
 

 

ADDENDUM No. 5 

Date: January 23, 2026 Project No: M20051 

Project Name: Request for Proposal: Town of Shelburne, Well 1 Upgrades 

To: All Bidders 

This Addendum consists of 40 pages total. 

 
Please make the following changes / additions to the Request for Proposal Document. Bidders are 
responsible to ensure that all addenda have been received. Bidders shall be required to acknowledge 
addenda in the space provided in Section B of the Form of Proposal. 
 
This addendum will form part of the terms, conditions and specifications outlined in the above noted 
Request for Proposal Contract Document. All other components of the Bid documents shall remain 
unchanged. 
 

***REMINDER: BIDDERS MUST IDENTIFY THIS ADDENDA IN THE SPACE PROVIDED IN SECTION B OF THE 
FORM OF PROPOSAL*** 

 
GENERAL INSTRUCTIONS 
 
1. Bidders shall REMOVE AND REPLACE page 32 of Section B: Schedule of Unit Prices, 

Schedule D: Contingencies attached (1 page). 

 

2. Bidders shall ADD / REMOVE & REPLACE the following Specifications:  

 REPLACE Specification 16120: Wires & Cables (5 pages) 

 REPLACE Specification 16480: Motor Control Centres (9 pages) 

 ADD Specification 16481: VFD, Harmonic Filter Transformer and dv/dt Filter (8 pages) 

 

3. Bidders shall REMOVE & REPLACE the following Contract Drawings: (15 pages) 

 Drawing E1.1: LEGEND AND DUCTBANKS DETAILS 

 Drawing E1.2: SITE PLAN 

 Drawing E2.1: EXISTING SINGLE LINE DIAGRAM, MCC ARRANGEMENT AND LIGHTING PANEL 

SCHEDULE 

 Drawing E2.2: PROPOSED SINGLE LINE DIAGRAM, MCC ARRANGEMENT AND LIGHTING PANEL 

SCHEDULE 
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 Drawing E2.3: WIRING AND ELEMENTARY CONTROL DIAGRAMS 

 Drawing E2.4: EXHAUST FAN ELEMENTARY CONTROL DIAGRAMS 

 Drawing E2.5: UV SYSTEM ELEMENTARY CONTROL DOAGRAM 

 Drawing E3.1: INSTRUMENTATION LOOP DIAGRAMS SHEET 1 

 Drawing E3.2: INSTRUMENTATION LOOP DIAGRAMS SHEET 2 

 Drawing E3.3: PLC PANEL DETAILS 

 Drawing E4.1: EXISTING BUILDING LAYOUT 

 Drawing E4.2: PROPOSED BUILDING LAYOUT - POWER & LIGHTING 

 Drawing E4.3: PROPOSED BUILDING LAYOUT - INSTRUMENTATION 

 Drawing E4.4: BUILDING EXTERIOR PICTURES 

 Drawing E4.5: BUILDING EXTERIOR PICTURES 

 

 

I have read the foregoing Addendum and have considered it in my Proposal. 

 

 Bidder’s Name 

 Signature 

 Date 
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S. Burnett & Associates Limited Project No. M20051

Page No. 32

Contractor: Addendum No. 5

Address:

Contract Title: Town of Shelburne, Well 1 Upgrades

D1 Supply and Installation of 150 mm dia. Watermain 
Shutoff Valve

2.00 Ea.

D2 Supply, Place & Compact Granular including 
Excavation & Disposal of Existing Material:

a) Granular A 50.00 cu.m.

b) Granular B 50.00 cu.m.

c) 19mm Clear Stone 25.00 cu.m.

d) Rip-Rap 25.00 cu.m.

e) Pre-mixed Concrete  (25 MPA) 10.00 cu.m.

D3 Labour Rates for Additional Work:

(The rate shall include payroll burden, overhead & 
profit)

a) Project Manager 20.00 hrs

b) Site Supervisor / Foreman 20.00 hrs

c) Electrician 20.00 hrs

d) PLC Programmer 20.00 hrs

e) SCADA System Programmer 20.00 hrs

f) Plumber / Pipe Fitter 20.00 hrs

g) Ventilation System Installer 20.00 hrs

h) General Labourer 20.00 hrs

i) Operator 20.00 hrs

D4 Supply & Install Additional Replacement Valves 
and Components within Pumphouse:

a) 100 mm Gate Valve 2.00 Ea.

b) 150 mm Gate Valve 2.00 Ea.

c) 200 mm Gate Valve 2.00 Ea.

D5 Ductile Iron Pipe (100 mm dia.) 5.00 m(l)

D6 Ductile Iron Elbow (100 mm dia.) 4.00 Ea.

D7 Ductile Iron Elbow (200 mm dia.) 1.00 Ea.

D8 Ductile Iron Tee (100x100x150 mm) 1.00 Ea.

D9 Ductile Iron Reducer (200mm to 100mm dia.) 1.00 Ea.

D10 Pipe Supports 5.00 Ea.

SUBTOTAL:

SCHEDULE OF UNIT PRICES

SCHEDULE D - Contingencies

ITEM 
NO.

DESCRIPTION CONTRACT 
QUANTITY

UNIT UNIT PRICE CONTRACT            
TOTAL

1_M20051_SUP_FINAL_2026-01-19_Add#5.xlsm
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Wires and Cables 
1 GENERAL  

1.1 General Conditions 

.1 All sections of Division 1 form a part of this Specification. Read and fully adhere to exactly as if 

repeated here in full. 

.2 Refer to all other Divisions of the Specifications and these documents to determine their effect 

upon the work of this section. 

.3 All sections of Divisions 1 to 16 inclusive form part of the Contract Documents. Refer to Section 

16010 for General Electrical Requirements related to this work. 

1.2 Scope 

.1 Furnish all labour, materials, supervision, equipment and services specified, indicated or requested 

to install the complete wiring systems specified herein including, but not limited to: 

.1 Low voltage wire and cables. 

.2 Instrumentation wiring. 

.3 Thermostat (low voltage) wiring. 

.2 Include in the wiring system all wiring, terminations, wire markers, cable tags, cable ties, splice 

fittings, insulation tapes, connectors and miscellaneous materials necessary to complete the wiring 

system. 

1.3 Measurement for Payment 

.1 No measurement for payment will be made under this section. 

1.4 Basis of Payment 

.1 All labour, materials and equipment necessary for the work in this Section shall be included in the 

lump sum prices in the Schedule of Items and Prices. 

2 PRODUCTS 

2.1 Low Voltage Wire and Cable (1000V and Below) 

.1 Conductors: stranded Copper conductors, with minimum power conductor size: No. 12 AWG, 

minimum control conductor size: No. 14 AWG. 

.2 Power conductors: size as indicated, with cross linked polyethylene (XLPE) insulation rated 1000 V 

– RW90 or RWU90, as indicated. 
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.3 Provide Sunlight Resistant (“SR” type) insulated conductors where exposed to weather. 

.4 Control conductors: XLPE insulation rated 600 V – RW90. 

.5 Control panel wiring: copper with thermoplastic insulation type TEW rated at 600 V. 

.6 Provide multi-conductor cables wrapped with interstitial fillers and an overall PVC (minus 40°C) 

flame retardant, low acid gas evolution jacket. 

.7 Insulated ground conductors forming part of a multi-conductor cable assembly shall have green 

colour coding. 

.8 Colour coding of insulated conductors: 

.1 1-conductor cable-Black 

.2 2-conductor cable-Black, White 

.3 3-conductor cable-Red, Black, Blue 

.4 4-conductor cable-Red, Black, Blue, White 

.5 Multi-conductor cables-Number code 

.6 Intrinsically safe field wiring: Yellow 

.9 Teck90 Cable requirements: 

.1 Conductors: Class B compressed stranded Copper conductors, size as indicated, with cross 

linked polyethylene (XLPE) insulation rated 1000V – RW90. 

.2 Include Hazardous Locations “HL” label on cable where installed in hazardous areas. 

.3 Inner jacket: Black PVC flame-retardant, moisture resistant  

.4 Armour: flexible interlocking aluminum armour. 

.5 Overall jacket: PVC flame-retardant, moisture and sunlight resistant, with fully printed 

label of cable description on jacket. 

.6 Compliances: cable rated for wet and dry installation, and hazardous locations. Compliant 

with CSA C22.2 Nos. 131 and 174, including CSA FT1 and FT4. 

.7 Armoured/Teck90 Cable connectors: 

.1 Watertight connectors for non-hazardous areas. 

.2 Class 1, Zone 1, Group II B rated connectors c/w sealing compound for 

hazardous areas. 

2.2 VFD Power Cable 

.1 General: suitable for VFD application, as indicated on drawing and compatible with selected motor. 
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.2 Conductors: annealed tinned Copper conductors, symmetrically spaced, with minimum power 

conductor size: No. 12AWG. 

.3 Conductors: size as indicated, with cross linked polyethylene (XLPE) insulation rated minimum 

1000V (confirm with VFD manufacturer), rated at 90°C wet or dry, CSA approved. 

.4 Colour coded as per ICEA Method 4. 

.5 Ground: Class B stranded, 3-symmetrically placed annealed tinned copper conductors in direct 

contact with shield 

.6 Dual shield: overall tinned copper braided shield in conjunction with an aluminum/polymer tape 

shield. 

.7 Jacket: PVC, moisture and sunlight resistant. 

.8 Armour Cable (as indicated): flexible interlocking aluminum armour. Include Hazardous Locations 

“HL” label on cable where installed in hazardous areas. 

.9 Acceptable manufacturer: General Cable, Prysmian. 

2.3 Instrumentation Signal Wiring 

.1 Multi-conductor type with individually colour or number coding. 

.2 Twisted pairs or triplets (triads) as required. Provide grouped cables with multiple pairs or triplets 

as required. 

.3 Each pair or triplet to be wrapped in an aluminum / mylar shield with an overall bare stranded 

copper drain wire 

.4 Ratings: 600VAC, insulated, 90°C. 

.5 Minimum conductor size: #16AWG, stranded conductors, tinned-copper. 

.6 Non-armour cable: overall aluminum sheath and an outer FR-PVC jacket. 

.7 Armour cable (as indicated on drawings): overall interlocking aluminum flexible armour and an 

outer FR-PVC jacket. 

.8 Multiple pairs/triplets to incorporate an overall aluminum/mylar shield with a copper drain wire. 

.9 Armour cable connectors: 

.1 Watertight connectors for non-hazardous areas. 

.2 Class 1 Groups C-D rated connectors c/w sealing compound for hazardous areas. 
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2.4 Thermostat (low voltage) Cable 

.1 Low energy 300 V control cables: stranded anneal copper conductors, twisted pairs/triplets, multi-

conductors as required, with PVC insulation rated 80°C, and a UV rated overall PVC jacket covering. 

.2 Minimum size: #18AWG. 

2.5 Wiring Accessories 

.1 Wire markers: computer printed, black letters on white background, self-laminating – vinyl markers, 

number of markers as required. 

.2 Cable markers for cables or conductors greater than 13 mm diameter: strap-on type, rigid PVC, 

black letters on white background, with PVC covered aluminium straps. 

.3 Terminal blocks: minimum 600 V rated, modular, sized to accommodate conductor size used. 

.4 Where screw-type terminals are provided on equipment field wiring: terminate with pressure-type 

insulated copper fork tongue terminals. 

.5 Splice connectors for wire sizes Nos. 12-10 AWG inclusive: compression spring type. 

.6 Splice connectors for wire sizes No. 8 AWG and larger: split-bolt type, sized to suit number and size 

of conductors, c/w flame retardant foot-type insulator. 

.7 Cable ties shall be nylon, one-piece, self-locking type. 

.8 Connectors for Teck armoured cables installed in hazardous locations: design approved for the 

application. 

.9 Connectors for Teck armoured cables installed in wet areas or outdoors: watertight design. 

.10 Cable pulling lubricant: compatible with cable covering and will not cause damage and corrosion to 

conduits or ducts. 

3 EXECUTION 

3.1 Installation – General 

.1 Install all wire and cable according to the drawings, with a minimum power conductor size of No. 

12 AWG and minimum control conductor size of No. 14 AWG. 

.2 Pull cable into ducts and conduits in accordance with the cable manufacturer’s recommendations, 

using patented cable grips suitable for the type of cable or using pulling eyes to be installed directly 

onto the cable conductors. 

.3 Limit pulling tensions to those recommended by the manufacturer to avoid overstressing cable. 

.4 Utilize adequate lubricant when pulling cables through ducts and conduits to minimize wear on 

cable jackets. 
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.5 Install all through wiring in junction and pull boxes having no connection within the box with a 

minimum of 150 mm of slack left inside the box. 

.6 Install instrument and thermocouple extension wiring separate from power and control wiring.  

.7 Make connections to equipment “pig-tails” with mechanical, insulated, screw-on connectors for 

wire sizes Nos. 12-10 AWG. For wire sizes No. 8 AWG and larger utilize split-bolt connectors, taped 

with three layers minimum of insulating tape. 

.8 No splices shall be permitted in cable or wiring runs, and shall only be permitted in junction boxes. 

.9 Unless otherwise specified, make all wiring tapes, splices and terminations with identified 

compression screw type terminal blocks, securely fastened to avoid loosening under vibration or 

normal strain. Make connections for interior and exterior lighting circuits and 120 V, 15 amp 

convenience receptacle circuits using screw-on or split-bolt connectors and insulating tape. 

.10 Identify each conductor by plastic slip-on markers at each termination indicating the circuit 

designation or wire number. 

.11 Identify each cable by attaching a suitable marker, stamped or indelibly marked with the cable 

number, at each end of the cable and in all intermediate manholes, junction boxes and pull boxes. 

END OF SECTION 
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Motor Control Centres 
1 GENERAL  

1.1 General Conditions 

.1 All sections of Division 1 form a part of this Specification. Read and fully adhere to exactly as if 

repeated here in full. 

.2 Refer to all other Divisions of the Specifications and these documents to determine their effect 

upon the work of this section. 

.3 All sections of Divisions 1 to 16 inclusive form part of the Contract Documents. Refer to Section 

16010 for General Electrical requirement related to this work. 

1.2 Scope 

.1 Furnish all labour, materials, supervision, equipment and services specified, indicated or requested 

to install the Motor Control Centres (MCC) specified herein and on the drawings. 

.2 Provide dedicated section for Automatic Transfer Switch, as indicated. Refer to Section 16627 for 

Automatic Transfer Switch specifications. 

1.3 Conflicting Requirements 

.1 Any ambiguities in, or contradictions between sections of this Specification, or between this 

Specification and the local codes, must be resolved by the equipment manufacturer to the 

satisfaction of the Engineer. 

1.4 Deviations from Specifications 

.1 Deviations from this Specification may occur due to special design conditions. Such deviations may 

be permissible if they are equal to or better than the specified requirements, and only when they 

are approved by the Engineer. 

1.5 Codes and Standards 

.1 Materials and workmanship shall comply with codes and standards of the Province in which the 

work is located and local codes, regulation and standards. 

.2 In addition, the work shall confirm to the latest editions and amendments of the applicable Codes 

and Standards of the following agencies: 

.1 EEMAC Standard ICS2-322. 

.2 CSA Standard C22.2 – 14, “Industrial Control Equipment”. 
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.3 CSA Standard C22.1, Canadian Electrical Code, Part I plus Provincial supplements. 

.4 Applicable sections of ANSI (American National Standards Institute) Standards. 

1.6 Source Quality Control (Testing) 

.1 Conduct equipment inspection at manufacturer’s plant. 

.2 Provide manufacturer’s type test certificates, and in accordance with the latest CSA, ANSI, IEEE, 

NEMA and EEMAC standards. 

.3 Manufacturer to provide standard factory testing of complete MCC including operation of switches, 

circuit breakers, starters and controls. 

.4 Submit certified written test results to Engineer prior to shipment. 

1.7 Spare Parts and Tools 

.1 Provide an itemized list of spare parts as recommended for start-up. 

.2 Provide an itemized list of all recommended spare parts required for routine and minor overhauls 

for two (2) years of normal operation. Each piece of equipment shall have part number or 

designation. 

.3 Use identical equipment and components where practical to permit inter-changeability of parts, 

minimize spare parts inventory, and to simplify maintenance. 

.4 Where two or more items of equipment perform similar functions, use the same make and, where 

practical, the same model number and size. 

.5 Provide a complete list with price list of special tools required for commissioning and servicing of 

the equipment. 

1.8 Shop Assembly 

.1 Maximize shop assembly to minimize the on-site erection work. 

.2 Shipped the equipment in as few sub-assemblies as is practical and in accordance with overall 

erection schedule. 

1.9 Packaging and Shipping 

.1 Pack, crate or otherwise protect each item so that it is not damaged in transit and arrives in 

serviceable condition at the site. In particular, ensure accumulation of water in equipment is 

prevented. 

.2 Include with the shipment one copy of erection drawings, instructions and maintenance manuals 

in English. 
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.3 Clearly mark all crates, boxes and cartons to indicate the purchase order number and the name of 

the equipment. 

.4 Shipping invoice shall show the crate, box or carton number. 

1.10 Guarantee 

.1 The performance of the MCC equipment shall be guaranteed throughout to perform the duty stated 

herein. 

.2 In addition, guarantee the equipment against faulty materials, construction and workmanship for a 

period of twelve (12) months from date of start-up (i.e., commissioning). 

1.11 Metrication/Imperial 

.1 All design data, drawings, calculations, etc., shall be prepared using metric units in accordance with 

SI practice with imperial units shown in parentheses. 

1.12 Shop Drawings 

.1 Indicate on the shop drawing submission: 

.1 Outline dimensions and weights of each section. 

.2 Configuration of identified compartments. 

.3 Floor anchoring method and dimensioned foundation template. 

.4 Cable entry and exit locations. 

.5 Dimensioned position and size of busbars and details of provision for future extension. 

.6 Elementary control diagrams, as indicated. 

.2 Submit shop drawing showing the proposed floor anchor system to secure MCC to floor. Anchor 

system must comply with local building code to meet the seismic criteria for the project area. 

1.13 Operation and Maintenance Data 

.1 Provide 3-ring binder(s) and indexed copies of operating and maintenance manuals with the 

following: 

.1 Complete parts list. 

.2 Spare parts list. 

.3 Installation instructions. 

.4 Operating instructions. 

.5 Maintenance instructions. 
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.6 Detailed trouble shooting procedures and fault correction schedules. 

.7 Data for each type and style of starter, relays and circuit breakers. 

1.14 Measurement for Payment 

.1 No measurement for payment will be made under this section. 

1.15 Basis of Payment 

.1 All labour, materials and equipment necessary for the work in this Section shall be included in the 

lump sum prices in the Schedule of Items and Prices. 

2 PRODUCTS 

2.1 Service Entrance Supply Characteristics 

.1 600/347 V, 3-phase, 3 wire, 60 Hz. 

2.2 General Description 

.1 Compartmentalized vertical sections with common power busbars. 

.2 Floor mounting, free standing, enclosed dead front. 

.3 Indoor NEMA/EEMAC 1A enclosure (gasketted). 

.4 Accommodating incoming circuit breaker combination starters and feeder/branch fusible switches 

as indicated. 

.5 Suitable for front mounting. 

.6 EEMAC Class II Type B assembly. 

.7 General arrangement of MCC as indicated on electrical contract drawings. 

.8 The number of unassigned compartments (spaces) may be increased but not decreased. If needed, 

provide additional MCC section(s) to maintain the number of spares or spaces indicated on 

drawings. 

.9 Provide all necessary warning signs as required by local Inspection Authorities. 

2.3 Vertical Section Construction 

.1 Independent vertical sections fabricated from rolled flat steel sheets, bolted together to form rigid, 

completely enclosed assembly. 

.2 MCC Section dimensions: nominally 2286mm (90”) high, 508mm (20”) deep and 508mm (20”) wide. 

Refer to drawings for sizes of all sections. 

.3 Each vertical section divided into compartment units, minimum 305 mm high, or as indicated. 
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.4 Each unit to have complete top and bottom steel plate for isolation between units. 

.5 Horizontal wireways, equipped with cable supports, across top and bottom, extending full width of 

MCC, isolated from busbars by steel barriers. 

.6 Vertical wireways for load and control conductors extending full height of vertical sections, 

minimum 100 mm wide and equipped with cable tie supports. Installation wiring to units accessible 

with doors open and units in place. 

.7 Openings, with removable coverplates, in side of vertical sections for horizontal wiring between 

sections. 

.8 Main incoming cables to enter at top with terminals as indicated. 

.9 Provision for outgoing cables to exit via top or bottom with terminals. 

.10 Removable lifting means. 

.11 Provision for future extension of both ends of MCC including busbars without need for further 

drilling, cutting or preparation in field. 

.12 Divide assembly for shipment to site, complete with hardware and instructions for re assembly. 

.13 Provide each unit, including unused compartments, with a removable formed door with concealed 

hinges. 

2.4 Sills 

.1 Continuous channel iron floor sills for mounting bases with 19 mm diameter holes for bolts. 

2.5 Busbars 

.1 Provide main horizontal and branch vertical busbars, (three phase) of high conductivity tinned 

plated copper busbars in separate compartment bare self-cooled, extending entire width and 

height of MCC, supported on insulators and rated: 

.1 Main horizontal busbars: 600 A. 

.2 Branch vertical busbars: 300 A. 

.2 Branch vertical busbars for distribution of power to units in vertical sections. 

.3 No other cables, wires, equipment in main and branch busbar compartments. 

.4 Brace buswork to withstand effects of short circuit current of 42 kA rms symmetrical. 

.5 Bus supports: with high dielectric strength, low moisture absorption, high impact material and long 

creepage surface designed to discourage collection of dust. 
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2.6 Ground Bus 

.1 300A Copper ground bus (tin plated) size 50 x 3 mm extending entire width of MCC, located at 

bottom. 

.2 Provide lugs (2) suitable for a copper grounding (stranded) conductor, sized as indicated on 

drawings. 

2.7 Motor Starter Contactors and Devices 

.1 Combination magnetic full voltage starters of size, type, and rating as indicated with the following 

features: 

.1 Contactor solenoid operated, rapid action type rated heavy duty and long life. 

.2 Overload element: 

.1 Integral bimetallic heater elements in each phase, with adjustable FLA current 

range. 

.2 Manual reset from MCC unit door (exterior). 

.3 Include normally open and normally closed auxiliary contacts. 

.4 Motor size and FLA requirements as per drawings. 

.3 Power and control terminal blocks. 

.4 Elementary control diagram inside starter enclosure invisible location. 

.5 Starter to include fusible switch (Class J type), properly rated for motor it is protecting. 

.6 Minimum starter size: NEMA/EEMAC Size 1 (10 HP @ 600V, 3-phase). 

.2 Control Transformer: 

.1 Single phase, dry type, control transformer with primary voltage as indicated, and 120 V 

or 24 V secondary as indicated, complete with primary (2) and secondary (1) fuses. 

.2 Size control transformer for control circuit load plus 20% spare capacity. 

.3 Provide each starter with two normally open and two normally closed 120 V spare contacts, wired 

to terminal blocks, unless otherwise indicated on drawings. 

2.8 Motor Starter Unit Compartments (FVNR, FVR, SS, VFD, etc.) 

.1 Units NEMA/EEMAC size 3 and size 4, circuit breaker units 225 A and smaller, plug in type with self-

disconnect.  

.2 Units NEMA/EEMAC size 1 and 2, circuit breaker or fusible (as indicated) plug-in type, with self-

disconnect. 
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.3 Guide rail supports for units to ensure that stabs make positive contact with vertical bus. Provision 

for units to be installed or removed, off load, while buses energized. 

.4 Unit mounting: 

.1 Engaged position – unit stabbed into vertical bus. 

.2 Withdrawn position – unit isolated from vertical bus but supported by structure. 

.3 Provision for positive latching in either engaged or withdrawn position and padlocking in 

withdrawn position. 

.4 Stab on connectors free-floating silver-plated clips, self-aligning. 

.5 External operating handle of circuit breaker or fusible switch interlocked with door to prevent door 

opening with switch in “on” position. Provision for 3 padlocks to lock operating handle in “off” 

position and lock door closed. 

.6 Hinge unit doors on same side. 

.7 Overload relays manually reset from front with door closed. 

.8 Pushbuttons, ETMs and indicating lights mounted on door front. 

.9 Devices and components by one manufacturer to facilitate maintenance. 

.10 The number of unassigned compartments (spaces) may be increased but not decreased. 

2.9 Automatic Transfer Switch (ATS) Section 

.1 Provide a section suitable for ATS equipment and instruments. 

.2 Provide sufficient space and all necessary structural supports to accommodate ATS equipment. 

Coordinate with ATS supplier. 

2.10 Feeder/Branch Circuit Breakers 

.1 Circuit breaker to operate by means of a handle mechanism on each unit door, with a minimum 

120° rotation between ON and OFF position. Include provision for locking the disconnect in the OFF 

position, with up to three padlocks. 

.2 Circuit breaker frame and trip rating: sizes as shown on drawings. 

.3 Breaker frame: frame size as indicated on drawings, 600V, 60Hz, 3-Pole, minimum 35,000 Amp 

interrupting capacity (symmetrical). 

.4 Mechanical interlock to prevent opening of unit door when disconnect switch is in the ON position. 

Also, mechanical interlock to prevent switch from closing when the unit door is open. Provide 

manual override for authorized personnel to defeat these two interlock conditions. 
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2.11 Wiring and Terminal Blocks 

.1 Provide internal power wiring from the line side of each starter to the bus stabs with a minimum of 

#10 AWG wire, stranded copper, XLPE, 1 kV rated. Size wiring to accommodate the largest 

horsepower that the line starter is capable of switching. 

.2 Control wiring complete wire markers: 600 V rated, XLPE insulated, minimum #14 AWG size 

stranded copper. Install wiring to panel doors utilizing extra flexible 49-strand conductors. 

.3 Identify all wiring by means of oil-resistant markers fixed to each conductor at both ends. 

.4 Wires colour code: 

.1 Control circuits – Red. 

.2 Power circuits – Black. 

.5 Terminal blocks: compression type, modular pull-apart construction, enabling unit wiring to be 

easily separated from field wiring. Identify all terminal blocks with numbers identical to the wire 

numbers. 

.6 No more than two wires per terminal screw (i.e. on terminal block). 

2.12 Equipment Identification 

.1 Nameplates: lamicoid 3 mm thick plastic engraving sheet, black face, white core, mechanically 

attached with stainless steel screws. 

.2 Provide the following equipment identification: 

.1 MCC main nameplate: 25 mm high white letters on black background. 

.2 Individual compartment nameplates: 12 mm high white letters on black background. 

2.13 Control Devices 

.1 Install operator’s control devices for each starter or contactor unit on MCC units as indicated. 

.2 Pushbuttons: 30mm momentary contact type, heavy duty oil tight, operator flush type, colour as 

indicated, 1-NO and 1-NC contacts rated 5A at 120 V AC, NEMA/EEMAC 13 rating. 

.3 Selector switches: 30mm maintained contact type, 2 or 3 positions (as indicated), heavy duty oil 

tight (NEMA/EEMAC 13 rating), operator’s standard knob, contact arrangement as indicated, rated 

5A at 120 V AC. 

.4 Indicating lights: 30mm heavy duty oil tight (NEMA/EEMAC 13 rating), transformer type, push-to-

test type, lens colour as indicated, 120V AC supply voltage rating, 6 V lamp voltage rating. 

.5 ETMs: 8-digit, non-resettable, NEMA/EEMAC 13 rating. 
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.6 Control/Timing relays: plug-in type, low coil current, heavy duty contacts with multi-contact poles 

as indicated. Coil rating 120V AC-60 Hz, contact rating 10A @ 120V AC. 

2.14 Finishes 

.1 Shop finish metal enclosure surfaces by application of rust-resistant primer inside and outside, and 

at least two coats of finish enamel. 

.2 Paint MCC exterior ASA #61 light grey and interiors white. 

.3 Provide a 100 mL container of finish enamel for touch-up of scratches during installation. 

2.15 MCC Manufacturers 

.1 Acceptable manufacturers: Allen-Bradley. 

3 EXECUTION 

3.1 Installation 

.1 Set and secure MCC in place on channel bases, rigid, plumb and square to building floor and wall. 

.2 Make field power and control connections as indicated. 

.3 Install customer instrument transformers on load side of main circuit breaker, and downstream of 

utility metering section. 

.4 Make grounding connections between equipment ground busses and building grounding system. 

.5 Check all factory-made connections for mechanical security, electrical continuity and current 

phasing. 

.6 Provide floor anchors to secure MCC to floor. Anchor system must comply with the local building 

code to meet seismic criteria in the project area. 

3.2 Tests 

.1 Perform tests in accordance with Section 16010 – Electrical General Requirements. 

.2 Ensure moving and working parts are lubricated where required. 

.3 Operate starters in sequence to prove satisfactory performance of MCC during 8-hour period. 

END OF SECTION 
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VFD, Harmonic Filter Transformer and dv/dt 
Filter 

1 GENERAL  

1.1 General Conditions 

.1 All sections of Division 1 form a part of this Specification. Read and fully adhere to exactly as if 

repeated here in full. 

.2 Refer to all other Divisions of the Specifications and these documents to determine their effect 

upon the work of this section. 

.3 All sections of Divisions 1 to 16 inclusive form part of the Contract Documents. Refer to Section 

16010 for General Electrical requirement related to this work. 

1.2 Scope 

.1 Furnish all labour, materials, supervision, equipment and services specified, indicated or requested 

to install the VFD and harmonic (mitigation) filter transformers specified herein and on the 

drawings. 

.2 Basic Electrical Equipment, as specified in Section 16400. 

.3 Refer to Section 16480 for specifications of Motor Control Centres (MCC). 

1.3 Conflicting Requirements 

.1 Any ambiguities in, or contradictions between sections of this Specification, or between this 

Specification and the local codes, must be resolved by the equipment manufacturer to the 

satisfaction of the Engineer. 

1.4 Deviations from Specifications 

.1 Deviations from this Specification may occur due to special design conditions. Such deviations may 

be permissible if they are equal to or better than the specified requirements, and only when they 

are approved by the Engineer. 

1.5 Codes and Standards 

.1 Materials and workmanship shall comply with codes and standards of the Country in which the 

work is located and local codes, regulation and standards. 

1.6 Source Quality Control (Testing) 

.1 Conduct equipment inspection at manufacturer’s plant. 
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.2 Provide manufacturer’s type test certificates, and in accordance with the latest standards. 

.3 Manufacturer to provide standard factory testing of complete VFD unit including operation with 

motor and harmonic filter (mitigation) equipment prior to shipment. 

.4 Submit certified written test results to Engineer prior to shipment. 

1.7 Packaging and Shipping 

.1 Pack, crate or otherwise protect each item so that it is not damaged in transit and arrives in 

serviceable condition at the site. In particular, ensure accumulation of water in equipment is 

prevented. 

.2 Include with the shipment one copy of equipment drawings, instructions and maintenance manuals 

in English. 

1.8 Guarantee 

.1 Guarantee the performance of the VFDs and harmonic filter transformer equipment throughout to 

perform the duty stated herein. 

.2 In addition, guarantee the equipment against faulty materials, construction and workmanship for a 

period of twelve (12) months from date of start-up (i.e., commissioning). 

1.9 Shop Drawings 

.1 Indicate on the shop drawing submission: 

.1 Outline dimensions. 

.2 Configuration of identified compartments. 

.3 Cable entry and exit locations. 

.4 Elementary control diagrams, as indicated. 

1.10 Operation and Maintenance Data 

.1 Provide 3-ring binder(s) and indexed copies of operating and maintenance manuals with the 

following: 

.1 Complete parts list. 

.2 Spare parts list. 

.3 Installation instructions. 

.4 Operating instructions. 

.5 Maintenance instructions. 
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.6 Detailed trouble shooting procedures and fault correction schedules. 

1.11 Measurement for Payment 

.1 No measurement for payment will be made under this section. 

1.12 Basis of Payment 

.1 All labour, materials and equipment necessary for the work in this Section shall be included in the 

lump sum prices in the Schedule of Items and Prices. 

2 PRODUCTS 

2.1 Variable Frequency Drives (VFDs) 

.1 General requirements:  

.1 Converts incoming fixed frequency three phase AC power into a variable frequency 

utilizing pulse width modulation. 

.2 Full wave diode bridge rectifier, maintaining a fundamental power factor near unity 

regardless of speed or load. SCR front ends which produce line notching are not 

acceptable. 

.3 Utilize DC capacitors to filter out bus ripple and provide smooth DC power to transistor 

section. 

.4 Utilize IGBT transistors to produce a pulse width modulated output. SCRs are not 

acceptable. 

.5 VFD must provide full rated output current continuously, providing 110% of its variable 

torque rating and 150% of its constant torque rating for one minute. 

.6 Incorporates voltage vector control to reduce motor harmonics and torque ripple. 

.7 Include a DC link reactor on all units above 55 Amps for harmonic correction. Units that 

are 55 Amps and above that are not supplied with a dc link reactor provide an input AC 

line reactor. 

.8 Stand-Alone Enclosure Rating: NEMA 12, compact design suitable for floor mounting. 

Refer to contract drawings for space requirements. 

.9 Provide a motor current rated ‘dv/dt filter’ on the output of the VFD. The filter will be 

located within MCC enclosure. 

.10 Include a control transformer inside VFD enclosure for VFD control wiring. Size control 

transformer to suit load requirements plus 30% spare capacity.  
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.11 Enclosure: VFD to be mounted within MCC. Refer to contract drawings and section 16480 

– Motor Control Centres. 

.2 VFD Input/Output Requirements: 

.1 Selectable speed control input signal: via a 4-20mADC or potentiometer, programmed to 

be inverse or direct acting. 

.2 Speed output signal: one 4-20mADC, programmable to the following functions: 

.1 Motor Speed, Motor Current, Output Torque, Output Power, Output 

Frequency, Reference Frequency, Motor Temperature, PID Feedback 

.3 Discrete output signals: three Form C output contacts, programmable to the following 

functions: 

.1 Drive Running, Running Forward Indication, Running Reverse Indication, Drive 

Ready, At Speed, Drive Faulted, Drive Not Faulted, Drive in Remote, Jogging, 

Above Set Current, In Current Limit, Loss of Reference Indication, At ZERO 

Speed, PID High Limit, PID Low Limit. 

.4 Control wiring complete with wire markers: suitable for either two or three wire control 

for start/stop, see drawings. 

.5 Include nine (9) inputs that are programmable. The inputs shall be programmable to the 

following functions: 

.1 Forward Run Command, Reverse Run Command, Jog Command, Fault Reset 

Command, Preset Speed Selection, Alternate Accel/Decel Ramp Selection, DC 

Injection Enable, PID Control Enable, Torque Limit, Local/Remote Selection, 

Terminal/Keypad Selection, Serial Link Override, Thermister Input. 

.6 Include integral PID loop to hold pressure, temperature, etc. Selectable feedback; 4-

20mA, 0-10Vdc, or 0-5dc signal. PI Loops are not acceptable. 

.7 Low Limit and High Limit Alarm for the PID Loop. 

.8 Include a “loss of a signal” function. Upon “loss of signal” the VFD shall be field selectable 

to the following actions: 

.1 No Action, Fault, Retain Current Speed, Run at a Preset Level. 

.3 VFD Protective Functions: 

.1 Adjustable overload protection to protect connected motor. 

.2 Protection from input transients by utilizing MOVs (Metal Oxide Varistors). 

.3 Protect and display the following faults (in English): 
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.1 Over Voltage, Under Voltage, Over Current, Ground Fault, Drive Over 

Temperature, Blown DC Bus Fuse, Overload, Motor Overload, External Trip, 

Input Phase Loss, DB Circuit Failure, Motor Over Temperature, Drive Under 

Temperature, Output Phase Loss, Precharge Circuitry Fault, Unbalance Current 

Fault, Loss of Reference Fault, Loss of Keypad Fault, DB Resistor Over 

Temperature. 

.4 Adjustable Drive Stall function, lowering the drive’s output frequency to prevent Over 

Current faults during periods of high load on variable torque applications. 

.5 Single phase protection, with a field selectable fault for loss of phase protection. If not 

available, provide a separate Phase Loss Relay. 

.6 Auto Restart function to automatically restart the drive after an Over Voltage, Over 

Current, Ground Fault, Overload fault or Loss of Power. Programmable Re-starts from 0-

8 retry attempts. 

.7 The VFD shall allow which faults will have the ability to be auto restarted. These faults will 

include Overload, Over Voltage, Over Current, Over Temperature and Loss of Power. 

.8 Motor speed search function to match the motor speed upon restart. 

.9 Cooling fan to be thermostatically controlled. Include a warning on the operator display 

for a loss of internal cooling fan. 

.10 Allow reverse operation to be locked out for applications in which reverse operation 

would damage the equipment. 

.11 Include an internal light duty DB resistor to eliminate nuisance overvoltage trips. VFDs 

without this function will be required to add an external resistor for this function. 

.4 VFD Operator Interface Functions: 

.1 Digital keypad for programming, monitoring, speed control, remote control and 

start/stop control. 

.2 LCD true English display. LED keypads are not acceptable. 

.3 The VFD keypad shall provide indication of the following conditions: 

.1 Drive running forward, Drive running reverse, Drive stopped, Drive in a warning 

condition, Drive faulted. 

.4 The VFD shall display: 

.1 Keypad or Terminal mode for speed control, Keypad or Terminal Mode for 

start/stop control, Motor direction, Output frequency, Output current, Output 

speed, Output Power, Drive Temperature, Analog Reference, Fault condition, 
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Input terminal Status, Output terminal Status, Fault Diagnostics of the Past Nine 

Faults. 

.5 Fault Reset button to clear trips/alarms. 

.6 In Keypad Control, the VFD shall be able to be started in the forward and reverse direction. 

.5 VFD Programming Features: 

.1 Three (3) adjustable acceleration and adjustable deceleration times. Adjustable times 

from 0-3200 seconds. 

.2 Base/nominal frequency adjustable from 25-320 Hz. 

.3 Selectable Volts/Hz patterns as follows: Linear for Constant Torque Loads, Squared for 

Variable Torque Loads, Auto Boost to optimize the Volts/Hz curve at low speeds. 

.4 Adjustable voltage boost function to provide extra torque during starting. 

.5 Adjustable maximum and minimum speed settings. 

.6 Adjustable carrier frequency for quiet motor operation. Adjustable range from 1-16 kHz. 

.7 Auto Carrier Frequency Function to automatically select the highest carrier frequency 

possible without overheating the VFD. 

.8 Password protection. 

.9 Communication module complete with standard Allen Bradley Ethernet/IP Interface and 

RJ45 connector. 

.10 Selectable DC injection on starting to compensate for a windmilling fan. Selectable time 

from 0.0 to 25.0 seconds. 

.11 Five selectable skip frequencies to avoid system resonance. 

2.2 Harmonic Filter (Mitigation) Transformer Equipment 

.1 Equipment must treat all characteristics of low frequency harmonics generated by 3-phase VFDs 

and other rectifier loads (5th, 7th, 11th, 13th, etc.). 

.2 Characteristic harmonics shall not utilize phase shifting against other VFDs. 

.3 Suitable for application on multiple VFDs, as specified above in Section 2.1. 

.4 Complies with IEEE 519 standard (1992 and 2014) for both current and voltage distortion. 

.5 Power Factor: 0.98 lagging to 0.95 leading over normal operating range. 

.6 Provide a capacitor “cut-out” system to be activated via digital input during generator powered 

operations, and will not resonate with other power system components or attract line side 

harmonics. 
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.7 Suppresses overvoltages caused by capacitor switching and other fast changing loads. Reduces RF 

Interference generated by VFDs. 

.8 Technical Data: 

.1 HP/kW rating: Refer to contract drawings for motor HP rating. 

.2 Voltage and frequency: 600V, 60Hz, 3-phase. 

.3 Winding material: Copper. 

.4 Overload capability: 150% for 60 seconds every 10 minutes. 

.5 Input Current Demand Distortion: Less than 8%, over entire operating range. 

.6 Efficiency: Greater than 99% at full load. 

.7 Ventilation: Convection air cooled. Filters that utilize forced air fan cooling are not 

acceptable. 

.8 Harmonic filters that have reactors designed to saturate near full load are not acceptable. 

.9 Enclosure: NEMA 12 or 3R, wall mounted. 

.10 Color: Polyester powder coated, ANSI 61 grey. 

.9 Acceptable Manufacturers: Mirus International Inc. and Hammond Centurion. 

2.3 Output dv/dt Filter 

.1 Provide an all-in-one motor protection “low-pass” filter to reduce common mode, peak voltage 

protection and rise time reduction to AC motors, in a small foot print with a robust design. 

.2 Performance specifications to include: 

.1 Input voltage: 600V, 3-Phase, 60Hz, +/- 10% 

.2 Current range: refer to single line diagram for motor HP rating. 

.3 Inverter operating frequency: up to 60Hz, without derating. 

.4 Ambient temperature range: -40oC to +40oC 

.5 Current rating: 100% RMS continuous, 150% for 5min., 200% for 10sec. 

.6 Efficiency: ≥ 98% 

.7 CSA approved or cUL listed. 

.8 Common mode reduction: minimum 30% + peak current reduction. 

.9 Enclosure: open style if mounted within an MCC, or Type 1, ventilated, steel enclosure if 

wall mounted. Verify with MCC supplier. 
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.3 Acceptable manufacturer: TCI V1K series, or MTE 

3 EXECUTION 

3.1 Installation 

.1 Set and secure VFD and Harmonic Filter Transformer in place, rigid, plumb and square to building 

floor and wall. 

.2 Make field power and control connections as indicated. 

.3 Ensure field power and control connections as indicated. 

.4 Make grounding connections between equipment ground and building grounding system. 

3.2 Start-Up, Testing and Commissioning 

.1 Perform tests in accordance with Section 16010 – Electrical General Requirements. 

.2 Include services from manufacturer’s technical representative to assist in setting-up and 

programming each VFD unit at project job site. 

.3 Include all necessary site visits by manufacturer’s representative to start-up and ensure “trouble-

free” operation of system. Extend these services during entire length of warranty period. 

.4 Verify harmonic compliance with “onsite” field measurements of both voltage and current 

harmonic distortion at the input terminals of the Harmonic Filter Transformer, with and without 

the equipment operating. 

.5 Utilize a harmonic analyser (Fluke 41 or equivalent) to verify the harmonic compliance test. Provide 

report to engineer. 

3.3 Training 

.1 Refer to Division 1, 01820 – Facility Commissioning – Electrical, section 1.21. 

END OF SECTION 
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	2c_M20051_16481 VFD Harmonic Filter Transformer and dvdt Filter_Add#5.pdf
	1 GENERAL
	1.1 General Conditions
	.1 All sections of Division 1 form a part of this Specification. Read and fully adhere to exactly as if repeated here in full.
	.2 Refer to all other Divisions of the Specifications and these documents to determine their effect upon the work of this section.
	.3 All sections of Divisions 1 to 16 inclusive form part of the Contract Documents. Refer to Section 16010 for General Electrical requirement related to this work.

	1.2 Scope
	.1 Furnish all labour, materials, supervision, equipment and services specified, indicated or requested to install the VFD and harmonic (mitigation) filter transformers specified herein and on the drawings.
	.2 Basic Electrical Equipment, as specified in Section 16400.
	.3 Refer to Section 16480 for specifications of Motor Control Centres (MCC).

	1.3 Conflicting Requirements
	.1 Any ambiguities in, or contradictions between sections of this Specification, or between this Specification and the local codes, must be resolved by the equipment manufacturer to the satisfaction of the Engineer.

	1.4 Deviations from Specifications
	.1 Deviations from this Specification may occur due to special design conditions. Such deviations may be permissible if they are equal to or better than the specified requirements, and only when they are approved by the Engineer.

	1.5 Codes and Standards
	.1 Materials and workmanship shall comply with codes and standards of the Country in which the work is located and local codes, regulation and standards.

	1.6 Source Quality Control (Testing)
	.1 Conduct equipment inspection at manufacturer’s plant.
	.2 Provide manufacturer’s type test certificates, and in accordance with the latest standards.
	.3 Manufacturer to provide standard factory testing of complete VFD unit including operation with motor and harmonic filter (mitigation) equipment prior to shipment.
	.4 Submit certified written test results to Engineer prior to shipment.

	1.7 Packaging and Shipping
	.1 Pack, crate or otherwise protect each item so that it is not damaged in transit and arrives in serviceable condition at the site. In particular, ensure accumulation of water in equipment is prevented.
	.2 Include with the shipment one copy of equipment drawings, instructions and maintenance manuals in English.

	1.8 Guarantee
	.1 Guarantee the performance of the VFDs and harmonic filter transformer equipment throughout to perform the duty stated herein.
	.2 In addition, guarantee the equipment against faulty materials, construction and workmanship for a period of twelve (12) months from date of start-up (i.e., commissioning).

	1.9 Shop Drawings
	.1 Indicate on the shop drawing submission:
	.1 Outline dimensions.
	.2 Configuration of identified compartments.
	.3 Cable entry and exit locations.
	.4 Elementary control diagrams, as indicated.


	1.10 Operation and Maintenance Data
	.1 Provide 3-ring binder(s) and indexed copies of operating and maintenance manuals with the following:
	.1 Complete parts list.
	.2 Spare parts list.
	.3 Installation instructions.
	.4 Operating instructions.
	.5 Maintenance instructions.
	.6 Detailed trouble shooting procedures and fault correction schedules.


	1.11 Measurement for Payment
	.1 No measurement for payment will be made under this section.

	1.12 Basis of Payment
	.1 All labour, materials and equipment necessary for the work in this Section shall be included in the lump sum prices in the Schedule of Items and Prices.


	2 PRODUCTS
	2.1 Variable Frequency Drives (VFDs)
	.1 General requirements:
	.1 Converts incoming fixed frequency three phase AC power into a variable frequency utilizing pulse width modulation.
	.2 Full wave diode bridge rectifier, maintaining a fundamental power factor near unity regardless of speed or load. SCR front ends which produce line notching are not acceptable.
	.3 Utilize DC capacitors to filter out bus ripple and provide smooth DC power to transistor section.
	.4 Utilize IGBT transistors to produce a pulse width modulated output. SCRs are not acceptable.
	.5 VFD must provide full rated output current continuously, providing 110% of its variable torque rating and 150% of its constant torque rating for one minute.
	.6 Incorporates voltage vector control to reduce motor harmonics and torque ripple.
	.7 Include a DC link reactor on all units above 55 Amps for harmonic correction. Units that are 55 Amps and above that are not supplied with a dc link reactor provide an input AC line reactor.
	.8 Stand-Alone Enclosure Rating: NEMA 12, compact design suitable for floor mounting. Refer to contract drawings for space requirements.
	.9 Provide a motor current rated ‘dv/dt filter’ on the output of the VFD. The filter will be located within MCC enclosure.
	.10 Include a control transformer inside VFD enclosure for VFD control wiring. Size control transformer to suit load requirements plus 30% spare capacity.
	.11 Enclosure: VFD to be mounted within MCC. Refer to contract drawings and section 16480 – Motor Control Centres.

	.2 VFD Input/Output Requirements:
	.1 Selectable speed control input signal: via a 4-20mADC or potentiometer, programmed to be inverse or direct acting.
	.2 Speed output signal: one 4-20mADC, programmable to the following functions:
	.1 Motor Speed, Motor Current, Output Torque, Output Power, Output Frequency, Reference Frequency, Motor Temperature, PID Feedback

	.3 Discrete output signals: three Form C output contacts, programmable to the following functions:
	.1 Drive Running, Running Forward Indication, Running Reverse Indication, Drive Ready, At Speed, Drive Faulted, Drive Not Faulted, Drive in Remote, Jogging, Above Set Current, In Current Limit, Loss of Reference Indication, At ZERO Speed, PID High Lim...

	.4 Control wiring complete with wire markers: suitable for either two or three wire control for start/stop, see drawings.
	.5 Include nine (9) inputs that are programmable. The inputs shall be programmable to the following functions:
	.1 Forward Run Command, Reverse Run Command, Jog Command, Fault Reset Command, Preset Speed Selection, Alternate Accel/Decel Ramp Selection, DC Injection Enable, PID Control Enable, Torque Limit, Local/Remote Selection, Terminal/Keypad Selection, Seri...

	.6 Include integral PID loop to hold pressure, temperature, etc. Selectable feedback; 4-20mA, 0-10Vdc, or 0-5dc signal. PI Loops are not acceptable.
	.7 Low Limit and High Limit Alarm for the PID Loop.
	.8 Include a “loss of a signal” function. Upon “loss of signal” the VFD shall be field selectable to the following actions:
	.1 No Action, Fault, Retain Current Speed, Run at a Preset Level.


	.3 VFD Protective Functions:
	.1 Adjustable overload protection to protect connected motor.
	.2 Protection from input transients by utilizing MOVs (Metal Oxide Varistors).
	.3 Protect and display the following faults (in English):
	.1 Over Voltage, Under Voltage, Over Current, Ground Fault, Drive Over Temperature, Blown DC Bus Fuse, Overload, Motor Overload, External Trip, Input Phase Loss, DB Circuit Failure, Motor Over Temperature, Drive Under Temperature, Output Phase Loss, P...

	.4 Adjustable Drive Stall function, lowering the drive’s output frequency to prevent Over Current faults during periods of high load on variable torque applications.
	.5 Single phase protection, with a field selectable fault for loss of phase protection. If not available, provide a separate Phase Loss Relay.
	.6 Auto Restart function to automatically restart the drive after an Over Voltage, Over Current, Ground Fault, Overload fault or Loss of Power. Programmable Re-starts from 0-8 retry attempts.
	.7 The VFD shall allow which faults will have the ability to be auto restarted. These faults will include Overload, Over Voltage, Over Current, Over Temperature and Loss of Power.
	.8 Motor speed search function to match the motor speed upon restart.
	.9 Cooling fan to be thermostatically controlled. Include a warning on the operator display for a loss of internal cooling fan.
	.10 Allow reverse operation to be locked out for applications in which reverse operation would damage the equipment.
	.11 Include an internal light duty DB resistor to eliminate nuisance overvoltage trips. VFDs without this function will be required to add an external resistor for this function.

	.4 VFD Operator Interface Functions:
	.1 Digital keypad for programming, monitoring, speed control, remote control and start/stop control.
	.2 LCD true English display. LED keypads are not acceptable.
	.3 The VFD keypad shall provide indication of the following conditions:
	.1 Drive running forward, Drive running reverse, Drive stopped, Drive in a warning condition, Drive faulted.

	.4 The VFD shall display:
	.1 Keypad or Terminal mode for speed control, Keypad or Terminal Mode for start/stop control, Motor direction, Output frequency, Output current, Output speed, Output Power, Drive Temperature, Analog Reference, Fault condition, Input terminal Status, O...

	.5 Fault Reset button to clear trips/alarms.
	.6 In Keypad Control, the VFD shall be able to be started in the forward and reverse direction.

	.5 VFD Programming Features:
	.1 Three (3) adjustable acceleration and adjustable deceleration times. Adjustable times from 0-3200 seconds.
	.2 Base/nominal frequency adjustable from 25-320 Hz.
	.3 Selectable Volts/Hz patterns as follows: Linear for Constant Torque Loads, Squared for Variable Torque Loads, Auto Boost to optimize the Volts/Hz curve at low speeds.
	.4 Adjustable voltage boost function to provide extra torque during starting.
	.5 Adjustable maximum and minimum speed settings.
	.6 Adjustable carrier frequency for quiet motor operation. Adjustable range from 1-16 kHz.
	.7 Auto Carrier Frequency Function to automatically select the highest carrier frequency possible without overheating the VFD.
	.8 Password protection.
	.9 Communication module complete with standard Allen Bradley Ethernet/IP Interface and RJ45 connector.
	.10 Selectable DC injection on starting to compensate for a windmilling fan. Selectable time from 0.0 to 25.0 seconds.
	.11 Five selectable skip frequencies to avoid system resonance.


	2.2 Harmonic Filter (Mitigation) Transformer Equipment
	.1 Equipment must treat all characteristics of low frequency harmonics generated by 3-phase VFDs and other rectifier loads (5th, 7th, 11th, 13th, etc.).
	.2 Characteristic harmonics shall not utilize phase shifting against other VFDs.
	.3 Suitable for application on multiple VFDs, as specified above in Section 2.1.
	.4 Complies with IEEE 519 standard (1992 and 2014) for both current and voltage distortion.
	.5 Power Factor: 0.98 lagging to 0.95 leading over normal operating range.
	.6 Provide a capacitor “cut-out” system to be activated via digital input during generator powered operations, and will not resonate with other power system components or attract line side harmonics.
	.7 Suppresses overvoltages caused by capacitor switching and other fast changing loads. Reduces RF Interference generated by VFDs.
	.8 Technical Data:
	.1 HP/kW rating: Refer to contract drawings for motor HP rating.
	.2 Voltage and frequency: 600V, 60Hz, 3-phase.
	.3 Winding material: Copper.
	.4 Overload capability: 150% for 60 seconds every 10 minutes.
	.5 Input Current Demand Distortion: Less than 8%, over entire operating range.
	.6 Efficiency: Greater than 99% at full load.
	.7 Ventilation: Convection air cooled. Filters that utilize forced air fan cooling are not acceptable.
	.8 Harmonic filters that have reactors designed to saturate near full load are not acceptable.
	.9 Enclosure: NEMA 12 or 3R, wall mounted.
	.10 Color: Polyester powder coated, ANSI 61 grey.

	.9 Acceptable Manufacturers: Mirus International Inc. and Hammond Centurion.

	2.3 Output dv/dt Filter
	.1 Provide an all-in-one motor protection “low-pass” filter to reduce common mode, peak voltage protection and rise time reduction to AC motors, in a small foot print with a robust design.
	.2 Performance specifications to include:
	.1 Input voltage: 600V, 3-Phase, 60Hz, +/- 10%
	.2 Current range: refer to single line diagram for motor HP rating.
	.3 Inverter operating frequency: up to 60Hz, without derating.
	.4 Ambient temperature range: -40oC to +40oC
	.5 Current rating: 100% RMS continuous, 150% for 5min., 200% for 10sec.
	.6 Efficiency: ≥ 98%
	.7 CSA approved or cUL listed.
	.8 Common mode reduction: minimum 30% + peak current reduction.
	.9 Enclosure: open style if mounted within an MCC, or Type 1, ventilated, steel enclosure if wall mounted. Verify with MCC supplier.

	.3 Acceptable manufacturer: TCI V1K series, or MTE


	3 EXECUTION
	3.1 Installation
	.1 Set and secure VFD and Harmonic Filter Transformer in place, rigid, plumb and square to building floor and wall.
	.2 Make field power and control connections as indicated.
	.3 Ensure field power and control connections as indicated.
	.4 Make grounding connections between equipment ground and building grounding system.

	3.2 Start-Up, Testing and Commissioning
	.1 Perform tests in accordance with Section 16010 – Electrical General Requirements.
	.2 Include services from manufacturer’s technical representative to assist in setting-up and programming each VFD unit at project job site.
	.3 Include all necessary site visits by manufacturer’s representative to start-up and ensure “trouble-free” operation of system. Extend these services during entire length of warranty period.
	.4 Verify harmonic compliance with “onsite” field measurements of both voltage and current harmonic distortion at the input terminals of the Harmonic Filter Transformer, with and without the equipment operating.
	.5 Utilize a harmonic analyser (Fluke 41 or equivalent) to verify the harmonic compliance test. Provide report to engineer.

	3.3 Training
	.1 Refer to Division 1, 01820 – Facility Commissioning – Electrical, section 1.21.


	END OF SECTION
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	1 GENERAL
	1.1 General Conditions
	.1 All sections of Division 1 form a part of this Specification. Read and fully adhere to exactly as if repeated here in full.
	.2 Refer to all other Divisions of the Specifications and these documents to determine their effect upon the work of this section.
	.3 All sections of Divisions 1 to 16 inclusive form part of the Contract Documents. Refer to Section 16010 for General Electrical requirement related to this work.

	1.2 Scope
	.1 Furnish all labour, materials, supervision, equipment and services specified, indicated or requested to install the Motor Control Centres (MCC) specified herein and on the drawings.
	.2 Provide dedicated section for Automatic Transfer Switch, as indicated. Refer to Section 16627 for Automatic Transfer Switch specifications.

	1.3 Conflicting Requirements
	.1 Any ambiguities in, or contradictions between sections of this Specification, or between this Specification and the local codes, must be resolved by the equipment manufacturer to the satisfaction of the Engineer.

	1.4 Deviations from Specifications
	.1 Deviations from this Specification may occur due to special design conditions. Such deviations may be permissible if they are equal to or better than the specified requirements, and only when they are approved by the Engineer.

	1.5 Codes and Standards
	.1 Materials and workmanship shall comply with codes and standards of the Province in which the work is located and local codes, regulation and standards.
	.2 In addition, the work shall confirm to the latest editions and amendments of the applicable Codes and Standards of the following agencies:
	.1 EEMAC Standard ICS2-322.
	.2 CSA Standard C22.2 – 14, “Industrial Control Equipment”.
	.3 CSA Standard C22.1, Canadian Electrical Code, Part I plus Provincial supplements.
	.4 Applicable sections of ANSI (American National Standards Institute) Standards.


	1.6 Source Quality Control (Testing)
	.1 Conduct equipment inspection at manufacturer’s plant.
	.2 Provide manufacturer’s type test certificates, and in accordance with the latest CSA, ANSI, IEEE, NEMA and EEMAC standards.
	.3 Manufacturer to provide standard factory testing of complete MCC including operation of switches, circuit breakers, starters and controls.
	.4 Submit certified written test results to Engineer prior to shipment.

	1.7 Spare Parts and Tools
	.1 Provide an itemized list of spare parts as recommended for start-up.
	.2 Provide an itemized list of all recommended spare parts required for routine and minor overhauls for two (2) years of normal operation. Each piece of equipment shall have part number or designation.
	.3 Use identical equipment and components where practical to permit inter-changeability of parts, minimize spare parts inventory, and to simplify maintenance.
	.4 Where two or more items of equipment perform similar functions, use the same make and, where practical, the same model number and size.
	.5 Provide a complete list with price list of special tools required for commissioning and servicing of the equipment.

	1.8 Shop Assembly
	.1 Maximize shop assembly to minimize the on-site erection work.
	.2 Shipped the equipment in as few sub-assemblies as is practical and in accordance with overall erection schedule.

	1.9 Packaging and Shipping
	.1 Pack, crate or otherwise protect each item so that it is not damaged in transit and arrives in serviceable condition at the site. In particular, ensure accumulation of water in equipment is prevented.
	.2 Include with the shipment one copy of erection drawings, instructions and maintenance manuals in English.
	.3 Clearly mark all crates, boxes and cartons to indicate the purchase order number and the name of the equipment.
	.4 Shipping invoice shall show the crate, box or carton number.

	1.10 Guarantee
	.1 The performance of the MCC equipment shall be guaranteed throughout to perform the duty stated herein.
	.2 In addition, guarantee the equipment against faulty materials, construction and workmanship for a period of twelve (12) months from date of start-up (i.e., commissioning).

	1.11 Metrication/Imperial
	.1 All design data, drawings, calculations, etc., shall be prepared using metric units in accordance with SI practice with imperial units shown in parentheses.

	1.12 Shop Drawings
	.1 Indicate on the shop drawing submission:
	.1 Outline dimensions and weights of each section.
	.2 Configuration of identified compartments.
	.3 Floor anchoring method and dimensioned foundation template.
	.4 Cable entry and exit locations.
	.5 Dimensioned position and size of busbars and details of provision for future extension.
	.6 Elementary control diagrams, as indicated.

	.2 Submit shop drawing showing the proposed floor anchor system to secure MCC to floor. Anchor system must comply with local building code to meet the seismic criteria for the project area.

	1.13 Operation and Maintenance Data
	.1 Provide 3-ring binder(s) and indexed copies of operating and maintenance manuals with the following:
	.1 Complete parts list.
	.2 Spare parts list.
	.3 Installation instructions.
	.4 Operating instructions.
	.5 Maintenance instructions.
	.6 Detailed trouble shooting procedures and fault correction schedules.
	.7 Data for each type and style of starter, relays and circuit breakers.


	1.14 Measurement for Payment
	.1 No measurement for payment will be made under this section.

	1.15 Basis of Payment
	.1 All labour, materials and equipment necessary for the work in this Section shall be included in the lump sum prices in the Schedule of Items and Prices.


	2 PRODUCTS
	2.1 Service Entrance Supply Characteristics
	.1 600/347 V, 3-phase, 3 wire, 60 Hz.

	2.2 General Description
	.1 Compartmentalized vertical sections with common power busbars.
	.2 Floor mounting, free standing, enclosed dead front.
	.3 Indoor NEMA/EEMAC 1A enclosure (gasketted).
	.4 Accommodating incoming circuit breaker combination starters and feeder/branch fusible switches as indicated.
	.5 Suitable for front mounting.
	.6 EEMAC Class II Type B assembly.
	.7 General arrangement of MCC as indicated on electrical contract drawings.
	.8 The number of unassigned compartments (spaces) may be increased but not decreased. If needed, provide additional MCC section(s) to maintain the number of spares or spaces indicated on drawings.
	.9 Provide all necessary warning signs as required by local Inspection Authorities.

	2.3 Vertical Section Construction
	.1 Independent vertical sections fabricated from rolled flat steel sheets, bolted together to form rigid, completely enclosed assembly.
	.2 MCC Section dimensions: nominally 2286mm (90”) high, 508mm (20”) deep and 508mm (20”) wide. Refer to drawings for sizes of all sections.
	.3 Each vertical section divided into compartment units, minimum 305 mm high, or as indicated.
	.4 Each unit to have complete top and bottom steel plate for isolation between units.
	.5 Horizontal wireways, equipped with cable supports, across top and bottom, extending full width of MCC, isolated from busbars by steel barriers.
	.6 Vertical wireways for load and control conductors extending full height of vertical sections, minimum 100 mm wide and equipped with cable tie supports. Installation wiring to units accessible with doors open and units in place.
	.7 Openings, with removable coverplates, in side of vertical sections for horizontal wiring between sections.
	.8 Main incoming cables to enter at top with terminals as indicated.
	.9 Provision for outgoing cables to exit via top or bottom with terminals.
	.10 Removable lifting means.
	.11 Provision for future extension of both ends of MCC including busbars without need for further drilling, cutting or preparation in field.
	.12 Divide assembly for shipment to site, complete with hardware and instructions for re assembly.
	.13 Provide each unit, including unused compartments, with a removable formed door with concealed hinges.

	2.4 Sills
	.1 Continuous channel iron floor sills for mounting bases with 19 mm diameter holes for bolts.

	2.5 Busbars
	.1 Provide main horizontal and branch vertical busbars, (three phase) of high conductivity tinned plated copper busbars in separate compartment bare self-cooled, extending entire width and height of MCC, supported on insulators and rated:
	.1 Main horizontal busbars: 600 A.
	.2 Branch vertical busbars: 300 A.

	.2 Branch vertical busbars for distribution of power to units in vertical sections.
	.3 No other cables, wires, equipment in main and branch busbar compartments.
	.4 Brace buswork to withstand effects of short circuit current of 42 kA rms symmetrical.
	.5 Bus supports: with high dielectric strength, low moisture absorption, high impact material and long creepage surface designed to discourage collection of dust.

	2.6 Ground Bus
	.1 300A Copper ground bus (tin plated) size 50 x 3 mm extending entire width of MCC, located at bottom.
	.2 Provide lugs (2) suitable for a copper grounding (stranded) conductor, sized as indicated on drawings.

	2.7 Motor Starter Contactors and Devices
	.1 Combination magnetic full voltage starters of size, type, and rating as indicated with the following features:
	.1 Contactor solenoid operated, rapid action type rated heavy duty and long life.
	.2 Overload element:
	.1 Integral bimetallic heater elements in each phase, with adjustable FLA current range.
	.2 Manual reset from MCC unit door (exterior).
	.3 Include normally open and normally closed auxiliary contacts.
	.4 Motor size and FLA requirements as per drawings.

	.3 Power and control terminal blocks.
	.4 Elementary control diagram inside starter enclosure invisible location.
	.5 Starter to include fusible switch (Class J type), properly rated for motor it is protecting.
	.6 Minimum starter size: NEMA/EEMAC Size 1 (10 HP @ 600V, 3-phase).

	.2 Control Transformer:
	.1 Single phase, dry type, control transformer with primary voltage as indicated, and 120 V or 24 V secondary as indicated, complete with primary (2) and secondary (1) fuses.
	.2 Size control transformer for control circuit load plus 20% spare capacity.

	.3 Provide each starter with two normally open and two normally closed 120 V spare contacts, wired to terminal blocks, unless otherwise indicated on drawings.

	2.8 Motor Starter Unit Compartments (FVNR, FVR, SS, VFD, etc.)
	.1 Units NEMA/EEMAC size 3 and size 4, circuit breaker units 225 A and smaller, plug in type with self-disconnect.
	.2 Units NEMA/EEMAC size 1 and 2, circuit breaker or fusible (as indicated) plug-in type, with self-disconnect.
	.3 Guide rail supports for units to ensure that stabs make positive contact with vertical bus. Provision for units to be installed or removed, off load, while buses energized.
	.4 Unit mounting:
	.1 Engaged position – unit stabbed into vertical bus.
	.2 Withdrawn position – unit isolated from vertical bus but supported by structure.
	.3 Provision for positive latching in either engaged or withdrawn position and padlocking in withdrawn position.
	.4 Stab on connectors free-floating silver-plated clips, self-aligning.

	.5 External operating handle of circuit breaker or fusible switch interlocked with door to prevent door opening with switch in “on” position. Provision for 3 padlocks to lock operating handle in “off” position and lock door closed.
	.6 Hinge unit doors on same side.
	.7 Overload relays manually reset from front with door closed.
	.8 Pushbuttons, ETMs and indicating lights mounted on door front.
	.9 Devices and components by one manufacturer to facilitate maintenance.
	.10 The number of unassigned compartments (spaces) may be increased but not decreased.

	2.9 Automatic Transfer Switch (ATS) Section
	.1 Provide a section suitable for ATS equipment and instruments.
	.2 Provide sufficient space and all necessary structural supports to accommodate ATS equipment. Coordinate with ATS supplier.

	2.10 Feeder/Branch Circuit Breakers
	.1 Circuit breaker to operate by means of a handle mechanism on each unit door, with a minimum 120  rotation between ON and OFF position. Include provision for locking the disconnect in the OFF position, with up to three padlocks.
	.2 Circuit breaker frame and trip rating: sizes as shown on drawings.
	.3 Breaker frame: frame size as indicated on drawings, 600V, 60Hz, 3-Pole, minimum 35,000 Amp interrupting capacity (symmetrical).
	.4 Mechanical interlock to prevent opening of unit door when disconnect switch is in the ON position. Also, mechanical interlock to prevent switch from closing when the unit door is open. Provide manual override for authorized personnel to defeat thes...

	2.11 Wiring and Terminal Blocks
	.1 Provide internal power wiring from the line side of each starter to the bus stabs with a minimum of #10 AWG wire, stranded copper, XLPE, 1 kV rated. Size wiring to accommodate the largest horsepower that the line starter is capable of switching.
	.2 Control wiring complete wire markers: 600 V rated, XLPE insulated, minimum #14 AWG size stranded copper. Install wiring to panel doors utilizing extra flexible 49-strand conductors.
	.3 Identify all wiring by means of oil-resistant markers fixed to each conductor at both ends.
	.4 Wires colour code:
	.1 Control circuits – Red.
	.2 Power circuits – Black.

	.5 Terminal blocks: compression type, modular pull-apart construction, enabling unit wiring to be easily separated from field wiring. Identify all terminal blocks with numbers identical to the wire numbers.
	.6 No more than two wires per terminal screw (i.e. on terminal block).

	2.12 Equipment Identification
	.1 Nameplates: lamicoid 3 mm thick plastic engraving sheet, black face, white core, mechanically attached with stainless steel screws.
	.2 Provide the following equipment identification:
	.1 MCC main nameplate: 25 mm high white letters on black background.
	.2 Individual compartment nameplates: 12 mm high white letters on black background.


	2.13 Control Devices
	.1 Install operator’s control devices for each starter or contactor unit on MCC units as indicated.
	.2 Pushbuttons: 30mm momentary contact type, heavy duty oil tight, operator flush type, colour as indicated, 1-NO and 1-NC contacts rated 5A at 120 V AC, NEMA/EEMAC 13 rating.
	.3 Selector switches: 30mm maintained contact type, 2 or 3 positions (as indicated), heavy duty oil tight (NEMA/EEMAC 13 rating), operator’s standard knob, contact arrangement as indicated, rated 5A at 120 V AC.
	.4 Indicating lights: 30mm heavy duty oil tight (NEMA/EEMAC 13 rating), transformer type, push-to-test type, lens colour as indicated, 120V AC supply voltage rating, 6 V lamp voltage rating.
	.5 ETMs: 8-digit, non-resettable, NEMA/EEMAC 13 rating.
	.6 Control/Timing relays: plug-in type, low coil current, heavy duty contacts with multi-contact poles as indicated. Coil rating 120V AC-60 Hz, contact rating 10A @ 120V AC.

	2.14 Finishes
	.1 Shop finish metal enclosure surfaces by application of rust-resistant primer inside and outside, and at least two coats of finish enamel.
	.2 Paint MCC exterior ASA #61 light grey and interiors white.
	.3 Provide a 100 mL container of finish enamel for touch-up of scratches during installation.

	2.15 MCC Manufacturers
	.1 Acceptable manufacturers: Allen-Bradley.


	3 EXECUTION
	3.1 Installation
	.1 Set and secure MCC in place on channel bases, rigid, plumb and square to building floor and wall.
	.2 Make field power and control connections as indicated.
	.3 Install customer instrument transformers on load side of main circuit breaker, and downstream of utility metering section.
	.4 Make grounding connections between equipment ground busses and building grounding system.
	.5 Check all factory-made connections for mechanical security, electrical continuity and current phasing.
	.6 Provide floor anchors to secure MCC to floor. Anchor system must comply with the local building code to meet seismic criteria in the project area.

	3.2 Tests
	.1 Perform tests in accordance with Section 16010 – Electrical General Requirements.
	.2 Ensure moving and working parts are lubricated where required.
	.3 Operate starters in sequence to prove satisfactory performance of MCC during 8-hour period.


	END OF SECTION
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	1 GENERAL
	1.1 General Conditions
	.1 All sections of Division 1 form a part of this Specification. Read and fully adhere to exactly as if repeated here in full.
	.2 Refer to all other Divisions of the Specifications and these documents to determine their effect upon the work of this section.
	.3 All sections of Divisions 1 to 16 inclusive form part of the Contract Documents. Refer to Section 16010 for General Electrical Requirements related to this work.

	1.2 Scope
	.1 Furnish all labour, materials, supervision, equipment and services specified, indicated or requested to install the complete wiring systems specified herein including, but not limited to:
	.1 Low voltage wire and cables.
	.2 Instrumentation wiring.
	.3 Thermostat (low voltage) wiring.

	.2 Include in the wiring system all wiring, terminations, wire markers, cable tags, cable ties, splice fittings, insulation tapes, connectors and miscellaneous materials necessary to complete the wiring system.

	1.3 Measurement for Payment
	.1 No measurement for payment will be made under this section.

	1.4 Basis of Payment
	.1 All labour, materials and equipment necessary for the work in this Section shall be included in the lump sum prices in the Schedule of Items and Prices.


	2 PRODUCTS
	2.1 Low Voltage Wire and Cable (1000V and Below)
	.1 Conductors: stranded Copper conductors, with minimum power conductor size: No. 12 AWG, minimum control conductor size: No. 14 AWG.
	.2 Power conductors: size as indicated, with cross linked polyethylene (XLPE) insulation rated 1000 V – RW90 or RWU90, as indicated.
	.3 Provide Sunlight Resistant (“SR” type) insulated conductors where exposed to weather.
	.4 Control conductors: XLPE insulation rated 600 V – RW90.
	.5 Control panel wiring: copper with thermoplastic insulation type TEW rated at 600 V.
	.6 Provide multi-conductor cables wrapped with interstitial fillers and an overall PVC (minus 40 C) flame retardant, low acid gas evolution jacket.
	.7 Insulated ground conductors forming part of a multi-conductor cable assembly shall have green colour coding.
	.8 Colour coding of insulated conductors:
	.1 1-conductor cable-Black
	.2 2-conductor cable-Black, White
	.3 3-conductor cable-Red, Black, Blue
	.4 4-conductor cable-Red, Black, Blue, White
	.5 Multi-conductor cables-Number code
	.6 Intrinsically safe field wiring: Yellow

	.9 Teck90 Cable requirements:
	.1 Conductors: Class B compressed stranded Copper conductors, size as indicated, with cross linked polyethylene (XLPE) insulation rated 1000V – RW90.
	.2 Include Hazardous Locations “HL” label on cable where installed in hazardous areas.
	.3 Inner jacket: Black PVC flame-retardant, moisture resistant
	.4 Armour: flexible interlocking aluminum armour.
	.5 Overall jacket: PVC flame-retardant, moisture and sunlight resistant, with fully printed label of cable description on jacket.
	.6 Compliances: cable rated for wet and dry installation, and hazardous locations. Compliant with CSA C22.2 Nos. 131 and 174, including CSA FT1 and FT4.
	.7 Armoured/Teck90 Cable connectors:
	.1 Watertight connectors for non-hazardous areas.
	.2 Class 1, Zone 1, Group II B rated connectors c/w sealing compound for hazardous areas.



	2.2 VFD Power Cable
	.1 General: suitable for VFD application, as indicated on drawing and compatible with selected motor.
	.2 Conductors: annealed tinned Copper conductors, symmetrically spaced, with minimum power conductor size: No. 12AWG.
	.3 Conductors: size as indicated, with cross linked polyethylene (XLPE) insulation rated minimum 1000V (confirm with VFD manufacturer), rated at 90 C wet or dry, CSA approved.
	.4 Colour coded as per ICEA Method 4.
	.5 Ground: Class B stranded, 3-symmetrically placed annealed tinned copper conductors in direct contact with shield
	.6 Dual shield: overall tinned copper braided shield in conjunction with an aluminum/polymer tape shield.
	.7 Jacket: PVC, moisture and sunlight resistant.
	.8 Armour Cable (as indicated): flexible interlocking aluminum armour. Include Hazardous Locations “HL” label on cable where installed in hazardous areas.
	.9 Acceptable manufacturer: General Cable, Prysmian.

	2.3 Instrumentation Signal Wiring
	.1 Multi-conductor type with individually colour or number coding.
	.2 Twisted pairs or triplets (triads) as required. Provide grouped cables with multiple pairs or triplets as required.
	.3 Each pair or triplet to be wrapped in an aluminum / mylar shield with an overall bare stranded copper drain wire
	.4 Ratings: 600VAC, insulated, 90 C.
	.5 Minimum conductor size: #16AWG, stranded conductors, tinned-copper.
	.6 Non-armour cable: overall aluminum sheath and an outer FR-PVC jacket.
	.7 Armour cable (as indicated on drawings): overall interlocking aluminum flexible armour and an outer FR-PVC jacket.
	.8 Multiple pairs/triplets to incorporate an overall aluminum/mylar shield with a copper drain wire.
	.9 Armour cable connectors:
	.1 Watertight connectors for non-hazardous areas.
	.2 Class 1 Groups C-D rated connectors c/w sealing compound for hazardous areas.


	2.4 Thermostat (low voltage) Cable
	.1 Low energy 300 V control cables: stranded anneal copper conductors, twisted pairs/triplets, multi-conductors as required, with PVC insulation rated 80 C, and a UV rated overall PVC jacket covering.
	.2 Minimum size: #18AWG.

	2.5 Wiring Accessories
	.1 Wire markers: computer printed, black letters on white background, self-laminating – vinyl markers, number of markers as required.
	.2 Cable markers for cables or conductors greater than 13 mm diameter: strap-on type, rigid PVC, black letters on white background, with PVC covered aluminium straps.
	.3 Terminal blocks: minimum 600 V rated, modular, sized to accommodate conductor size used.
	.4 Where screw-type terminals are provided on equipment field wiring: terminate with pressure-type insulated copper fork tongue terminals.
	.5 Splice connectors for wire sizes Nos. 12-10 AWG inclusive: compression spring type.
	.6 Splice connectors for wire sizes No. 8 AWG and larger: split-bolt type, sized to suit number and size of conductors, c/w flame retardant foot-type insulator.
	.7 Cable ties shall be nylon, one-piece, self-locking type.
	.8 Connectors for Teck armoured cables installed in hazardous locations: design approved for the application.
	.9 Connectors for Teck armoured cables installed in wet areas or outdoors: watertight design.
	.10 Cable pulling lubricant: compatible with cable covering and will not cause damage and corrosion to conduits or ducts.


	3 EXECUTION
	3.1 Installation – General
	.1 Install all wire and cable according to the drawings, with a minimum power conductor size of No. 12 AWG and minimum control conductor size of No. 14 AWG.
	.2 Pull cable into ducts and conduits in accordance with the cable manufacturer’s recommendations, using patented cable grips suitable for the type of cable or using pulling eyes to be installed directly onto the cable conductors.
	.3 Limit pulling tensions to those recommended by the manufacturer to avoid overstressing cable.
	.4 Utilize adequate lubricant when pulling cables through ducts and conduits to minimize wear on cable jackets.
	.5 Install all through wiring in junction and pull boxes having no connection within the box with a minimum of 150 mm of slack left inside the box.
	.6 Install instrument and thermocouple extension wiring separate from power and control wiring.
	.7 Make connections to equipment “pig-tails” with mechanical, insulated, screw-on connectors for wire sizes Nos. 12-10 AWG. For wire sizes No. 8 AWG and larger utilize split-bolt connectors, taped with three layers minimum of insulating tape.
	.8 No splices shall be permitted in cable or wiring runs, and shall only be permitted in junction boxes.
	.9 Unless otherwise specified, make all wiring tapes, splices and terminations with identified compression screw type terminal blocks, securely fastened to avoid loosening under vibration or normal strain. Make connections for interior and exterior li...
	.10 Identify each conductor by plastic slip-on markers at each termination indicating the circuit designation or wire number.
	.11 Identify each cable by attaching a suitable marker, stamped or indelibly marked with the cable number, at each end of the cable and in all intermediate manholes, junction boxes and pull boxes.


	END OF SECTION




