOCATION
CONBUCTOR CONTINUITY TESTS o INSULATION TESTS
PAIR CONDUETOR | CONDUGTOR | CONDUCTOR |CONDUCTORS]  SHIELD
NUMBER O TO TO TO TG
CONDUCTOR SHIELD CONDUCTOR | GROUND* GROUND

Record continully test values in ohms,
racord insulation test values in meg-ohms.

* With ["mﬂfr conductors tied”t'c'a‘gethar

Fusnns

TESTED BY
WITNESSED

BY:




GROUNDING SYSTEM TEST FORM
! TEST FORM (TE3)
TFALL IN POTENTIAL TEST
MAIN APPLIED MEASURED MEASUREDR MEASURED | CALCULATED
GROUND VOLTAGE POINT 1 POINT 2 POINT 3 RESISTANCE
LOCATION y VOLTAGE VOLTAGE VOLTAGE OHMS
o T L At
TWO POINTS TESTS
ECHHPMENT EQUIPMENT CiRCuT ADPLIED MEASURED | CALCULATED
NAMIE # # GCURRENT VOLTAGE RESISTANCE
OMMS
o mez s "
NOTES:
TESTED BY DATE ;)
WITNESSED BY:




VISUAL AND MECHARNICAL INSPECTION FORM

u . TEST FORM (TF4) .
EQUIPMENT

NAME ; LOCATION : "
] ‘ NAMEELATE DATA -
MFGR. : SERIES #

MODEL # o Ui # e
VOLTAGE ) PHASE _
AMPERAGE @ ___ o SERVICE e
BUS TYPE BUS BRACING:

VERT. BUS HORZ, BUS

GND.BUS . NEU. BUS

ENCLOSURE :

e e e

INSPECTION CHECK LIST
ENTER: AAACCEPTABLE R-NEEDS REPAIR OR REPLACEMENT NANOT APPLICABLE

THEHTEN ALL BOLTS AND SCREWS

THSHTEN ALL WIRING AND BUS CONNECTIONS
VERIFY ALL BREAKERS AND FUSES HAVE PROPER RATING
CHECK BUS BRACING AND CLEARANCE

CHEGK MAIN GROUNDING CONNECTION AND SIZE
IMNEPECT GROUND BUS BONDING

CHECK EQUIPMENT GROUNDS

CHECK CONDUIT GROUNDS AND BUSHINGS
INSPECT NEUTRAL BUS AND CONNECTIONS

CHECK HEATERS AND THERMGSETATS

CHECK VENTILATION AND FILTERS

CHECK FOR BROKEN OR DAMAGED DEVICES
CHECK DOOR AND PANEL ALIGNMENT

INSFECT ANCHORAGE

CHECK FOR PROPER CLEARANCES AND WORKING SPACE
REMOVE ALL DHRT AND DUST ACCLUIMULATION
INGPECT ALL PAINT SURFACES

CHECK FOR PROPER WIRE COLOR CODES

INBPECT ALL WIRING FOR WIRE LABELS

CHECK FOR PROPER WIRE TERMINATIONS

CHECK FOR PROPER WIRE SIZES

INSPECT ALL DEVICES FOR NAMEPLATES

CHECK IF DRAWINGS MATCH EQUIPMENT

CHECK ACCURACY OF OPERATION & MAINTENANCE

TESTED 8Y : DATE : / /
WITNESSED BY:




PANEL-BOARD TEST FORM
TEST FORM (TF5

PANEL NAME: LOCATION :
NAMEPLATE DATA =
MEGR e SERES# 1
MODEL#  « - UL # S
VOLTAGE PHASE o
AMPERAGE © SERVICE - —
BUS TYPE BUS BRAGING:
VERT, BUS HORZ, BUS
GND. BUS NEU. BUS
ENCLOSURE - MAIN BKR

INGULATION RESISTANGE TEGTS - MEGOHMS |
AGND B-GND C-GND

ENTER: A-ACCEPTABLE R-NEEDS REPAIR OR REPLACEMENT NA-NOQT APPLICABLE

TIGHTEN ALL BOLTS AND SCREWS

TIGHTEN ALL WIRING AND BUS CONNECTIONS

VERIFY ALL BREAKERE AND FUSES MAVE PROPER RATING
CHECK BUS BRACING AND CLEARANCE

CHECK MAIN GROUNDING CONNECTION AND SIZE
INSPECT GROUND BUS BONDING

CHECK EQUIPMENT GROUNDS

CHECK CONDUIT GROUNDS AND BUSHINGS

INSPECT NEUTERAL BUS AND CONNECTIONS

CHECK FOR BROKEN OR DAMAGED DEVICES

CHECK DOOR AND PANEL ALIGNMENT

INSPECT ANCHORAGE

CHECK FOR PROPER CLEARANCES AND WORKING SPACE
REMOVE ALL DIRT AND DUST ACCUMULATION

INGPECT ALL PAINT SURFACES

CHECK FOR PROPER WIRE COLOR CODES

INSPECT ALL WIRING FOR WIRE LABELS

CHECK FOR PROPER WIRE TERMINATIONS

CHECK FOR PROPER WIRE SIZES

INSPECT ALL DEVICES FOR PROPER LEGEND NAMEPLATES

CALIBRATION TEST EQUIPMENT PART NO.

DATE CALIBRATED:

TP PE PSSR R JLE, |

£

TESTED BY

: DATE .
WITNESSED BY:

/
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MCC DEVICE TEST FORM
TEST FORM (TF7) o

MEC # CUBICLE
EQUIP NAME: EQUIP #
i TMOTOR DATA CONTACTOR DATA
HP. MEGR. PART # I
FLA NEMA SIZE COIL VOLT
T OVERLOAD TESTS
MFGR. HEATER # RANGE
PART # FINAL OVERLOAD SETTING:
TEST MEAGURE TRIP TIME @ TEST AMPS  |MFGR LISTED|  AMBIENT
AMPS PHASE A PHASE B PHASE C | TRIPTIME |COMPENSATION
MRGR. PART # T FRAME #

CONTACT RESISTANCE TESTS - OHMS

INSULATION RESISTANCE TESTS-MEGOHMS

PHASE A PHASE B FHASE C

A-GND B-GND C-GND

MFGR TRIP TIME @300% MIN;
MFGR TRIP TIME @300% MAX:

BREAKER RATING / RANGE:
FINAL BREAKER SETTING:
MFGR INST. PICKUP AMPS:

TIME-CURRENT TEST

TRIP TIME IN SECONDS @ 300% AMPS

INSTANTANEQOUS TRIP TEST - AMPS

PHASE A PHASE B FPHASE C PHASE A PHASE B PHAGE C
F———— R PO —— . -
NOTES
TESTED BY DATE : / !

WITNESSED BY:




BREAKER DEVICE TEST FORM

FEEDER T LOCATION o
EQUIP NAME; EQUIP # s
EQUIPHP, o FQUIPKVA @
MFGR, ST PART # L " FRAME#
VOLTAGE @ INTERRUPT:  CHARACTER: _
e RATING CURVE ]
CONTACT RESISTANCE TESTS - OHMS INSULATION RESISTANCE TESTS - MEGOHMS
PHASE A PHASE B PHASE C A-GND B-GND C-GND

MEGR TRIP TIVE @300% MIN: BREAKER RATING / RANGE: ___
MEGR TRIE TIME @300% MAX: FINAL BREAKER SETTING
MEGR INST. PICKUP APMS:

TEST-CURRENT TESTS
TRIP TIME IN SECONDS @ 300% AMPS INSTANTANEOUS TRIP TEST - AMPS
PHASE A PHASE B | PHASE C | PHASEA | PHASEB PHASE C
L. sl s
ADDITIONAL TESTS AND SETTING AS APPLICABLE
BICKUP DELAY-TIME
FUNCTION RANGE SETTING RANGE SETTING
LONG TIME
SHORT TIME
GROUND FLT.
NOTES: "'" T T )

TESTED BY : RATE : / /
WITNESSED BY:




MOTOR TEST FORM

TEST FORM (TF9) )

EQUIPMENT
NUMBER : NAME
NAMEPLATE DATA - FIELD RECORDED
MANUFACTURER MODEL # SERIAL # ERAME #
5] R.P.M F LA VOLTS | PHASE FREG. PF. S F,
CcODE | NEMA. | INsUL. |ENCLOSR.] BUTY | DESIGN
INSULATION TESTS MOTOR ERAME MOTOR | MOTOR
PHASE TO GROUND GROUNDING SYSTEM TEST HEATER | THERMAL
MEG-OHMS APPLIED | MEAS, CALC. MEAS, TRIP
A B o VOLTS AMPS OHMS AMPS TEST
MOTOR TESTS - MEASURED VALUES
- AMPERAGE VOLTAGE POWER
A B G AR BC CA FACTOR | WATTAGE

A N

NOTES:

VOLTAGE, AMPERAGE, POWER FACTOR, & WATTAGE SHALL BE RECORDED WITH
A TRUE RMS METER.

TESTED BY .
WITNESSED BY:

DATE : / /




PHASE ROTATION TEST FORM
TESTFORM(TF10)

o PHYSICAL | PHASE | MEASURED
EQUIPMENT | EQUIPMENT |  CIRCUIT PHASE COLOR PHASE
NAME 4 # LOCATION CODE ROTATION
NOTES: T B

UUse phase tester to verify all circuits and equipment have a clockwise A-B-C phase rotation.
Physical phase locations: Left to Right - LR or Top to Bottom - TB
Phase color codes: Brown, Orange, & Yellow -BOY

Black, Red, & Biue -BkRBe

TESTED BY : DATE: / /
WITNESSED BY:




VO POINT CHECKOUT TEST FORM

WITNESSED BY:

T TESTFORM(TF1Y) . .
IO TYPE ; LOCATION :
TEST DATE
le) /O INPUT DISPLAY PLOC TEST RESULT OF

POINT POINT | VALUE% | VALUE % |REGISTER| FAIL ORPASS |CORRECTIVE

TAGNAME| ADDRESS] 0 | 50 1100f 0 | 50 [100] VALUE COMMENTS ACTION
NQTES e s AR L R

TESTED BY DATE /
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APPENDIX "8"

DEVICE INDEX

Aprit 2010 16010-33 " Priotity 1 Sewer Replacement Project
434-02-09-02 Flectrical
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END OF SECTION 16010
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