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1. GENERAL
11 Summary

.1 Work under Division 16 includes, but is not limited to the categories of the work itemized
below:

.1 Electrical Testing

.2 Grounding

.3 Cable Tray Systems

4 Power and control cabling

.5 Fastenings, conduits, fittings, junction and pull boxes
.6 Wiring devices

.7 Motor Control Centres

.8 Motor Starters

.9 Variable Frequency Drives

.10 Standby Diesel Generation

.11 Telephone, CCTV and access control systems
.12 Fire alarm systems

.13 Power management control systems
.14 Liquid filled distribution transformers
.15 Dry type transformers

.16 Automatic Load Transfer Equipment
.17 Low Voltage Harmonic Filtering

.18 Power Metering

.19 4160V and 14.4kV switchgear

.20 Panelboards.

.21 Lighting equipment.

.2 Detailed requirements for electrical items are specified in other Sections but are subject to
the general requirements of this Section.



RFP No. 659-2018B Section 16010

The City of Winnipeg Page 2 of 10

NEWPCC Upgrade: Headworks Facilities March 2020
ELECTRICAL GENERAL REQUIREMENTS

.3 The Facility is considered as an industrial site. Material and installation shall be suited for
heavy industrial usage, and not for commercial usage.

4 Provide complete and functioning electrical system.
1.2 Definitions

.1 Schematic or Elementary Diagram: A schematic (elementary) diagram shows, by means of
graphic symbols, the electrical connections, and functions of a specific circuit arrangement.
The schematic diagram facilitates tracing the circuit and its functions without regard to the
actual physical size, shape, or location of the component devices or parts.

.2 Single-Line Diagram: A single-line diagram shows, by means of single lines and graphical
symbols, the course of an electrical circuit or system of circuits and the components, devices
or parts used therein. Physical relationships are usually disregarded.

.3 Block Diagram: A block diagram is a diagram of a system, instrument, computer, or program
in which selected portions are represented by annotated boxes and interconnecting lines.

4 Wiring Diagram or Connection System: A wiring or connection diagram includes all of the
devices in a system and shows their physical relationship to each other including terminals
and interconnecting wiring in an assembly. This diagram to be (a) in a form showing
interconnecting wiring only by terminal designation (wireless diagram), or (b) by panel layout
diagram showing the physical location of devices plus the elementary diagram.

.5 Interconnection Diagram: An interconnection diagram shows all external connections
between terminals of equipment and outside points, including motors and auxiliary devices.
References to be shown to all connection diagrams which interface to the interconnection
diagrams.

.1 Interconnection diagrams to be continuous line type. Bundled wires to be shown as a
single line with the direction of entry/exit of the individual wires clearly shown. Wireless
diagrams and wire lists are not permitted.

.2 Each wire identification as actually installed to be shown. The wire identification for
each end of the same wire to be identical. All devices and equipment to be identified.

.3 Terminal blocks to be shown as actually installed and identified in the equipment
complete with individual terminal identification. All jumpers, shielding and grounding
termination details not shown on the equipment connection diagrams to be shown on
the interconnection diagrams. Wires or jumpers shown on the equipment connection
diagrams will not be shown again on the interconnection diagram.

4 Signal and DC circuit polarities and wire pairs to be shown on diagrams. Spare wires
and cables to be shown on the diagrams.

.6 Arrangement, Layout, or Outline Drawings: An arrangement, layout, or outline drawing is one
which shows the physical space and mounting requirements of a piece of equipment. It may
also indicate ventilation requirements and space provided for connections or the location to
which connections are to be made.
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1.3 Submittals

.1 Submit shop drawings and samples in accordance with Section 01330.

.2 Each submittal shall include the following information, as applicable.

A

2

Project No., name and location

Equipment Tag Number

Equipment manufacturer and model number.

Manufacturer's name and description of item

Equipment capacity, duty and performance across the full operating range of the
equipment including but not limited to:

A

2

10

A1

12

13

14

15

16

Voltages and voltage regulation

Currents / ampacity

Number of phases / wires

Frequency and frequency regulation

Power factor

Harmonic content

Temperature rise, thermal capacity, insulation class

Efficiency

Sound levels

Agency approval and certification

Single line, schematic, wiring and interconnection diagrams

Functional block diagrams, logic diagrams, process flow charts

HMI screenshots

Bills of materials

Details of construction materials, enclosure types, weights and dimensions, cable
entry locations, position and size of components, busbars, foundations, drilling and

mounting details

Panel layouts, internal equipment layouts
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.17 Catalogue cut sheets showing pertinent physical and operation characteristics of
internal components

.18 Lighting illuminance plan of each location in pdf format referencing actual building
layout and equipment locations

.19 Reports
.20 Spare parts lists

.21 Warranty, service and support information

2. PRODUCTS
2.1 Performance Criteria
.1 General:

.1 Ambient Temperature:

.1 Unless otherwise specified, size and de-rate equipment and materials for the
ambient site conditions, but at least within the ambient temperature range of minus
40°C to 40°C.

.2 Altitude:

.1 Size and de-rate equipment and materials for the altitude site conditions, but not
less than an elevation ranging from sea level to 1000 m without exceeding the
manufacturer's stated tolerances.

.2 Corrosive Areas:
.1 Review, confirm and reclassify the exposure designations in accordance with CEC
category 1 and category 2 environment and as set out in section 01450 — area
exposure designation. Provide all equipment suitable for the exposure designation.

.3 Hazardous Locations:

.1 Provide equipment suitable for installation in designated hazardous locations as
required by the Final Design.

.2 Review, confirm and re-classify, if necessary, hazardous areas per the applicable codes
such as NFPA 820, Canadian Electrical Code (CSA 22.1) and Winnipeg electrical
bylaw.

.3 Provide all equipment and material in accordance to their respective hazardous area
classification as specified in the section 18 of the Canadian electrical code.

4 Voltage Ratings:

.1 Operating voltages in accordance with WWD Electrical Design Guide:
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Power Supply voltage;

.1 Manitoba Hydro power supply is 66 kV, 3 phase, 3 wire and 60 Hz.
.2 Primary distribution voltage is 12.47 kV, 3 phase, 3 wire, 60 Hz.
Facility distribution voltages are:

.1 208/120 V, 3-phase, 4-wire, 60 Hz.

.2 480/277 V, 3-phase, 4-wire, 60 Hz.

.3 600/347 V, 3-phase, 4-wire, 60 Hz.

4 416 kV, 3-phase, 3-wire, 60 Hz.

5 1247 kV, 3-phase, 3-wire, 60 Hz.

2.2 Mounting Heights and Arrangement:

.1 Receptacles and Switches:

A

Do not install recessed receptacles back-to-back in walls; allow minimum 150 mm
horizontal clearance between boxes.

Coordinate the positions of material and equipment and receptacles and switches.
Equipment and receptacles and switches shall be easily accessible for use.

Position light switches on latch side of doors. Position disconnect devices within ready
reach and in accordance with the Canadian Electrical Code.

Where several pieces of equipment are mounted near each other, the equipment shall
be installed vertically and horizontally aligned.

Install electrical equipment at following heights above finished floor, ensuring that these
heights comply with the Canadian Electric Code and City Bylaws at the time of
construction:
.1 Local switches: 1400 mm.
.2 Wall receptacles:

.1 Office areas: 300 mm.

.2 Above top of continuous baseboard heater: 200 mm.

.3 Above top of counters or counter splash backs: 175 mm.

4 In mechanical and process areas: 1400 mm.

.5 In electrical rooms: 300 mm.
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.6 Outdoor: 1000 mm.
.7 In below grade valve chambers: 1800 mm.
.3 Panel boards: not less than 750 mm to bottom of tub.
4 Data and interphone outlets: same as for receptacles.
.5 Fire alarm stations: 1500 mm.
.6 Fire alarm bells: 2100 mm.
.7 Wall mounted telephones: 1500 mm.
.8  Wall mounted speakers: 2100 mm.
.9  Wall mounted clocks: 2100 mm.
23 Housekeeping:

.1 Protect electrical equipment from dust, water, and damage, and shall be wiped free of dust
and dirt on the outside, kept dry and to be vacuumed on the inside prior to energizing and
testing.

.2 Touch-up any scratches on equipment.

.1 Protect electrical equipment temporarily exposed to weather, debris, liquids, or damage
during construction.

.3 Equipment with anti-condensation heaters shall be stored indoors at normal room
temperature. If not, the anti-condensation heaters shall be energized within seventy-two (72)
hours of delivery and so maintained until commissioning.

24 Materials
.1 Equipment and materials shall be CSA or cUL certified. Where there is no alternative to
supplying equipment, which is not CSA or cUL certified, obtain special approval from the
provincial electrical inspection department.

.2 Use factory assembled control panels and component assemblies.

.3 Where specified in the individual product specification section, perform factory tests at the
place of fabrication on completion of manufacture or assembly.

2.5 Configuration, Components and Features
.1 Conductor Terminations:

.1 Lugs, terminals, and screws used for termination of conductors shall be suitable for
copper conductors.

.2 Use tin-plated lugs and terminals with nylon insulating materials.
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.3 Use pan-head terminal screws.

4 Provide terminals with integral marking strips, permanently identified with the
connecting wire numbers.

.5 Minimum ratings for terminal blocks:

.1 208 and 600 V power circuits: not less than current rating of conductor and not
less than 600 VAC.

.2 C-circuits (control and/or power 120 V or less) and analogue circuits: not less than
20 A and not less than 300 VAC.

.2 Equipment Base Templates:

.1 For all major electrical equipment, provide an equipment base template for location of
equipment anchor bolts to be embedded in concrete.

.2 Use shop finish steel templates to manufacturer’s standards for items to be embedded
in concrete.

.3 Provide access holes for the placement of grout or concrete, as applicable.
.3 Equipment Padlocking:
.1 Provide numbered padlocks and key sets for all electrical equipment including MCC
and distribution panels used to energize that equipment. All equipment switches shall

be padlocked in the OFF position until it is being tested and commissioned.

.2 Padlocks shall be numbered individually and supplied with two (2) keys each bearing
the matching number to the padlock.

.3 Normal safety lock-off procedures shall be followed in addition to the padlocking
provisions described here.

4 Equipment padlocks shall be removed following commissioning of equipment.
2.6 Finishes

.1 Manufacturer shall paint electrical equipment and materials field finish or touch-up in
accordance with manufacturer’s standard.

.2 Galvanized finishes shall comply with CAN/CSA G64.

.3 Items of fabricated metal which have not been painted as part of a mass production
procedure shall be treated as follows:

.1 Shop finish metal enclosure surfaces by application of rust-resistant primer inside and
outside, and at least two (2) coats of finish.

.2 Paint exterior electrical equipment with Grey #GP122 — ASA 61.
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Paint indoor switchgear and distribution enclosures light grey, to EEMAC 2Y-1, enamel.

Clean and touch-up surfaces of shop-painted equipment scratched or marred during
shipment or installation, to match original paint.

Field-clean and prime exposed non-galvanized hangers, racks and fastenings to
prevent rusting and finish with two coats of finish.

If acceptable to the City, apply Galvacon, or approved equivalent, touch-up paint to
damaged portions of galvanized surfaces and threads.

2.7 Identification

.1 Equipment Identification:

A

Provide nameplates in accordance with the WWD Electrical Design Guide.

.2 Conductor Identification:

A

Identify wiring with permanent indelible identifying markings, either numbered or
coloured plastic tapes, on both ends of phase conductors of feeders and branch circuit
wiring.

Maintain phase sequence and colour coding throughout.

Colour code per CSA C22.1-1986 and as listed below:

.1 Power wiring, phase A-B-C from left to right: red-black-blue.

.2 Power wiring, phase A-B-C from front to back: red-black-blue.

.3 120 VAC control power: black for hot, white for neutral.

4 DC control: red for positive, black for negative.

.5 Analogue signal: white for positive, black for negative.

.6 Intrinsically safe wiring: blue.

.7 240-volt wiring: black and red

Use colour coded conductors in communication cables, matched throughout system.
Use heat-shrinkable identification sleeves for conductor’'s size 10 AWG and smaller.
Machine-print the identifying letters and numbers, minimum 3 mm high, on sleeves with
permanent black ink. Use white tubing sleeves, sized to fit the conductor insulation

diameter.

Make printed characters permanent, either by an infrared or heat-shrink process,
depending on type of system used.
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Provide the required heat-shrink and printing equipment, complete with all required
software.

Where 'ring' or 'fork' type terminals are used, extend sleeve over crimp-on-base after
installation of terminal and heat-shrink in place.

.3 Electrical Diagrams:

A

3

4

Provide framed UV-proof plexiglass for single line electrical diagrams as follows:

.1 Electrical distribution system: install in main electrical room.

.2  Electrical power generation and distribution systems: install in power plant rooms.
.3 Switchgear or MCC: install next to equipment.

Provide fire alarm riser diagram, plan, and zoning of building under framed plexiglass at
fire alarm control panel and annunciator.

Drawings: 600 mm x 600 mm minimum size.

Plexiglass frame to be constructed such that drawings can be readily replaced.

.4 Coordination of Protective Devices

A

2

The circuit protective devices such as overcurrent trips, relays and fuses shall be
installed according power studies values and settings.

Protective relays shall be calibrated and tested in accordance with Section 16020;
settings as per results provided by power system studies

.5 Conduit and Cable Identification:

A

Conduit and cable jacket colour coding and cable markers per the WWD Electrical
Design Guide.

Where cables are outdoors, installed in hazardous or corrosive areas, identify wiring at
both ends with Panduit stainless steel metal embossed tags fastened with Pan-Steel
stainless steel ties, or approved equivalent.

Where cables are outdoors, within enclosures, non-hazardous, or non-corrosive areas,
identify wiring at both ends with permanent indelible printed cable tag fastened with
Tefzel wire ties. Machine print identify and numbers, minimum 3mm high, on cable tag.

When factory-wired equipment has terminal numbers, and conductor numbers different
than the conductor numbers shown on the control diagrams, show both numbers on the
interconnection diagram, and fasten a copy of the interconnection diagram to the inside
of the equipment cabinet.
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3. EXECUTION
31 General Requirements

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.

END OF SECTION
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1. GENERAL
1.1 Summary

A

2

This Section specifies the testing and commissioning for the electrical Work.

Carry out all tests necessary to ensure that the entire electrical installation and its
equipment, materials, and components are in a satisfactory physical condition electrically
and shall perform the intended functions and operations. Tests shall be conducted by an
independent testing agency with personnel having a minimum of five (5) years experience in
the type of equipment and testing required.

All employees of the testing firm shall be qualified per CSA Z462 requirements.

The testing firm shall have at least one person on site with the following qualifications to
provide technical supervision and/or guidance as required for the remainder of the testing
personnel:

.1 An employee certified by the International Electrical Testing Association (NETA).

.2 A Professional Engineer (P.Eng.) licensed in the province of Manitoba with specialized
training and experience in the testing and inspection of electrical power distribution
equipment.

.3 A member of the certified technicians and technologists association of Manitoba
(CTTAM) with specialized training and experience in the testing and inspection of
electrical power distribution equipment

All work shall be performed by employees of the testing firm by personnel who are qualified
to operate, test, and commission both high and low voltage electrical equipment.

The agency must have the necessary wiring, materials, equipment, tools, instruments,
measuring devices and all other tools necessary to carry out the work.

Testing firm name, proposed testing personnel qualifications, sample test forms and sample
test reports, will be provided a minimum of eight (8) weeks prior to the scheduled site testing.

.1 The qualifications of the proposed testing firm based on the information provided will be
reviewed.

.2 If, in the sole opinion of the City, the qualifications of the proposed testing firm and/or its
personnel are deemed unacceptable, then the design builder will be required to make
appropriate alterations to the testing team to the satisfaction of the City at no additional
cost.

Prior to the final demonstration and instructional seminars required, test and check all
portions of the electrical system for satisfactory operation. All tests to be done in the
presence of the City and/or his representative, suitably logged, tabulated, signed, and
incorporated in project documentation.

Correct all errors, omissions, and deficiencies, which are found by the tests without
additional cost.

.10 DC test voltages shall be used for hi-pot tests.
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1

12

13

Meggers shall not be used on instrument signal wiring, semi-conductor devices, pulse
generators, and similar equipment.

Pre-Testing, and verification to include, but not be limited to the following:

Tests

Performance checked by

Normal visual

Electrical trade

Mechanical inspections

Low voltage systems installers

Megger tests

Electrical trade

Load balance tests

Electrical trade

Motor current readings

Electrical trade with Division 11/13/15 trade

Distribution voltage checks

Electrical trade

Power factor
readings

and efficiency

Electrical trade

Witness testing

Design builder’s representative,
Electrical trade representative,

City representative

Grounding

Electrical trade

Low voltage systems

Low voltage systems and

electrical trade

installer, manufacturer,

Medium voltage systems

Medium voltage systems installer, manufacturer, and
electrical trade

Testing and commissioning requirements apply to all electrical equipment including but not

limited to:

.1 Equipment grounding.
.2 Control equipment.

.3 Motors.

4 Motor starters.

.5 Transformers.

.6 Medium (12.47kV and 4.16kV) voltage switchgear.

.7 Low Voltage (600V) switchgear and MCC.




RFP No. 659-2018B Section 16020

The City of Winnipeg Page 3 of 28
NEWPCC Upgrade: Headworks Facilities March 2020
ELECTRICAL TESTING

.8 UPS.
.9 Panels.

.10 Cable systems.
.11 VFD’s
.12 Power Factor Corrections Systems.
.13 Filters
.14 Relay protection
.15 Metering
1.2 Standards

.1 Complete testing in accordance with the latest edition of the following standards and
specifications:

.1 NETA, ATS, Acceptance Testing Specification for Electrical Power Distribution
Equipment and Systems

.2 NETA, MTS, Maintenance Testing Specification for Electrical Power Distribution
Equipment and Systems

.3 |EEE - Standard Collection C5
4 |EEE - Standards Collection C37
.5 CSA Z462 - Workplace Electrical Safety
1.3 Submittals
.1 Quality control plan and testing plan with requirements listed herein and requirements listed
by ANSI/ NETA ATS-2009 standard will be provided for review per Submittal requirements
for Division 16 in accordance with Sections 01300 and 16010.

.2 Submit a report with the completed tests and applicable testing forms.

.3 Submit details of all test procedures and instruments, together with technician’s names
responsible for carrying out the test.

4 Results of all tests shall be recorded and one set of test records, comprising a complete
checklist for each item tested, shall be furnished.

.5 Submit all applicable testing forms to reflect as-built conditions.
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2, PRODUCTS

21 Check Tags
.1 On commencement of each portion of the electrical/instrumentation testing, the "Electrical”
or "Instrumentation" checkout tag shall be attached to each piece of electrical and
instrumentation equipment and completed.
2.2 Performance Criteria

.1 Readiness for Testing and General Requirements

.1 Prior to energizing of any equipment and starting tests, verify that the following has
been completed:

.1 The entire assembly is clean inside and outside. The cables are not lying loosely
or hanging free.

.2 The equipment is adequately bonded and grounded with the ground wires installed
clear of bus work.

.3 The phasing of all bus work and of primary circuits is identified.
4 All equipment is correctly identified front and back.
.5 Each starter is identified with correct drive number and drive fitle.

.6 All cables leaving electrical equipment have proper cable connectors, and are
properly identified.

.7 All unused holes are properly plugged.

.8 All unused wall and floor openings are sealed water tight, and gas tight for
hazardous areas.

.9 Relay and metering sections of equipment enclosures are properly identified.

.10 Motors and connected units have been properly secured to the base, and aligned.
.11 Equipment nameplate data corresponds with characteristics of power supply.

.12 Emergency or stand-by lighting system is operational.

.13 The installation is in a safe condition, there are no unguarded live parts. Conduit
seals are in place if a hazardous condition could occur during the testing phase.

.14 All covers are in place and secure.
3. EXECUTION
31 General

.1 Coordination of Protective Devices
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.1 Provide an overall co-ordination study of the electrical distribution system certified by a
Professional Engineer.

.2 Overcurrent protective devices including overcurrent trips, relays and fuses are to be
set to values and settings as set out in the Final Design and verified by an independent
testing firm

.2 Conduit and Cable Testing:

.1 Control and Communication Cables:

A

2 Low

Record cable and installation data. Confirm information with drawings and
specifications. Update drawings as necessary.

Inspect and record physical and mechanical condition.
Inspect compression-applied connectors for correct cable match and identification.

Verify that visible cable bends meet or exceed the minimum allowable bending
radius.

Verify phasing.
Perform continuity and ground check before connecting equipment.
Perform Insulation Resistance test as described in this document:

.1 On each power and control conductor with respect to ground and adjacent
conductors.

.2 Test duration shall be 1 minute.

.3 Meggering shall be performed after pulling and before terminating.

4 All tests shall be recorded for pre-commissioning records

Voltage:

Perform inspection and tests on cables prior to installing sealing compound in the
conduit system. This applies to hazardous areas and to weatherproof penetration

sealant.

Record cable and installation data. Confirm information with drawings and
specifications. Update drawings as necessary.

Inspect and record physical and mechanical condition, including: grounding and
cable/conduit support.

For cable/wires 4/0 AWG or larger, inspect bolted electrical connections for high
resistance.

Inspect compression-applied connectors for correct cable match and indentation.

Verify that visible cable bends meet or exceed the minimum allowable bending
radius.
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10

A1

12

Confirm bolt torque levels are in accordance with the manufacturer’s
recommendation.

Verify phasing.

Perform continuity and ground check before connection to equipment.

Measure length of cable/conduit and record in meters. Record and adjust all cable
lengths included in the cable schedules. Base building cabling such as lighting, fire
alarm, public address, 15 A duplex receptacle circuit, etc. do not need to be
recorded. For accurate lengths, record cable lengths based on conductor distance
markings wherever possible.

If cable/wires are terminated through window-type current transformers, inspect to
verify that neutral and ground conductors are correctly placed, and the shields are
correctly terminated for operation of protective devices.

Perform Insulation Resistance test as described in this document:

.1 Individually test each conductor with all other conductors and shields
grounded.

.2 Test duration shall be one minute.
.3 Meggering shall be performed after pulling and before terminating.

4 All test shall be recorded for pre-commissioning records.

.3 Medium voltage:

A

Record cable and installation data. Confirm information with drawings and
specifications. Update drawings as necessary.

Inspect and record physical and mechanical condition, including:

.1 Grounding.

.2 Cable Support.

.3 Visual signs of overheating, etc.

Inspect bolted electrical connections for high resistance.

Inspect compression-applied connectors for correct cable match and indentation.

Verify that visible cable bends meet or exceed the minimum allowable bending
radius.

Confirm bolt torque levels are in accordance with the manufacturer’s
recommendation.

Verify phasing.

Perform continuity and ground check before connecting to equipment,
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10

1

12

Partial discharge testing.

If cables are terminated through window-type current transformers, inspect to
verify that neutral and ground conductors are correctly placed and that shields are
correctly terminated for operation of protective devices.

Perform Insulation Resistance test as described in this document:

.1 Utilize 2,500 V megohmmeter for conductors in accordance with NETA
Standards.

.2 Individually test each conductor with all other conductors and shields
grounded.

.3 The test duration shall be one minute.
4 Investigate resistances less than 15 Gig-ohms.

Perform a High Voltage Very Low Frequency (VLF) AC test on cables. Adhere to
all precautions and limits in the applicable NEMA / ICEA Standard for the specific
cable. Perform tests in accordance with IEEE Standard 400.2. Test procedure
shall be as follows, and the results for each cable test shall be recorded as
specified herein. The test voltage shall be sinusoidal. The test voltage shall be
sinusoidal with a frequency of 0.1 Hz and shall not exceed cable manufacturer's
test values or IEEE 400.2 values.

.1 If no evidence of distress or insulation failure is observed by the end of the
total time of voltage application during the over-potential test, the test
specimen is considered to have passed the test.

.2 Ensure that the input voltage to the test set is regulated.

.3 Current-sensing circuits in test equipment shall measure only the leakage
current associated with the cable under test and shall not include internal
leakage of the test equipment.

4 Record wet and dry-bulb temperatures or relative humidity and temperature.

.5 Test each section of cable individually.

.6 Individually test each conductor with all other conductors grounded. Ground
all shields.

.7 Terminations shall be adequately corona-suppressed by guard ring, field
reduction sphere, or other suitable methods as necessary.

.8 Ensure that the maximum test voltage does not exceed the limits for
terminators specified in IEEE Standard 48 or manufacturer’s specifications.

.9 Raise the conductor test voltage to the specified maximum test voltage and
hold for five minutes. Record leakage current.

.10 Apply grounds for a time period adequate to drain all insulation-stored
charges.

.13 Perform a Dissipation Factor (Tangent Delta) test on all cables.
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.1 Perform tests in accordance with IEEE Standard 400.2.
.2 The test voltage applied shall be a 0.1 Hz sinusoidal waveform.
.3 The dissipation factor shall be calculated for an applied voltage of 1 Uo RMS:
.1 Test5kV cable to 1 Uo (1 Uo is defined as 1 x line to ground operating
voltage, which is 2400V RMS for 5 kV cable, and 4.16 kV phase to

phase distributions).

.2 Test15kV cable to 1 Uo or 7,200 V RMS for 15 kV cable, and 12.47 kV
phase to phase distributions.

4 Provided that the dissipation factor does not rise significantly while raising the
voltage, the dissipation factor shall also be calculated for an applied voltage 2
Uo RMS:

.1 Test 5 kV cable to 2 Uo or 4800 V RMS for 5 kV cable, and 4.16 kV
phase to phase distributions.

.2 Test 15 kV cable to 2 Uo or 14,400 V RMS for 15 kV cable, and 12.47 kV
phase to phase distributions.

.14 In the event of a cable failure discovered during testing, replace the cable.
.3 Lighting:
.1 Emergency:

.1 Record the equipment nameplate data and locations. Confirm information with
design and update drawings as necessary. Inspect and record physical and
mechanical condition.

.2 Inspect installation, alignment, grounding and conductor connections and supports.

.3 Verify lamp alignment.

4 Verify each component is clean. Clean as required.

.5 Test battery.

.6 Confirm operation of all emergency lamps and exit signs during normal and
emergency operating conditions.

.7 Confirm design light levels are achieved.
.2 Normal:
.1 Record the equipment nameplate data and locations. Confirm information with
design and update drawings as necessary Inspect and record physical and
mechanical condition, including lens covers.

.2 Inspect installation, alignment, grounding and conductor connections and supports.

.3 Verify lamp alignment as required.
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4 Verify each component is clean. Clean as required.

.5 Confirm operation of all interior and exterior fixtures during normal and night-
lighting operating conditions.

.6 Confirm operation of all switching, motion-sensor operators and photocell
operators.

.7 Confirm design light levels are achieved.
4  Transformers:
.1 Control Power:

.1 Record the equipment nameplate data. Confirm information with design and
update drawings as necessary.

.2 Inspect and record physical and mechanical condition, including:

.1 Cracked insulation.
.2 Broken leads.
.3 Defective wiring.

.3 Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports. Torque all connections as per manufacturer’s and code
requirements.

4 Verify the unit is clean. Clean as required.

.5 Verify that primary and secondary fuse ratings or circuit breakers match available
drawings. Where drawings are not available, note fuses that appear to be sized
incorrectly, based upon application of the Canadian Electrical Code. Mark fuse
sizes and type on the drawings, where not shown.

.6 Perform Insulation Resistance tests as described in the document.

.1 Winding to winding.
.2 Each winding to ground.

.2 Liquid Filled:

.1 Compare and confirm equipment nameplate data with design and update the
drawings as necessary.

.2 Compare NGR nameplate data with drawings and specifications. Measure NGR
resistance.

.3 Inspect physical and mechanical condition.
4 Inspect anchorage, alignment, and grounding.

.5 Verify the unit is clean.
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.6 Verify ratings of surge arrestors.

10

1

12

A3

14

15

16

A7

18

19

.20

.21

22

.23

Verify that control and alarm settings on temperature indicators are as specified.

Inspect electrical connections for high resistance using a calibrated torque-wrench
in accordance with manufacturer's published data.

Verify proper connection of grounding resistor.

Check all physical clearances to ground are in accordance with manufacturer
requirements.

Verify all grounds, instrument wiring, and auxiliary wiring (e.g. power supply,
heaters, etc.) are secured and connected.

Insulation-resistance tests winding-to-winding and each winding-to-ground Turns-
ratio tests at all tap positions.

Measure the resistance of each winding at each tap connection.
Doble (insulation power factor) test.

Perform resistance measurements through bolted connections with a low-
resistance ohmmeter.

Apply voltage in accordance with manufacturer's published data. All other
connected windings shall be grounded. Calculate polarization index.

Perform insulation power-factor or dissipation-factor tests on all windings in
accordance with test equipment manufacturer's published data.

Perform power-factor or dissipation-factor tests on each bushing.

Perform excitation-current tests in accordance with the test equipment
manufacturer's published data.

Measure the resistance of each winding at the designated tap position.

Remove the core ground strap and measure the core insulation resistance at 500
VDC.

Sample the transformer inter gas blanket. Measure and record the percentage of
oxygen in the transformer inert gas blanket.

Remove a sample of insulating liquid in accordance with ASTM D 923. The sample
shall be tested for the following:

.1 Dielectric breakdown voltage: ASTM D 877 and/or ASTM D 1816.
.2 Acid neutralization number: ANSI/ASTM D 974.
.3 Specific gravity: ANSI/ASTM D 1298.

4 Interfacial tension: ANSI/ASTM D 971 or ANSI/ASTM D 2285.
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24

.25

.26

27

.28

.29

.30

.5 Color: ANSI/ASTM D 1500.

.6 Visual Condition: ASTM D 1524.

.7 Measure power factor or dissipation factor in accordance with ASTM D 924.
Remove a sample of insulating liquid in accordance with ASTM D 3613 and
perform dissolved-gas analysis (DGA) in accordance with ANSI/IEEE C57.104 or
ASTM D3612.

Inspect and clean bushings and insulators.

Check oil level and temperature indicators.

Check that transformer no-load tap switch is set correctly to achieve the required
secondary voltage.

Inspect for oil leaks and rusting.
Inspect oil level.

Check for grounding and neutral continuity between primary and secondary circuits
of transformer.

.3 Potential:

A

9

Record the equipment nameplate data and settings. Confirm information with
design and update drawings as necessary.

Inspect and record physical and mechanical condition.

Verify correct connection of transformers with system requirements.

Inspect installation, alignment, grounding, required area clearances between
primary and secondary circuit wiring and conductor connections and supports.
Torque all connections as per manufacturer’'s and code requirements.

Verify the unit is clean. Clean as required.

Verify correct primary and secondary fuse sizes for voltage transformers.

Inspect bolted electrical connections for high resistance.

Perform Insulation Resistance test as describe in this document:

.1 Winding to winding.

.2 Each winding to ground.

Perform a polarity test on each transformer.

.10 Perform a turns ratio test on all tap positions.

.4 Current Instrument:
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.1 Record the equipment nameplate data and settings. Confirm information with
design and update drawings as necessary.

.2 Inspect and record physical and mechanical condition.

.3 Verify correct connection of transformers with system requirements.

4 Inspect installation, alignment, grounding, required area clearances between
primary and secondary circuit wiring and conductor connections and supports.
Torque all connections as per manufacturer’s and code requirements.

.5 Verify the unit is clean. Clean as required.

.6 Verify CT ratio and note ratios of multi-winding CTs.

.7 Inspect bolted electrical connections for high resistance.

.8 Perform flick test on all windings (turns) to verify polarity.

.9 Measure and record Burden for all CT’s.

.10 Perform Insulation Resistance test as described in this document.

.11 Perform a polarity test on each transformer.

.12 CT testing shall be complete prior to injection testing required for protective relays.

.5 Medium voltage switchgear and circuit breakers:

A

2

Check levelling of equipment.

Verify condition of paint and finish, touch-up as required.

Check proper bolted or welded connections to the floor, wall and steel supports.
Visually inspect completeness of equipment devices as per manufacturer's drawings.
Verify removal of packing braces and shipping supports.

Check connections to the ground grid.

Check cleanliness of the enclosure; clean all equipment by vacuum machine.

Check the tightness of field made connections and terminations of the bus bars and
feeders and tighten by torqueing as per manufacturer's recommendations.

All bolted electrical bus connections shall be tested for high resistance using both a
calibrated torque wrench and the manufacturers recommended data and a low
resistance ohmmeter.

.10 Compare equipment nameplate data with drawings and specifications.

A1

Inspect physical and mechanical condition.

.12 Inspect anchorage and alignment.
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.13 Inspect installation alignment and connections of complete arc-chutes and vents.

14

15

16

A7

.18

19

.20

.21

22

.23

.24

.25

Perform point-to-point checks of control wiring.
Operate the circuit breaker to ensure smooth operation.

Perform insulation-resistance tests on each bus section, phase-to-phase and phase-to-
ground, for one minute in accordance with Table 100.1 in NETA ATS-(latest edition).

Perform insulation-resistance tests on each breaker pole, phase-to-phase and phase-
to-ground with the circuit breaker closed and across each open pole for one minute.
Test voltage shall be in accordance with manufacturer's published data.

Perform insulation-resistance tests on each disconnect pole, phase-to-phase and
phase-to-ground with the disconnect switch closed and across each open pole for one
minute. Test voltage shall be in accordance with manufacturer's published data.

Perform a dielectric withstand voltage test on each bus section, each phase-to-ground
with phases not under test grounded, in accordance with manufacturer’'s published
data. If manufacturer has no recommendation for this test, it shall be in accordance with
Table 100.2 in NETA ATS-(latest edition).

The test voltage shall be applied for one minute.

Perform a dielectric withstand test on each breaker pole, phase-to-phase and phase-to-
ground with the circuit breaker closed and across each open pole for one minute. Test
voltage shall be in accordance with manufacturer's published data.

Verify correct operation of any auxiliary features such as trip and pickup indicators,
electrical close and trip operation, trip-free, and anti-pump function.

Test and commission the switchgear and associated interlocks and transfer switch.

Test all physical operations of the switchgear including all racking and testing of any
maintenance positions.

Verify phasing.

.6 Battery Systems:

A

Record the equipment nameplate data and settings. Confirm information with design
and update drawings as necessary.

Inspect and record physical and mechanical condition,

Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports. Torque all connections as per manufacturer's and code
requirements.

Verify the unit is clean. Clean as required.

Measure:

.1 Bank charging voltage.
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.2 Individual cell voltage.

3

Measured test values to be in accordance with manufacturer’s published data.

.6 Verify during Recharge Mode:

A

2

Charging rates from charger.

Individual cell acceptance of charge.

.7 Load tests for integrity and capacity,.

.7  Circuit Breakers (all voltages):

1 Air:

A

10

A1

A2

Record the equipment nameplate data and settings. Confirm information with
design and update drawings as necessary.

Inspect and record physical and mechanical condition, including:
.1 Proper cell fit and element alignment; and
.2 Proper operation of cubicle shutters and racking mechanism.

Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports.

Bolt torque level in accordance with manufacturer's recommendations and NETA
ATS-2017. Where conical washers (Belleville or other) are used, coordinate with
the applicable design engineer prior to tightening or applying pressure to
connections.

Verify the unit is clean. Clean as required.

Proper contact condition.

Perform mechanical operator and contact alignment tests on breaker and its
operating mechanism in accordance with manufacturer’s instructions.

Verify that primary and secondary contact wipe, gap setting, and other dimensions
vital to breaker operations are correct.

Ensure that maintenance devices are available for servicing and operating
breaker.

Check for adequate lubrication on contact, moving, and sliding parts.

Check condition of brushes and limit switches on charging and lifting motors.
With Breaker in TEST Position:

.1 Trip and close breaker with control switch; and

.2 Trip breaker by manually operating each protective relay.
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.13 Perform breaker travel and velocity analysis in accordance with manufacturer's

14

15

16

A7

instructions; values shall be in accordance with manufacturer’s acceptable limits.
Perform Insulation Resistance tests as described in this document:

.1 Pole-to-pole and pole-to-ground with breaker contacts opened for one (1)
minute.

.2 Pole-to-pole and pole-to-ground with breaker contacts closed for one (1)
minute.

.3 Test values to comply with NETA ATS-(latest edition).
Contact Resistance Tests:
.1 Contact resistance in microohms across each pole.

.2 Correct deviation of 50 percent or more from adjacent poles and similar
breakers.

Dielectric Withstand Tests:

.1 Maximum applied voltage for equipment in accordance with NETA ATS-(latest
edition);

.2 Each pole-to-ground with other poles grounded and contacts closed.
.3 Test results evaluated on pass/fail basis.

Minimum pickup voltage tests on trip and close coils.

.2 Molded Case:

A

Record the equipment nameplate data and settings. Confirm information with
design and update drawings as necessary.

Inspect and record physical and mechanical condition.

Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports. Torque all connections as per manufacturer’s and code
requirements.

Verify the unit is clean. Clean as required.

Operate the circuit breaker to insure smooth operation.

Test all breakers utilizing the ‘Push-to-Trip’ button, if equipped.

Move operating handle to the off and on positions.

Inspect electrical connections for cables 4/0 and larger for high resistance.

Perform an Insulation Resistance test for breakers with a frame size greater or
equal to 250A, or as specified elsewhere in the specification.
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.10 Perform a contact/pole-resistance test.
.3 Vacuum:

.1 Record the equipment nameplate data and settings. Confirm information with
design and update drawings as necessary.

.2 Inspect and record physical and mechanical condition, including:
.1 Proper cell fit and element alignment.
.2 Proper operation of cubicle shutters and racking mechanism.
.3 Pull rod adjustment.
4 Trip latch clearance.
.5 Overtravel stops.
.6 Wipe and gap setting.

.3 Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports.

4 Bolt torque level in accordance with manufacturer's recommendations and NETA
ATS (Latest edition). Where conical washers (Belleville or other) are used,
coordinate with the applicable design engineer prior to tightening or applying
pressure to connections.

.5 Verify the unit is clean. Clean as required.

.6 Perform breaker travel and velocity analysis in accordance with manufacturer’'s
instructions; values shall be in accordance with manufacturer’s acceptable limits.

.7 Check contact erosion indicators in accordance with manufacturer’s instructions.
.8  With Breaker in TEST Position:

.1 Trip and close breaker with control switch.

.2 Trip breaker by manually operating each protective relay.

.9 Perform breaker travel and velocity analysis in accordance with manufacturer’s
instructions; values shall be in accordance with manufacturer’s acceptable limits.

.10 Perform Insulation Resistance tests as described in this document:

.1 Pole-to-pole and pole-to-ground with breaker contacts opened for one (1)
minute.

.2  Pole-to-pole and pole-to-ground with breaker contacts closed for one (1)
minute.

.3 Test values to comply with NETA ATS (latest edition) Table 100.1.
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.11 Contact Resistance Tests:

.1 Between the line and load stab of closed contact resistance in microohms
across each pole.

.2 Correct deviation of 50 percent or more from adjacent poles and similar
breakers.

.12 Dielectric Withstand Tests:

.1 Maximum applied voltage for equipment in accordance with NETA ATS-
(latest edition).

.2 Each pole-to-ground with other poles grounded and contacts closed.
.3 Test results evaluated on pass/fail basis.

.13 Minimum pickup voltage tests on trip and close coils.

.8 Load Break Switches and Disconnects (all voltages):

A

2

10

1

A2

A3

Check levelling of equipment.

Verify condition of paint and finish, touch-up as required.

Visually inspect completeness of equipment devices as per manufacturer's drawings.
Verify removal of packing braces, shipping supports.

Check connections to the ground grid.

Check the tightness of field-made connections and terminations of the bus bars and
feeders and tighten by torqueing as per manufacturer's recommendations.

Compare equipment nameplate data with drawings and specifications.

Inspect physical and mechanical condition.

Inspect anchorage and alignment.

Perform insulation-resistance tests on each pole, phase-to-phase and phase-to-ground
with the disconnect closed and across each open pole for one minute. Test voltage
shall be in accordance with manufacturer's published data.

Perform a dielectric withstand test on each breaker pole, phase-to-phase and phase-to-
ground with the disconnect closed and across each open pole for one minute. Test

voltage shall be in accordance with manufacturer's published data.

Verify correct operation of any auxiliary features such as trip and pickup indicators,
electrical close and trip operation, trip-free, and anti-pump function.

Verify phasing.

.9 Automatic Transfer Switch:
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9

10

1

12

A3

14

15

16

Record the equipment nameplate data and settings. Confirm information with drawings
and specifications. Update drawings as necessary.

Inspect and record physical and mechanical condition.

Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports. Torque all connections as per manufacturer's and code
requirements.

Verify the unit is clean. Clean as required.

Inspect electrical connections for high resistance.

Check doors and panels for proper interlocking.

Visually inspect and exercise transfer switch.

Check positive mechanical and electrical interlock between normal and alternate
sources.

Check for proper operation of manual transfer function switch.

Verify settings and operation of control devices.

Perform Insulation Resistance tests as described in this document:

.1 Test voltage shall be in accordance with manufacturer’s published data.

.2 Pole-to-pole and pole-to-ground with switch closed in both source positions for 1
minute.

.3 Test values to comply with manufacturer’'s published data or NETA ATS-(latest
edition) Table 100.1.

Contact Resistance Tests:

.1 Contact resistance in microohms across each contact for both source positions.
.2 Investigate values exceeding 100 microohms.

.3 Correct deviation of 50 percent or more from adjacent poles and similar switches.
Set and Calibrate in accordance with manufacturer’s specifications.

Perform Automatic Transfer Tests by:

.1 Simulating loss of normal power.

.2 Return to normal power.

.3 Simulating loss of alternate power.

Simulating single-phase conditions for normal and alternate sources.

Monitor and Verify Operation and Timing of:
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.1 Normal and alternate voltage sensing relays.
.2 Timing delay upon transfer and retransfer.
.3 Interlocks and limit switch functions.

.17 If power and/or control fuses are present, record fuse size and type. Measure the
resistance of each fuse. Investigate inconsistent resistance values.

.10 Protective Relays:

.1 Record the equipment nameplate data and settings.

.2 Verify equipment and CT phasing and polarity is in accordance with design.

.3 Verify protective relay settings are according to setting sheets.

4  Verify protective relay logic and I/O mapping are programmed according to design.

.5 Inspect and record physical and mechanical condition.

.6 Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports. Torque all connections as per manufacturer's and code
requirements.

.7 Verify the unit is clean. Clean as required.

.8  Perform point-to-point checks of CT wiring from switchgears to protective relaying.

.9 Perform point-to-point checks of control wiring between protective relaying, auxiliary
relays, switchgear, control panels and PLC.

.10 Verify functionality of trip, transfer and breaker fail functions.

.11 Perform primary current injection tests on all current transformers to verify operation of
protective relaying.

.11 Metering:
.1 Current and potential injection to verify correct scales and accuracies.
.2 Perform tests and results on testing forms.
.12 Power supply and distribution circuits:
.1 Phasing of all primary circuits prior to energizing.
.13 CT circuits:
.1 Circuit continuity.
.2 Circuit insulation (with grounds lifted).

.14 PT circuits:
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A

Circuit insulation (with grounds lifted).

.15 Surge Arrestors:

A

Record the equipment nameplate data and settings. Confirm information with design
and update drawings as necessary.

Inspect and record physical and mechanical condition.

Inspect installation, alignment, required area clearances and conductor connections
and supports. Torque all connections as per manufacturer’s and code requirements.

Verify that the ground lead on each device is individually attached to a ground bus or
ground electrode.

Verify the unit is clean. Clean as required.

Inspect bolted electrical connections for high resistance.

Verify that arrestors are electrically connected in their specified configuration.

Verify that stroke counter, if present, is correctly mounted and electrically connected.
Perform Insulation Resistance tests as described in this document:

.1 From each phase terminal to the case.

.10 Test the grounding connection. Resistance between the arrestor ground terminal and

the ground system should be less than 0.5 ohms.

.16 Motor Starter Circuits:

A

Record the equipment nameplate data, adjustable settings, size of overload, etc.
Confirm information with design and update drawings as necessary.

Inspect and record physical and mechanical condition.

Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports. Torque all connections as per manufacturer's and code
requirements.

Verify the unit is clean. Clean as required.

Inspect contactors for evidence of overheating or stress.

Visually inspect and exercise circuit breaker.

If power fuses are present record fuse size and type. Measure the resistance of each
fuse. Investigate inconsistent resistance values.

Perform Insulation Resistance test.

Perform Contact/Pole resistance test.

.17 Harmonics:
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Connect to existing CTs and PTs if provided. If not provided, supply appropriate CTs
and PTs as required.

Test duration at each location is to be one hour.

Coordinate with Operations Personnel to ensure the loads run during the test are
representative of normal and maximum plant operation.

Monitor the following for all three phases:
.1 Voltage, current and power factor.
.2 Harmonic voltage for 1st (base) through 15th harmonics.

.3 Harmonic current for 1st (base) through 15th harmonics, expressed in percent of
current.

4 Total harmonic distortion (THD).
Record sample at one (1) minute intervals.
Provide MS Excel files of the test results.

Provide a summary Page in the report indicating the THD and maximum, average and
minimum for each voltage and current harmonic.

.18 Low voltage switchgear and circuit breakers:

A

2

10

1

A2

A3

Check levelling of equipment.

Verify condition of paint and finish, touch-up as required.

Check proper bolted or welded connections to the floor, wall and steel supports.
Visually inspect completeness of equipment devices as per manufacturer's drawings.
Verify removal of packing braces and shipping supports.

Check connections to the ground grid.

Check cleanliness of the enclosure; clean all equipment by vacuum machine.

Check the tightness of field made connections and terminations of the bus bars and
feeders and tighten by torqueing as per manufacturer's recommendations.

Compare equipment nameplate data with drawings and specifications.
Inspect physical and mechanical condition.

Inspect anchorage and alignment.

Perform point-to-point checks of control wiring.

Operate the circuit breaker to ensure smooth operation.
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14

15

16

A7

18

19

.20

21

Perform insulation-resistance tests on each breaker pole, phase-to-phase and phase-
to-ground with the circuit breaker closed and across each open pole for one minute.
Test voltage shall be in accordance with manufacturer's published data.

Perform insulation-resistance tests on each disconnect pole, phase-to-phase and
phase-to-ground with the disconnect switch closed and across each open pole for one
minute. Test voltage shall be in accordance with manufacturer's published data.
Perform a dielectric withstand test on each breaker pole, phase-to-phase and phase-to-
ground with the circuit breaker closed and across each open pole for one minute. Test
voltage shall be in accordance with manufacturer's published data.

Verify correct operation of any auxiliary features such as trip and pickup indicators,
electrical close and trip operation, trip-free, and anti-pump function.

Test and commission the switchgear and associated interlocks.
Use switchgear testing and programming device to ensure its functionality.

Test all physical operations of the switchgear including all racking and testing of any
maintenance positions.

Verify phasing.

.19 Panel boards:

A

10

Record the equipment nameplate data. Record breaker data on Test and Inspection
Form. Confirm information with design and update drawings as necessary.

Inspect and record physical and mechanical condition.

Inspect installation, alignment, grounding, required area clearances and conductor
connections and supports. Torque all connections as per manufacturer's and code
requirements.

Verify the unit is clean, free of all dirt filings and other debris. Clean as required;

Verify that circuit breaker sizes and types correspond to drawings. Test according to
Molded Case Circuit Breakers.

Confirm correct operation and sequencing of mechanical interlock systems.
Inspect insulators for evidence of physical damage or contaminated surfaces.
Exercise all active components.

Verify proper phasing.

Perform Insulation Resistance Tests on each bus phase with all other phases
grounded:

.1 The main breaker, if present, is to be open for the test.

.2 If no main breaker is present, disconnect the supply conductors.
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.3 Open all load breakers.

.20 Variable Frequency Drives (VFD):

A

2

Complete factory data in testing forms.

Conduct tests and record information listed in testing forms and provide certification

from the VFD manufacturer that the VFD equipment has been properly installed and

tested.

.1 Verify continuity of wiring.

.2 Verify correctness of operation of all controls, interlocks.

.3 Adjust all set points, minimum frequency, maximum frequency, acceleration time,
deceleration time, output current, constant speed, for each VFD based on the
process requirements.

4 Confirm that moving and working parts are lubricated.

.5 Functional testing of each VFD system to applicable CSA and IEEE standards,
with the motor connected.

Operate the AC drive and motor (not coupled) in manual mode. Confirm satisfactory
operation in accordance with the manufacturer's instructions.

Operate the AC drive and motor (coupled) in automatic mode. Confirm satisfactory
operation and control

Confirm installation conforms to the requirements of the testing forms.
Check for proper phase rotation.

Check for correctness and continuity of all external control wiring, vendor package
equipment connections, field connections and motor heater connections.

Check for continuity of RTD circuits inside motor by measuring at the motor terminal
box the resistance of each RTD. Resistance should be approximately 100 ohms.

.21 AC Motors:

A

2

Record and conduct tests listed in the testing forms.

Check for proper lubrication.

Check for direction of rotation, verify correct rotation.

Check for vibration and excessive noise.

Measure the insulation resistance of all motors before they are connected. Motors
37 kW and larger shall have their insulation resistance measured at the time of delivery

and when they are connected. Insulation resistances less than 10 megohms shall not
be permitted.
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.6 With the incoming feeder cable disconnected, with all feeder switches and motor

starters racked in, or connected, with all feeder switches and motor starter contactors
open and with ground detector and voltmeter fuses removed, Megger between phases
and each phase to ground. Megger readings to be 10 megohms or higher.

With the load end of each cable connected to the motor and with the contactor or switch
open, Megger the outgoing feeder cables and motor windings to ground by connecting
the Megger to the load side terminals. Test/record one phase on motor starters, all
three phases on fused switch feeder units. Megger readings to be 5 megohms or
higher.

.22 Grounding System:

A

Conduct tests and record information listed testing forms and:

.1 Inspect thoroughly to ensure that ground connections are clean and properly
secured to equipment and building steel.

.2 Inspect ground conductors to ensure that they have not been damaged due to
construction work.

.3 Inspect physical and mechanical condition.

4 Inspect bolted electrical condition for high resistance.

.5 Perform resistance tests between the main grounding electrode and grounded
points in the electrical system, including, but not limited to switchgear,

transformers, and MCCs. Investigate connections with a resistance greater than
0.5 milliohms.

.23 Insulation Resistance Measurements:

A

2

Use a megger with 20,000 M-ohm resolution for megger tests.

Output voltages on DC megger units to be 250 V, 500 V, 1000 V, 2500 V or other as
required.

Record ambient temperature and adjust the measured M-ohms to 20 degrees C
ambient.

Test voltages:

.1 Equipment rated 5 kV to 15 kV, utilize a test voltage of 2500 VDC.

.2 Equipment rated 600 - 1000V, utilize a test voltage of 1000 VDC.

.3 Equipment rated < 600V, utilize a test voltage of 500 VDC.

For 10-minute megger tests, record M-ohm values in M-ohm at 30 seconds, 60
seconds, 5 minutes and 10 minutes. Plot M-ohm against time for each connection,
calculate and record the ratio of measured M-ohm as follows:

.1 60 sec M-ohm/30 sec M-ohm = dielectric absorption.

.2 10 min M-ohm/1 min M-ohm = polarization index.
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.3 Report the 1 minute M-ohm as the insulation resistance value.

.6 Submit tabulated measured M-ohm figures for 10-minute insulation tests, submit a
graph.

.7 Apply megohmmeter DC voltage in accordance with the equipment manufacturer’s
recommendations or NETA ATS-(latest edition) Table 100.1.

.24 Calibration and Verification:
.1 Description:
.1 Calibrate and verify the following equipment:
.1 Primary switchgear.
.2 Medium voltage distribution.
.3 600V switchgears,, MCCs, and panel boards.

.2 The calibration and verification to be carried out in the field after installation and
connection of equipment, but prior to energizing.

.2 Calibration and Verification:
.1 The calibration and verification to be carried out in the following stages:
.1 Primary switchgear.
.2 Power distribution transformers.
.3 Secondary switchgear.
4 MCCs.
.5 Power factor correction equipment.
.6 VFDs.
.2 Verify:
.1 That all equipment is installed, connected and cleaned inside and out.
.2 That the specified tests have been carried out.
.3 The electrical rooms are cleaned and are adequately illuminated and heated.
.3 Provide:
.1 120V power for test purposes.
.2 A qualified professional to assist in the calibration and verification.

.3 All other facilities, equipment and personnel as reasonably required to assist
in the calibration and verification.
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4 For each circuit breaker, calibrate all protective relays and overcurrent device time
and instantaneous ftrips in accordance with requirements of the protected
equipment and overall coordination scheme. Field set each relay according to the
recommended settings.

.5 Verify all transformer ratios, insulation resistance values, fuse sizes, current
transformer (CT) and potential transformer (PT) ratios and certify that the
installation is in accordance with the requirements of the manufacturer and the
power study model.

.6 Carry out the tests required for calibration and verification as specified in the
related sections.

.7 All bus and cable connections shall be tightened to manufacturer's specifications.
.8 Clean all relays with dry, dust-free compressed air.
3.2 Equipment Checkout
.1 Pre-Installation

.1 Perform all Factory Acceptance Testing as indicated in the Design and Construction
Specifications.

.2 Submit copies of all shop and factory tests data and interpreted results.

.3 Conduct additional pre-installation testing as recommended by the equipment
manufacturer.

.2 Pre-Energizing

.1 Coordinate, demonstrate, complete and verify satisfaction of the pre-operational
checkout requirements in Design Builder’s Design.

.2 Conduct pre-operational testing as recommended by the equipment supplier and
manufacturer.

.3 Perform the following additional pre-operational checks and tests:
.1 Inspect all installed equipment prior to energization
.2 Inspect all equipment for damaged parts

.3 Complete installation of the equipment in accordance with manufacturer's
requirements.

4 Verify all settings, adjustments of the system are correct
.5 Verify all control devices are correctly installed

.6 Verify all materials, tools, instruments, and other components required for testing
are readily available.

.7 Verify all equipment certifications and factory test reports have been gathered.
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.4 Pre-functional checkout

.1 Prior to Functional Testing, adjust and make operational all protective devices.
Prior to energizing equipment, perform all Equipment Checkout activities of the
control circuit consisting of energizing each control circuit and operating each
control, alarm or malfunction device and each interlock in turn to verify that the
specified action occurs. Submit a description of the proposed test procedures prior
to the performance of all Equipment Checkout activities.

.2 Verify that motors are connected to rotate in the correct direction by momentarily
energizing the motor. Verify that both the motor and the driven equipment will not
be damaged by reverse operation. Co-ordinate motor rotation check prior to
Equipment Checkout Completion.

.3 Checkout Tags

.1 Upon receipt of equipment, attach a “Check-Out Tag” to each piece of equipment
that has a designated Tag or equipment number assigned.

.2 On completion of each phase of the installation, enter the appropriate information
on the tag, including the test results or make cross-reference to appropriate test
forms.

.3 Provide electrical checkout tags and instrument checkout per City standard.

3.3 Functional Testing

.1 Prior to Functional Testing, all electrical checkout testing, adjustment and calibration
requirements shall be complete and all appropriate data shall be completed.

.2 During functional testing, confirm that all electrical checkout testing data forms are re-verified
with equipment under normal operating conditions (equipment is not running).

.3 Perform the Functional Testing activities as defined below:
.1 Update and verify the Power Study Model of the Facility with normal process loads.
Re-verify and update all overcurrent device settings based on the latest Power Study

Model.

.2 Program, verify and test all sequences of operations of the load-shedding system by the
PCS.

.3 Program, verify and test all modes of operation of the Power Distribution (PFC 80),.

4 Program, verify and test the load transfer equipment switching between sources (utility
to generator) in all sequences of operation including black plant, cold generator
start-up, ride through, maintenance conditions with open and closed transitioning.

.5 Provide the arc flash study and provide all equipment labelling requirements.

4 Power Factor Testing (equipment is not running):

.1 Record power factor readings at fifteen (15) minute intervals for full twenty-four
(24) hour period during normal operation of the facility.

.2 Take reading at following locations on distribution system:
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.1 Main Service.
.2 Area Switchgears.
.3 MCGCs.

3.4 Operational Testing

.1 Prior to Operational Testing, ensure that all electrical testing, adjustment and calibration
requirements for Functional Testing are complete.

.2 Perform the operational testing activities as defined below:
.1 Re-verify all normal operating power loads and overcurrent device settings are correct.

.2 Provide adjustments to any circuit breakers and relay trip units if required during
operational testing phase.

.3 Re-verify and complete the Power Study Model for the electrical system based on
normal operating conditions.

END OF SECTION
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1. GENERAL
1.1 Summary

1.2

1.3

14

2.1

A

Provide the Facility ground system in accordance with Appendix 18K — Studies and Models,
the requirements of all related sections in the latest Manitoba Electrical Protection Act, and
the local Electrical Inspection Branch.

.2 The system to consist of cables, ground rods, supports, ground plates, ground-enhancing
material, and all other necessary materials and inter-connections to provide a complete
system. Measured resistance to ground of the network shall not exceed 5 ohms.

.3 Ground/bond switchgear, panel boards, transformers, UPS, AC generators, and other
equipment to the Facility ground system. Ground/bond all cable tray systems to the Facility
ground system.

4 Establish a continuous ground plane of all metallic components to a common point on each
skid package (or identify the equipment i.e. VFD) to facilitate bonding to ground.

Standards

.1 CSA C22.2 No. 41-M1987 (R1993), Grounding and Bonding Equipment

.2 |EEE 80 - Guide for safety in AC Substation Grounding.

.3 |EEE Standard 3003.2 — Recommended Practice for Equipment Grounding and Bonding in
Industrial and Commercial Power Systems.

4 |EEE Red Book (141-1993) — Recommended Practice for Electric Power Distribution for
Industrial Plants.

.5 Canadian Electrical Code (CEC) as adopted by the Province of Manitoba.

Submittals

A

Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

Closeout Submittals

A

Operating and Maintenance Data: Provide with the related item of process equipment for
incorporation in operation and maintenance manual

PRODUCTS

Manufacturers and Products

A

Acceptable Manufacturers:
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.1 Burndy.
.2 Erico.
.3 Thomas & Betts (Eaton).
4 Or approved equivalent.
2.2 Configuration, Components and Features

.1 Ground Electrodes:

A

Ground rod electrodes: copper clad steel, 19 mm dia. by 3 m long.
Ground plate electrode: copper surface area minimum 0.2 m?, 1.5 mm thick.
Provide polymer ground inspection well with each electrode;

Make grounding connections to ground grid, ground plates and the plant wide
grounding system.

Install ground connection to the structure foundation (ufer ground) and connect to rebar
in two perpendicular locations. Install ufer grounding in at least two locations of the
building (minimum 20 m of #2/0 Cu wire) in the bottom 50 mm of the structure (slab or
foundation footing).

Install ground rod at each set of manholes (instrumentation and power) for U/G duct
systems. Make grounding connections to pull box covers and cable racks and the plant
wide grounding system.

Make special provision for installing electrodes that will give recommended resistance
to ground value, where rock terrain prevails (less than 5 ohms).

Acceptable Products:

.1 Slacan cat. #22109, for non-vehiclular locations.

.2 Dobney MR-8-12 and MR-8L for vehicular locations, or
.3 A.E. Concrete cat. #3-RT, for vehicular locations,

4 Or approved equivalent.

.2 Ground Conductor:

A

Stranded, soft annealed copper wire, size 4/0 AWG shall be bare wire for electrode
interconnections, underground site ground wire, and PVC-insulated coloured green for
transformers, MCCs, cable tray, metal structures, and switchgear.

PVC insulated coloured green, CSA FT4 rated for indoors, CSA FT1 rated for outdoors,
stranded untinned soft annealed copper conductor for grounding motor frames where
specified. Size of ground conductor shall be as specified.
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.3 Conductors: 4/0 AWG and 2/0 AWG extra flexible (425 strands) copper conductor for

connection of fence gates and building doors.

4 PVC insulated coloured green, stranded untinned soft annealed copper wire 10 AWG
for grounding meter and relay cases.

.5 Ground conductor shall be bare where installed inside equipment enclosures.

.6 Where installed outside of enclosures, ground conductors shall be 600 V rating,
PVC-insulated coloured green, for corrosion protection. Ground cable insulation to be
RW-90 type with CSA class FT4 flame test rating.

.7 For Skid mounted equipment, all ground conductors to be stranded copper TWH
complete with a green jacket unless otherwise required by the Final Design.

.8 CAD welded connections.

.3 Ground Connections:

A

Provide Burndy Hyground (or approved equivalent) compression connections,
conductor to conductor, conductor to rods.

Bolted removabile test links to permit isolation from electrodes and grounding bus.
Use approved mechanical connector, conductor to rebar and conductor to equipment.

Non-corroding accessories necessary for complete grounding system, type, size
material including:

.1 Grounding and bonding bushings.

.2 Protective type clamps.

.3 Bolted type conductor connectors.

4 Compression type conductor connectors.

.5 Bonding jumpers, straps.

.6 Pressure wire connectors.

Grounding connection to building structure, metal columns or beams, compressed to
metal; BURNDY TMHG or YGIBW (or approved equivalent), sized to the metal

structure available.

Grounding connection to building structure, metal columns or beams welded to metal
structure; BURNDY GSTUD-HY or approved equivalent.

.4 Ground Conductor — Conduits and Ducts:

A

Provide appropriately sized stranded copper ground conductor in all conduits and ducts
except primary service ducts, and telephone service duct.
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.5 Ground Bus

A

Provide ground bus, copper, size as indicated in the Final Design, complete with
insulated supports, fastenings and connectors.

Wall mounted main ground bus bars on insulated stand-offs for grounding lighting and
control distribution transformers, miscellaneous and future electrical equipment in
Electrical Room.

Wall mounted telecommunications main ground bus bars on insulated stand-offs for
grounding telephone board, communications equipment cabinets and racks,
marshalling panels and main control panel, miscellaneous and future installed
equipment in control room.

Provide a solid copper ground bus, complete with insulated supports, fastenings and
connectors on each skid package (or identify the equipment i.e. VFD) to ground all skid
mounted equipment (or identify the equipment i.e. VFD).

Install dedicated ground system for instrumentation and isolate from the plant wide
grounding system and building metal. Make grounding connections to wall mounted
ground bus bars on insulated stand-offs with a #6 green Cu cable.

Provide dedicated ground bus for Facility automation system. Provide a dedicated
ground bar placard labelled with “FOR PLANT CONTROLS ONLY”.

.1 Located ground bar for automation system by automation system equipment.

.2 Dedicated ground bar will have a direct electrical connection the Facility ground
grid and will not share connection bond with electrical equipment.

.3 Copper equipment ground bars Acceptable Product:
A Erico Eritech EGBA sized.
.2 Or approved equivalent.

4 Equipment ground plates to be two-hole copper flush mounted ground plate.
Acceptable Product:

.1 Erico Cadweld YGF series.

.2  Or approved equivalent.

.6 Air Terminals

w

Copper solid rod with blunt tip.
28 strand, 0.0865” strands, copper conductor.
Fastenings and attachment straps: copper.

Electrodes: same as grounding system.
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.5  Connections: bronze copper connections formed by CAD weld process or compression
connectors to ANSI/IEEE 837 with provision for inspection at polymer ground inspection
well.

2.3 Identification
.1 Provide cable tags to all above grade ground cabling.
3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the Technical Requirements.

.3 Provide all ground connections to AC grounding systems including, conductors, connectors,
and accessories in accordance with references noted above and requirements of the
Governing Authority.

4 Protect exposed grounding conductors from mechanical injury and corrosion.

.5 Make buried connections using cad weld, and connections to electrodes and structural steel
work using copper compression or permanent mechanical connectors to ANSI/ IEEE
837.Connections to electrodes, fencing and structural steel work using compression type
connectors.

.6 Use mechanical connectors for grounding connections to equipment provided with lugs.
Cadweld connections shall not be permitted.

.7 Use 4/0 AWG bare copper cable main ground grid and for taps on risers from main ground
grid to building structure and equipment..

.8 Use tinned copper connectors for aluminum structures.

.9 The ground systems shall consist of #4/0 copper conductor loops surrounding the buildings,
ground rods, connections to the building rebar and steel.

.10 Install a 4/0 AWG copper conductor with underground duct bank.

.11 Install cable tags on ground conductors, except for ground conductors in cable trays. Ground
conductors exiting cable trays will require cable tags.

.12 Metallic conduit systems shall be bonded to ground.
3.2 Connections
.1 Use Penetrox "E" joint compound (or approved equivalent) on all connections.

.2 Make connections with Burndy Hyground compression fittings or approved equivalent.
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3.3

3.4

3.5

3.6

.3 Bond all non-current carrying metal parts of electrical equipment.

Branch Circuit Grounding Conductor

.1 Install ground conductors in all conduit and wire systems.

.2 Where Teck cable is used, its ground conductor shall be properly terminated at each end.
Equipment

.1 Install grounding connections to equipment included in, but not necessarily limited to the
following list:

.1 Service equipment.

.2 Frames of motors.

.3  MCCs.

4 Transformers.

.5 Generators.

.6 Control panels.

.7 Cable trays.

.8 Distribution panels.

.9  All metallic equipment and piping in hazardous locations.

.10 All metallic equipment, metallic stairways, and hand railing for tanks in process areas.

.2 Provide 2/0 AWG copper grounding jumpers and bonding connectors where tray runs are
not continuous. Bond tray to continuous ground conductor at each end of the tray run, at
each side of bends, and at maximum 15 m intervals or at two intervening tray joints,
whichever occurs more often. Bond on either side of a connection plate.

.3 Protect exposed grounding conductors from mechanical damage.

Neutral Grounding

.1 Provide neutral-ground connections where required for solidly grounded systems and make
connections to neutral grounding resistors for resistance grounded systems.

Equipment Checkout
.1 Ground Electrode Test:

.1 Test the Facility ground system to demonstrate:
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.1 Compliance with applicable laws and requirements of authorities having
jurisdiction.

.2 Resistance of not more than 5 ohms.
.3 Compliance with the requirements of the Power Study Model.

.2 The results of the tests to be reviewed by the designer. Provide additional ground
electrodes and conductor to meet the grounding requirements.

.3 Notify the designer and the City a minimum of forty-eight (48) hours prior to
commencement of any Facility ground system testing.

END OF SECTION
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1. GENERAL
11 Summary

.1 This Section specifies conduits for electrical conductors including fittings and supports,
collectively called raceways.

.2 Provide a complete system of raceways for power, control, instrumentation, grounding,
lighting, receptacles, and signaling systems.

1.2 Standards
.1 CSA C22.2 No. 18.1 — Metallic Outlet Boxes.
.2 CSA C22.2 No. 18.2 — Non-metallic Outlet Boxes.
.3 CSA C22.2 No. 18.3 — Conduit, tubing, and cable fittings.
4 CSA C22.2 No. 18.4 — Hardware for the Support of Conduit, Tubing, and Cable.
.5 CSA C22.2 No. 18.5 — Positioning devices.

.6 CSA C22.2 No. 25 — Enclosures for Use in Class Il, Groups E, F, and G. — Hazardous
Locations.

.7 CSA C22.2 No. 30 — Explosion-Proof Enclosures for Use in Class | Hazardous Locations.

.8 CSA C22.2 No. 45.2 — Electrical rigid metal conduit - Aluminum, red brass, and stainless
steel.

.9 CSA C22.2 No. 56 — Flexible Metal Conduit and Liquid-Tight Flexible Metal Conduit.
.10 CSA C22.2 No. 83.1 — Electrical Metallic Tubing - Steel.

.11 CSA C22.2 No. 85-14 — Rigid PVC Boxes and Fittings.

.12 CSA C22.2 No. 211.1 — Rigid Types EB1 and DB2/ES2 PVC Conduit.

.13 CSA C22.2 No. 211.2 — Rigid PVC (Unplasticized) Conduit.

.14 CSA C22.2 No. 227.1 — Electrical Non-metallic Tubing.

.15 CSA C22.2 No. 227.2.1 — Liquid-Tight Flexible Non-metallic Conduit.

.16 CSA C22.2 No. 2515 — Aboveground reinforced thermosetting resin conduit (RTRC) and
fittings.

1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:



RFP No. 659-2018B
The City of Winnipeg
NEWPCC Upgrade: Headworks Facilities
CONDUIT SYSTEMS

Section 16106
Page 2 of 14
March 2020

.1 Manufacturer's descriptive literature for materials.
2. PRODUCTS
21 Manufacturers and Products

.1 Catalogue numbers specified are for illustrating features and to establish the grade of quality
of the materials specified in this Section and are taken from one manufacturer's product line.

2.2 Configuration, Components and Features

.1 Conduit Systems:

.1 Select conduit type in accordance with WWD Electrical Design Guide.

Location Application/Condition Race spec
Concealed (framed walls
a_nd .ce|I|ng spaces — EMT
lighting and receptacle
circuits only)
Concealed (concrete, RPVC
concrete block, masonry)
Indoor Dry
Exposed RA
(Non-process Areas, Specialized
Architecturally Finished P . RA*
. Instrumentation
and Office Areas) . .
Final connection to
equipment and light FLMC
fixtures
Final connection to
suspended fluorescent FLMC
fixtures only
Dry and wet Indoor and Exposed RA
outdoor areas Final connection to
. FLMC
(General Process) equipment
Embedder in concrete
structure or beneath slab RPVC
Buried All non-hazardous | on grade, direct buried
areas duct bank
Concrete encased duct DB2
bank
Process Corrosive, head Exposed PRA
space and chemical Final connection to .
. : FLMC
corrosive equipment
Hazardous, non-corrosive | Exposed RA
areas Final connection to
(Process corrosive head . FXp*
. . equipment
space, chemical corrosive)
Hazardous and corrosive Exposed PRA
areas Final connection to
(Process corrosive, head . FXP*
. . equipment
space, chemical corrosive)
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.2 Conduit Fastening and Supports:

A

Support groups of conduits with framing channel with end caps and straps for three or
more conduits.

Suspended raceway supports will consist of concrete inserts, steel rod hangers, and
jamb nuts supporting framing channel or lay-in pipe hangers. Suspended raceway
supports and racks to be seismically designed and braced as specified herein.

Beam clamps to secure conduits to exposed steel work.

Acceptable Manufacturers

.1 Atkore.

.2 Emerson Industrial Automation.

.3 Calpipe Industries Inc.

.4 ABB Thomas & Betts.

.5 Or approved equivalent.

.3 Pull Cords:

A

Pulling rope will minimum 6 mm polypropylene type, mildew and rot resistant with
minimum tensile strength of 5kN. Install in all raceways identified as future or spare.

.4 Fire Barriers:

To be compatible with coating or jacketing of raceways and cables.
To be re-enterable, for installation of additional raceways or cables.
Fire rating of barrier to match that of the required separation.
Products which are affected by water are not permitted.
Acceptable Manufacturers:

.1 Dow Chemicals - Fire Stop systems.

.2  Electrovert - Fire Stop systems.

.3 Fire Stop Systems Inc. - Elastaseal 600.

4  Thomas & Betts — Flamesafe.

.5 3 M - Fire Barrier system.

.6 Hilti.
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.7 Or approved equivalent.
.5 Hazardous Locations Conduit Seals:
.1 Material to match installed conduit, rigid aluminum or PVC coated rigid aluminum.
.2 Select and size fittings for conduit fill and alignment, EYS or EZS type.

.3 Sealing compound shall be installed after the conductors are installed, tested, and
reviewed by the Engineer of Record.

4 Acceptable Manufacturers:
.1 Eaton Crouse-Hinds.
.2 Emerson Industrial Automation, Appleton, O-Z Gedney.
.3 Or approved equivalent.
.6 Conduit Cable Seals:

.1 Provide conduit cable sealing bushings with double grommets for cable in below grade
conduit penetrations into basements and galleries or other below grade dry locations for
53 mm and larger conduits. Install blank unit fittings in all spare or other unused
conduits at these locations.

.1 Acceptable Products:
.1 Emerson Industrial Automation O-Z Gedney Type CSM.
.2 Or approved equivalent.

.2 Provide foam type sealant for non-metal-clad cable in any conduit size and for metal-
clad cable in conduit less than 53 mm in below-grade conduit penetrations into
basements and galleries or other below grade dry locations.

.1 Acceptable Products:
.1 Dura-line Hydra-Seal S-60.
.2 PRC-DeSoto/Semco PR-821 sealant.

.3 Or approved equivalent.

.3 Provide heat shrink watertight cable breaks out seals for outdoor exposed cable entries
from conduits.

.1 Acceptable Manufacturers:
.1 Tyco Electronics Raychem.

2 3M.
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.3 ABB Thomas & Betts.

4 Or approved equivalent.

.7 Conduit Penetration Seal:

.1 Provide a watertight seal wherever conduits penetrate outdoor concrete walls or

ceilings through a cast-in-place penetration below grade.

.1 Acceptable Products:

.1 Emerson Industrial Automation O-Z/Gedney Co., Type FSK.

.2 Or approved equivalent.

2.3 Raceway Specification

.1 Raceway Identification: COM D.

Description:
Compliance:
Construction:
Minimum Size:

Fittings and Accessories:

.2 Raceway Identification: DB2.

Description:
Compliance:
Application:

Construction:

Minimum Size:

Acceptable Manufacturers:

Fittings, Boxes, and
Accessories:

Communication duct.

Manitoba Telephone System requirements.
PVC duct.

25 mm

Same as RPVC for 25 mm duct.

Same as DB2 for 50 mm and larger ducts.

PVC conduit, Type 2.
CSA C22.2 No. 211.1
Concrete encased.

Rigid non-metallic conduit made of polyvinylchloride
(PVC).

50 mm
Royal, Ipex
Or approved equivalent.

PVC solvent weld-type.

Manufactured spacers where used in an encased conduit

bank.

Manufactured adapters for connection to other types of

raceways.
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.3 Raceway ldentification: EMT.

Description: Electrical metallic tubing
Compliance: CSA C22.2 - No. 83.1
Finish: Electro-galvanized steel, inside coating for ease of

Minimum Size:

Acceptable Manufacturers:

Fittings, Boxes, and
Accessories:

4 Raceway ldentification: FLMC.

Description:
Compliance:

Application:

Construction:

Acceptable Manufacturers:

Fittings:

Installation:

.5 Raceway Identification: FMC.

Description:

conductor pulling.

25 mm

JMC Wheatland Tube, Atkore Columbia-MBF
Or approved equivalent.

Steel compression connectors.
Straps 1-hole steel.
Electro-galvanized pressed sheet steel utility boxes.

Acceptable Manufacturers: Thomas & Betts

Or approved equivalent.

Liquid tight flexible steel conduit.
CSA C22.2 - No. 56-13

Final connection to equipment subject to vibration or
adjustment, use with rigid conduit.

Spirally wound galvanized flat steel strip with successive
convolutions securely interlocked and jacketed with liquid
tight polyethylene cover.

Electri-flex Liquatite, Atkore AFC Cable Systems.
Or approved equivalent.

Steel or malleable iron body and gland nut with Dura-Plate
finish, with cast-in lug, brass grounding ferrule threaded to
engage conduit spiral and O-ring seals around the conduit
and box connection and insulated throat.

Use 45- and 90-degree insulated fittings.
Acceptable Manufacturers: Thomas & Betts, Appleton.
Or approved equivalent.

Except as otherwise specified, the length of flexible liquid
tight conduit will not exceed 20 times the trade diameter of
the conduit, or 600 mm.

Flexible aluminum conduit
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Compliance: CSA C22.2 - No. 56

Application: Final connection to suspended fluorescent fixtures in
indoor office areas for use with EMT.

Construction: Spirally wound aluminum strip with successive

Acceptable Manufacturers:

Fittings:

.6 Raceway Identification: FXP.

convolutions securely interlocked.
Electri-flex Liquatite, Atkore AFC Cable Systems.
Or approved equivalent.

Insulated-throat type.

Description: Flexible metal conduit, explosion-proof.

Compliance: Suitable for use in Class |, Zone 0, Zone 1 and Zone 2
hazardous locations.
CSA C22.2 - No. 25
CSA C22.2 - No. 30

Application: Used for final connections to motors and other equipment
subject to vibration or adjustment in Class |, Zone 0, Zone
1 and Zone 2 hazardous locations.

Construction Outer bronze or stainless steel braid, inner brass or

Acceptable Manufacturers:

Installation:

Raceway Identification: FLNC.

stainless steel core with insulating liner.

Emerson Industrial Automation Appleton, Eaton Crouse-
Hinds

Or approved equivalent.

Provide the length of flexible, explosion-proof conduit no
less than 300 mm or more than 600 mm.

Description: Flexible liquid tight nonmetallic conduit.

Compliance: CSA C22.2 - No. 227.21

Application: Final connection to equipment subject to vibration or
adjustment, use with RPVC, ERS, and PRS conduits in
sizes 1/2 inch up to 1-1/2 inch.

Construction: Spirally cast tubing, smooth interior, PVC. Resistant to oil,

Acceptable Manufacturers:

acid, ozone, and alkaline, sunlight-resistant.
Electri-flex Liquatite, Atkore AFC Cable Systems.

Or approved equivalent.
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Fittings:

Installation:

.8 Raceway Identification: PRA.

Description:

Compliance:
Finish:

Fittings, Boxes &
Accessories:

Acceptable Manufacturers:

Installation:

.9 Raceway Identification: RA

Description:
Compliance:

Construction:

High-strength, chemical-resistant, glass-filled
thermoplastic. Resistant to oil, acid, ozone, and alkaline.
PVC locknut. Neoprene "O" ring for liquid tight termination.

Use 90-degree fittings.
Acceptable Manufacturers: Thomas & Betts, Series 6300.
Or approved equivalent.

The length of flexible liquid tight conduit will not exceed 20
times the trade diameter of the conduit, or 600 mm.

Rigid aluminum conduit, corrosion-resistant, polyvinyl
chloride (PVC) coated.

Same as RA, plus CSA Electrical Bulletin 1051A.

Rigid aluminum (RA) conduit, to which a minimum 40-mil
thick PVC coating has been bonded to the outside of the
conduit. Pinhole-free, red urethane inside coating. Bond
strength to exceed the tensile strength of the PVC coat to
allow conduit bending without cracking of coating. Elbows
factory made and coated.

Same as for RA, and:

Similarly coated to the same thickness as the conduit and
provided with Type 316 stainless steel hardware. Conduit
and fittings coated by the same company.

Plastibond by Robroy Industries.
Or approved equivalent.

Support PVC coated conduit away from the structure
using PVC coated conduit hardware.

Install plastic coated conduit tight with strap wrenches.
Make sure that all conduit threads are covered by a
manufactured plastic pressure sealing sleeve. Do not use
pipe wrenches and channel locks for tightening plastic
coated conduits. Patch damaged areas using
manufacturer's recommended material. Build up the area
to be patched to the full thickness of the coating. Painted
fittings are not permitted.

Rigid aluminum conduit.
CSA C22.2 - No. 45 and No. 18
Copper-free aluminum alloy 6063-T5.
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Minimum Size: 19 mm

Fittings, Boxes and Same as for RS, except copper-free aluminum in lieu of

Accessories: ferrous materials.
Straps: 1-hole cast aluminum.
Description: Rigid aluminum conduit.

.10 Raceway Identification: RPVC

Description: Rigid PVC conduit.

Compliance: CSA C22.2 - No. 211.2 and No. 85-14.
Application: Direct burial or concrete encased.
Construction: High-impact, polyvinylchloride (PVC).

Minimum Size:

Fittings and Accessories:

Boxes:
Indoor, Dry:

Indoor Wet, Outdoor
and Corrosive:

19 mm
PVC solvent weld-type.
O-ring expansion couplings and joints.

Straps 2-hole PVC up to 53-mm size, 2-hole PVC
covered steel above 2-mm size, nylon clamp with spacer
where clearance from mounting surface is required.

Manufactured adapters for connection to other types of
raceways.

Moulded PVC, F-style.

NEMA Type 4X reinforced polyester with threaded hubs
or moulded PVC.

Installation: Secure PVC conduit entering fibreglass boxes or
cabinets by threaded bushings on the interior of the box
and terminate with a threaded male terminal adapter
having a neoprene O-ring. Make joints with standard PVC
couplings.

3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.

.3 Conduit runs between boxes.
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Limit the number of directional changes of conduit to total not more than 270 degrees in
any run between pull boxes. Limit conduit runs between boxes to 40 m, less 5 m for
every 90 degrees of change in direction. Avoid bends and offsets. Use manufactured
elbows and offsets when required or field bend conduit without flattening or kinking
conduit

Make turns with manufactured fittings or conduit bends. Welding, brazing or otherwise
heating metal conduit is not permitted.

4 Cap all conduits immediately after installation until cables are pulled in. Cap all unused
conduits.

.5 Install pull cords in empty conduits and spare conduits.

.6 Where conduits become blocked, remove and replace blocked section. Do not use liquids to
clean out conduits.

.7 Dry out conduits before installing wire.

.8 All conduit installed exposed in finished areas shall be free of visible labels and trademarks.

.9 Install conduits to conserve headroom in exposed locations and cause minimum interference
in spaces through which they pass.

.10 Surface-mounted conduits:

A

2

Use explosion-proof flexible connection for connection to explosion-proof motors.

Install conduit sealing fittings in hazardous locations. After completion of all cable tests
fill with compound.

Bend conduit cold. Replace conduit if kinked or flattened more than 1/10 of its original
diameter.

Make rigid PVC conduit joints by solvent-welding using an approved conduit cement.
Field threads on rigid conduit to be of sufficient length to draw conduits up tight.
Underground metallic or non-metallic conduit that turn out of concrete, masonry or

earth: Install a 90-degree elbow of PVC-coated rigid steel conduit before emergence
above ground.

.11 Surface Conduits:

Run parallel or perpendicular to building lines.

Two (2) or more conduits in the same general routing shall be parallel with symmetrical
bends.

Install conduits behind electric heaters with 1.5 m clearance.

Run conduits in flanged portion of structural steel.
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5

6

a7

Group conduits on suspended channels.
Do not pass conduits through structural members except as specified.

Do not place conduits within 75 mm parallel to steam or hot water lines with minimum of
25 mm at crossovers.

.12 Concealed Conduits:

A

2

3

Run parallel or perpendicular to building lines.
Do not install horizontal runs in masonry walls.

Do not install conduits in terrazzo or concrete toppings.

.13 Conduits in Cast-In-Place Concrete:

A

2

10

1

Locate to suit reinforcing steel. Install in centre one-third of slab.
Protect conduits from damage where they stub out of concrete.
Install sleeves where conduits pass through slab or wall.

Provide oversized sleeve for conduits passing through waterproof membrane, before
membrane is installed. Use cold mastic between sleeve and conduit.

Install conduits between the reinforcing steel in walls or slabs which have reinforcing in
both faces. In slabs which have only a single layer of reinforcing steel, place conduits
under the reinforcement.

Do not install aluminum conduit in concrete without added corrosion protection including
heat-shrink sleeves or bitumastic coating.

Locate to suit reinforcing steel. Install in centre one-third of slab. Organize conduits to
minimize cross-overs.

Where conduits pass through waterproof membrane provide oversized sleeve before
membrane is installed. Use cold mastic between sleeve and conduit.

Do not place conduit in concrete slabs where slab thickness is less than 4 x conduit
diameter. Encase conduits completely in minimum 25 mm concrete. Maintain
clearances equal to the nominal conduit diameter, but not less than 40 mm between
conduits encased in slabs. Clearances of less than 40 mm at conduit crossing and
terminating locations are permitted.

Provide bonded, weathertight expansion fittings wherever embedded conduit crosses
building expansion joints and between two (2) adjacent structures.

Where the drawings indicate future duplication of equipment wired hereunder, provide
concealed portions of conduits for future equipment.

.14 Junction and Pull Boxes:
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A

Provide junction or pull boxes as set out in the Final Design.

.15 Conduit Terminations:

A

Secure conduit entering sheet metal boxes or cabinets by locknuts on both the interior
and exterior of the box or cabinet and install insulating grounding or bonding bushing
over ends of metal conduit. Terminate conduit entering other boxes with a hub. Provide
cast boxes and non-metallic enclosures with threaded or solvent weld hubs. Fittings for
all conduits that enter enclosures will confirm that the NEMA rating of the enclosure is
not affected or changed. Make joints with standard couplings or threaded unions. Bond
metal parts of non-metallic boxes and plastic coated boxes to the conduit system. Do
not use running threads instead of unions or excessive thread on conduit. Cut the ends
of conduit square, and ream.

Arrange conduit so that motors and field equipment enclosures in process areas are
entered from the bottom or side to minimize the possibility of moisture entry. Where
conduit comes from above, run it down beside the enclosure and install a tee condulet
and drip leg.

Provide sufficient length of "free" flexible conduit for motors mounted on slide rails to
permit the motor to travel the full length of the rails. Provide a minimum three metre
loop of flex on sump pump motors to allow motor drive coupling to be disconnected
without disturbing flex connection.

.16 Conduit Support:

A

2

a7

8

Support systems as specified in Section 16191.

Route conduit parallel or perpendicular to walls, structural members, or intersections of
vertical planes and ceiling.

Provide spacers for surface-mounted aluminum conduit to avoid direct contact with
concrete.

Install no conduit closer than 150 mm to objects operating above 30°C.

Space out from the wall using framing channels where three or more conduits are
located in a parallel run.

Secure conduit rack supports to concrete walls and ceilings by means of cast-in-place
anchors or framing channel concrete inserts.

Run conduits in flanged portion of structural steel.

Comply with the seismic requirements specified in Section 16010 for support systems.

.17 Conduit Penetrations:

A

Pass conduit routed perpendicular through floors, walls, or other concrete structures
through cast-in-place openings. In cases where cast-in-place openings are not possible,
bore appropriately sized holes through the concrete to accommodate the conduit
passage. Prior to boring locate and avoid structural steel through non-destructive
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means. The size and location of the holes shall be such as to not impair the structure's
integrity. After completion, grout or caulk around conduit and finish to match existing
surroundings. Protect conduits that rise vertically through the floor by a 90 mm high
concrete pad with a sloping top.

.2 Do not pass conduits through structural members unless set out in the Final Design.

.3 Wherever conduits penetrate outdoor concrete walls or ceilings through a cored hole
below grade, provide a watertight seal via conduit sealing bushing.

4 Wherever conduits pass through fire walls, provide a fire barrier applied in strict
accordance with manufacturer's instructions. Clean off spillage of sealant.

.5 Provide necessary flashing and pitch pockets, making watertight joints where conduits
pass through roofs, metal walls, or watertight membranes.

.6 Before coring, cutting, or breaking of concrete, examine the structure closely for support
cables. Utilize detection systems including X-ray or thermograph to locate concealed
conduits, cables, and reinforcing steel. Repair all damage caused from the
penetrations.

.7 Provide a watertight conduit seal via thru wall and floor seal where conduits penetrate
outdoor concrete walls or ceilings through a cast-in-place penetration below grade.

.8 When using RA conduit to penetrate from a non-hazardous location to a hazardous
location, coat the conduit with bituminous paint to prevent galvanic corrosion of the
conduit. After conduit has been installed, seal core entry around conduit with non-shrink
grout (e.g., “Cement All’) to prevent transmission of vapours from the hazardous
location.

.18 Conduit Separation:

.1 Separate analogue and communication conduits from AC power or control conduits by
a minimum of 300 mm for metallic conduits and 600 mm for non-metallic conduits.

.19 Cabile Installation in Conduits:
.1 Install cables in conduits.

.2 Do not pull spliced cables into conduits. Do not pull cables into incomplete conduit
systems.

.3 Install multiple cables in conduits simultaneously.

4 Use CSA-approved lubricants of type compatible with cable jacket to reduce pulling
tension.

.5 To facilitate matching of colour-coded multi-conductor control cables reel off in same
direction during installation.

.6 Before pulling cable into conduits and until cables are properly terminated, seal ends of
cables with moisture seal tape.
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.7 After installation of cables, seal void around cables with duct seal compound at point of
entry into below-grade structures.

.8 Allow 1 m of extra length of cable in loop form at splice boxes, pullpits, and manholes.
.20 Fibre Optic Installation:

.1 Conduit bends for fibre optic cable to be a minimum of 610 mm.

END OF SECTION
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1. GENERAL
11 Summary

.1 This Section specifies supply and installation of cable trays.
1.2 Standards

.1 CAN/CSA C22.2 No. 126 - Cable Tray Systems.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
.2 Prior to construction, submit design drawings and calculations indicating all tray loading
has been reviewed by and bear the stamp of a Professional Engineer registered in the
Province of Manitoba.
.3 Design drawings shall include but not limited to
.1 Indicate the various types of cable trays used.
.2 Show actual cable tray installation details and suspension system.
.3 Arrangement and dimensions of mounting fittings and accessories
2. PRODUCTS
21 Manufacturers
.1 Provide cable trays from a single manufacturer.
.2 Acceptable Manufacturers:
.1 Cooper B-Line
.2 Thomas and Betts
.3 Or approved equivalent.
2.2 Cable Tray
.1 Cable trays shall be aluminum ladder type, Class C for indoor tray, class D for outdoor tray,
to CSA C22.2 No. 126 with 300 mm rung spacing, 150 mm side rails and width as required,

but not less than 150mm.

.1 Fiberglass and stainless steel tray may be used in environments where it will
outperform aluminum tray.
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.2 Elbows, end plates, drop outs, vertical risers and drops, tees, wyes, expansion joints,

reducers and other fittings where required. Field fabricate only those fittings not available
from manufacturer.

Provide rod hanger clamps, rod hangers, wall mounting support brackets and all necessary
accessories for complete installation.

Barriers where different voltage systems or electrical systems are in the same cable tray.
Provide separate cable tray for medium voltage (4.16kV and 12.47kV) power cables.

Cable tray rungs shall include cable tie slots for horizontally mounted tray, to secure cables
at regular intervals with cable ties.

Cable tray rungs shall include open slot channel for vertically mounted tray, to secure cables
at regular intervals with cable clamps.

Provide cable tray cover were mechanical protection of cables is required and for all outdoor
installation. Cable tray covers shall be solid aluminum covers with a flange and c/w raised
cover clips.

2.3 Supports:

A

2

Rod hangers, nuts, fittings and hanger clamps: stainless steel type SS316.

Wall mounted support brackets: aluminum.

2.4 Fire Barriers:

A

In accordance with Section 16055.

25 Cable Spacers:

A

Recommend suitable space in accordance with manufacturers requirements if spacers are
required.

Diameter of opening to be suitable for cable size.
Mounting hardware to be compatible with tray system.

Multi conductor cable feeders to be tied down with adequate tie raps.

2.6 Identification

A

Warning Notices

.1 Provide yellow plates with black lettering.
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3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Provide a cable tray system for three (3) or more cables when cable lengths exceed 3 m.
.3 Install cable tray support at every 3.0 m, and at all cable tray bends.

4 Run cable tray continuously to establish rigidity using factory fittings. Corners, tees, elevation
changes shall be made using factory fittings. Cable tray shall be discontinuous where
installed at different elevations.

.5 Where tray runs change elevation, trays shall overlay each other. Further, tray sections shall
be coupled together to provide rigidity. This coupling shall be made by using a short length
of tray and adjustable elbows or shall be coupled by means of common support rods at the
tray overlap.

.6 Use expansion-joint splice plates to allow 50 mm free movement between adjacent trays
when crossing a building expansion joint.

.7 Install covers on trays crossing under open stairways and grating, on outdoor trays and for 2
m above floor penetrations.

.8 Provide a green PVC-insulated bonding conductor of 4/0 AWG copper on tray throughout
the entire length of each tray run. Bond each isolated segment of tray, which is less than 15
m, to a tray run. Solidly connect each tray run to the electrical room ground bus. Attach
bonding conductor to tray every 15 m with approved ground wire connector and anti-
oxidizing compound. Bonding conductor insulation to be FT4 rated for indoors and FT1 rated
for outdoors. For trays stacked vertically above each other (maximum of three trays in
stack), provide a bonding conductor throughout the entire length of one tray with bonding
jumpers provided every 15 m from that tray to the other tray(s) in the tray stack

.9 Cable trays are only to support cables. Do not attach pipes, fixtures, and the like to cable
tray or cable tray supports.

.10 Cables in Cable Tray
.1 Install cables individually.
.2 Lay cables into cable tray to provide a minimum of cable crossovers.
.3 Space cables as indicated in Design Builder’s Design.
4 Secure cables in cable tray at 6 m centres with nylon ties.
.5 The air space between cables shall be 100% of the largest conductor diameter or

unless otherwise specified. There will be 40% space for installation of cables in future
without requiring derating of cables installed under this DBA.
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.11 Install warning notices every 10 m on all cable trays in accordance with CSA C22.1.

.12 Fire stop tray penetrations at fire rated walls.

END OF SECTION
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1.1

1.2

1.3

21

GENERAL

Summary

A

This Section specifies supply and installation of HYTECK Cables 5 kV to 15 kV.

Standards

A

CSA C68.10 - Shielded Power Cables for Commercial and Industrial Applications - 5 to 46
KV

.2 CSA C68.3: Shielded and Concentric Neutral Power Cables rated 5-46 kV.

.3 Canadian Electrical Code (CEC) as adopted by the Province of Manitoba.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Include insulation material, conductor material, voltage rating, cable termination Kkits,
cable splice/ terminator qualifications, and other data pertinent to the specific cable, and
applicable standards

PRODUCTS

HV Teck Cable 5kV and 15kV

A

2

Voltage: 5kV and 15kV as required.

Conductor: Three conductor cables with Class B compressed or compact soft drawn copper
per ASTM. Sized as required.

Conductor Shield: Extruded thermosetting semiconducting shield which is free stripping
from the conductor and bonded to the insulation.

Insulation: Natural high dielectric strength tree-retardant cross linked polyethylene insulation,
exhibiting an optimum balance of mechanical and electrical properties, insuring resistance to
treeing. Rated for 133% insulation level.

Insulation Shield: Extruded thermosetting semiconducting shield with controlled adhesion to
the insulation providing the required balance between electrical integrity and ease of

stripping.

Metallic Shield: Helically applied non-magnetic uncoated copper tape over the insulation
shield. The copper tape shield shall be overlapping.

Assembly: Three conductors are twisted together with fillers and soft drawn, bare copper
bonding conductor and covered with binder tape.
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.8 Inner jacket: Sunlight resistant polyvinyl chloride (PVC) jacket tightly applied over the binder
tape.

.9 Armour: Flexible aluminum interlocking armour applied over the inner jacket for mechanical
protection.

.10 Outer jacket: Sunlight resistant polyvinyl chloride (PVC) jacket applied over the armour. CSA
FT-4 flame test rated

.11 Suitable for -40°C installation.

.12 Approved products:

.1 CSA HVTECK 5kV and 15kV shielded
.2 Approved equal

3. EXECUTION

31 General

.1 Install shielded power cables in concrete encased duct bank and in underground concrete
encased conduit in accordance with the Technical Requirements.

.2 Install 15kV and 5kV cable on cable tray for runs entirely within the facility.

.3 Install power cables with large radius cable bends, not exceeding Manufacturer’'s
recommendations.

4 Support cables with U-channel struts or frame to provide additional support where transition
from cable tray or equipment leaves cables inadequately supported.

.5 Supply and install shield connectors, cable grounding kits, lugs, stress relief tubes, tapes
and any other materials required for correct installation and termination in accordance with
manufacturer instructions. All termination kits and accessories shall be the proper equipment
for the intended cable as indicated by the cable manufacturer.

.6 Permanent “DANGER — HIGH VOLTAGE” warning labels are to be fixed to all high voltage
cable conduits, trays containing high voltage cable, points of access to high voltage cables
and conductors and the high voltage cable itself where not run in tray or conduit. Spacing of
warning labels is not to exceed 10m.

.7 Perform tests in accordance with Section 16020.

.8 Remove and replace entire length of cable if cable fails to meet any of test criteria.

END OF SECTION
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1. GENERAL
11 Summary

.1 This Section specifies supply and installation of wires and cables.
1.2 Standards

.1 CSA CAN3-C21.1 - Control Cable 600V

.2 CSA C22.2 No. 0.3 - Test methods for Electrical wires and Cables

.3 CSA C22.2 No. 131 - Type TECK 90 Cable

4 CSA C22.2 No. 174 - Cables for use in Hazardous Locations

.5 CSA/CSAC22.2 No. 239 - Control and Instrumentation Cables

.6 Insulated Cable Engineers Association (ICEA) requirements, where permissible.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
2. PRODUCTS
21 Manufacturers and Products

.1 Catalogue numbers specified are for establishing the grade of quality of the materials
specified in this Section and are taken from one manufacturer's product line.

.2 Acceptable Manufacturers
.1 Cable Connectors:
.1 Appleton.
.2 Thomas & Betts.
.3 Or approved equivalent.
.2 Wire Connectors:
.1 Burndy.
.2 Thomas & Betts.

3 3M.
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4 Or approved equivalent.

2.2 Configuration, Components and Features

.1 Wire Insulation Voltage

A

2

3

Wiring at less than 600 V to be 600 V insulated.
Wiring at 600 V to be 1000 V insulated.

Composite 600 V power and 120 V control cables shall not be permitted.

.2 Building Wires

A

2

Comply with CSA C22.2 No. 38.

Conductors:

.1 Stranded copper.

.2 Minimum size 12 AWG, except 14 AWG for control circuits.

Insulation chemically cross-linked, thermosetting polyethylene, and rated RW90, 1000
V. Use RWU 90 insulation as set out by the Final Design.

Colour coding to Section 16010; wires sized 2 AWG and smaller to be factory-coded,
taping is not permitted.

.3 Armoured Cable

A

Conductors and insulation same as for building wires, except that manufacturer's
standard insulation colour coding is permitted.

Multi-conductor, composite or single-conductor construction as set out in the Final
Design, plus bare ground conductor.

Interlocking aluminum armour.

Teck Cable (Power and Control)

.1 Comply with CSA C22.2 - No. 0.3, No. 131 and No. 174.
.2 HL rating for hazardous location Zone 1.

.3 Inner jacket thermosetting PVC compound.

4 Outer jacket of PVC material rated -40°C and meeting low gas emission and FT4
flame test requirements set forth in CSA C22.2 - No. 0.3 and IEEE 383.

.4 VFD Cable:
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.1 Three copper-conductors cables with three symmetrically positioned bonding
conductors.

.2 Minimum 1000 V rated cross-linked polyethylene insulation which guarantees high
dielectric strength to withstand high voltage spikes of two to three times’ normal voltage.
Final rating shall be based on Final Design.

.3 The continuously corrugated, corrosion-resistant aluminum sheath with 100% coverage
and low resistance path to ground.

4 A PVC jacket rated FT4 and AG14 to confirm that the cable is grounded at the
terminations only, preventing the pick-up of stray currents. The black PVC jacket to be
UV resistant, suitable for outdoor use

.5 Suitable for cable tray installation, indoor and outdoor.

.6 The VFD cable shall.
.1 Comply to CSA C22.2 N 123-96; CSA C22.2 N 174-M1984
.2 CSAFT4 Flame Test

.7 The Acceptable Manufacturer
.1 Nexans Drive Rx VFD Cable
.2 orapproved equivalent

.8 Provide only connectors approved for use by the manufacturer.

.5 Flexible Cables:

.1 Designations and Compliance:
.1 Flexible Cords; Type SOW, to CSA C22.2 No. 49, Type ST, to CSA C22.2 No. 49.
.2 Portable Cables up to 2 AWG, Type SGOW, to CSA C22.2 No. 96.
.3 Portable Power Cables up to 500 kcmil, Type G, to ICEA S-68-516.

.2 Conductors and Insulation:
.1 Stranded copper.

.6 Connectors for Armoured Cables:
.1 Comply to CSA C22.2 No. 18 and No. 174.
.2 Teck cable connector: Connectors to be watertight. Dry-type not permitted. Material

compatible with connecting body including junction, outlet or splice box to which
connection is made. Grounding ring or "fingers" and neoprene bushing.
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.3 Type AC cable connector: two-screw, clamp-type, nylon insulated, dry-type.

4 Acceptable Products:

.1 Hazardous Locations, Thomas& Betts STAR TECK XP.

.2 Hazardous and corrosive locations, Thomas & Betts STAR TECK XP all with heat-
shrink sleeve applied.

.3 Corrosive locations, Thomas & Betts STAR TECK, all with PVC coating.

4 All other locations, for jacketed armoured cable, Thomas & Betts STAR TECK.

.5 Or approved equivalents for above.

Teck Cable connectors to use materials similar to the connected equipment to prevent

corrosion caused by contact of dissimilar metals. The locknut of the connector will be of
the same material used as the Hub of the connector.

.7 Strain Relief Connectors:

A

2

Watertight type for use with flexible cables.

Material compatible with connecting body including junction, outlet or splice box to
which connection is made.

Stainless steel wire mesh cord grip where connector is used with free-hanging cable.
Acceptable Products:
.1 Thomas & Betts Type RANGER.

.2 Or approved equivalent.

.8  Wire Connectors:

A

The following listings specify products for copper conductors only.

.2 Comply to CSA C22.2 No. 65 and No. 188.

.3 Twist-On Connectors:

.1 Insulated serrated or wing-type cap.
.2 Internal spiral spring; set-screw or crimp-type are not permitted.
.3 Minimum rating 600 V.

4 Limited for use up to 10 AWG wire.

.4  Terminal Connectors:
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.1 Ring-type or locking fork-type, crimp-on terminal with nylon insulating sleeve over
brazed seam shank.

.2 Minimum rating 600 V, 105°C.

.3 Conductive member made from electro tin-plated copper.

4 Use limited for conductors up to 10 AWG.

.5 Compression Lugs:

.1 Made from one-piece pure electrolytic copper tubing, tin plated.

.2 Colour coded or marked with manufacturer's die index.

.3 Long barrel for minimum two (2) crimps.

4 For use with conductors 8 AWG and larger.

.5 For 1/0 AWG and larger conductors, use two-hole long barrel compression lugs.

.6 Install ferrules with nylon insulating sleeves on all No. 14 and smaller stranded
wires being terminated on terminal strips. Individual ferrule is required for each

conductor.

.6 Compression splices: similar to compression lugs, suitable for in-line, C-tap and similar
configurations.

.9  Joint Compound:

.1 Conductive compound, suitable for application to threaded and compression
connections.

.2 Compatible with cable and conductor insulation and material.
.3 Capable of being brushed on at temperatures from minus 25°C to 110°C.
4 Acceptable Products:
.1 Aluma-Shield.
.2 Burndy Penetrox.
.3 Thomas & Betts Kopr-Shield.
4 Or approved equivalent.
.10 Electrical Tape:

.1 To be compatible with conductor or cable insulation or jacketing.
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.2 For general purpose: vinyl plastic, premium grade, minimum 0.18 mm (7 mil) thickness,
black or colour coded. Acceptable Product: 3M Super 33+ or 35 (or approved
equivalent).

.3 Self-vulcanizing linerless rubber tape, minimum 0.76 mm (30 mil) thickness. Acceptable
Product: 3M Type 130 C (or approved equivalent).

3. EXECUTION

3.1 General

A

10

1

12

Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

Perform tests in accordance with Section 16020 — Electrical Testing.

Establish exact location of equipment and their connection points before wiring installation is
commenced.

Protect wiring against damage from construction activity by suitable means.
Protect metallic cable connectors in process areas with heat-shrinkage sleeves. Sleeve
length to extend 75 mm past the connector and to provide a tight fit around connector and

cable.

Arrange wiring in process area such that motor connection boxes and other field mounted
devices are entered at the side or bottom of the connection box or enclosure.

Provide sufficient length of "free" cable for motors mounted on slide rails to permit the motor
to travel the full length of the rails.

Install reducing bushings where threaded entry in a motor connection box is larger than the
hub size of the cable connector.

In-line splices are not permitted.

Repairing damage to a cable jacket is not permitted. Replace the entire length of a damaged
cable.

Arrange cable supports such that maintenance work or removal of the equipment served by
the cable, will not cause any damage to the cable.

Jacketed Armoured Cable:

.1 Install on surface. One (1) or two (2) surface mounted cables to be strapped using one
hole aluminum straps with clamp back (T&B 1275AL series or approved equivalent).
Fastening, strapping and support materials to be compatible with the area conditions.
Strap at every 1 m intervals. Cables will not be strapped to handrails and piping.

.2 A group of three (3) or more cables running parallel to each other to be installed in a
cable tray.
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.3 Install cable connectors at both ends of each armoured cable.

4 Provide protection for cables where subject to mechanical damage, notably where
cable passes through a floor slab.

.5 Tighten and mark Teck connector gland nuts following tightening. Connect markings to
be made with felt pen as a line between gland nut surface and surface of connector
body to show relative position of gland nut after final tightening has been done.

.6 Where hazardous locations rated Teck connectors are used, installer will follow

manufacturer's assembly procedures for all stages of the installation. Allow cable
sealing compound to harden in connector bodies before inserting connector and wires
into connector hub.

.13 Flexible Cables:

A

Provide cables to be installed with strain relief-type connectors to take the tension from
the cable termination.

Provide wire mesh grip where cable is free hanging or subject to frequent flexing.

Where excess cabling is to be provided, neatly coil and tie excess length and attach to
structure using hooks or supports as set out in the Final Design.

.14 Connector Sizing:

A

Strictly adhere to Manufacturer's listing for matching connector and terminal sizes to
cable and conductor sizes.

Similarly, the proper compression tools and dies to be selected for each compression
fitting to obtain the correct compression strength and as not to damage insulation
sleeves and finishes.

Select cable connectors with correctly sized grommets, bushings, glanding devices and
threads. The application of tape or using reducers is not an acceptable alternative to
selecting the correct size connector.

.15 Terminations and Splices:

A

Twist-on connectors shall be limited to use on lighting circuits, control wiring in outlet
boxes, luminaires, and with factory-supplied leads or pig-tails in field devices. Pre-twist
the conductors tightly prior to installation of twist-on connectors.

Do not use twist-on connectors inside panels and apparatus which are equipped with
terminal blocks.

Use locking fork-type connectors on flat screw-type terminals.

Use ring-type connectors for 10 AWG and smaller on stud and post-type terminals and
any termination subject to vibration.
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.5 Use compression-type lugs for 8 AWG and larger unless equipment is provided with
proper lugs designed for conductor terminations.

.6 Unless motor connection boxes are equipped with terminals, use compression-type
motor connection lugs and machine bolts with belville washers at motors for conductors
up to 1 AWG. For 1/0 AWG and larger conductors use two-hole long barrel
compression lugs and apply self-vulcanizing tape or heat-shrink end cap over
termination.

.7 In moist or corrosive areas, apply joint compound to conductor prior to installation of
compression fitting.

.8 Follow Manufacturer's instructions with regards to tool size and application methods of

terminations and compounds.

.16 Fire Barriers:

A

Provide openings in fire rated walls, and floors, where cables run through.

.17 Hazardous Location Penetrations:

A

Provide openings between hazardous locations, walls or floors, where cables are to run
through.

Maintain a temporary vapour tight seal during cable installation work and finish off with
mortar type fire stop sealant after all cables are installed and tested.

Install approved fire and gas stop seal.
Install cables to one side of penetration opening to allow space for coring of fire stop

seal materials for addition of future cables.

END OF SECTION
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1.1

1.2

1.3

21

GENERAL

Summary

.1 This Section specifies supply and installation of communication cables.
Standards

.1 CSA C22.2 No. 239 - Control and Instrumentation Cables.

.2 ODVA Pub. 00148RO - Ethernet/IP Media Planning and Installation Manual.
Submittals

.1 Submit product data in accordance with Sections 01300 and 16010 including:

.1 Manufacturer's descriptive literature for materials.
.2 Catalogue and technical data.
.3 Installation data including allowable pulling tension, pulling radius, and bending radius.
PRODUCTS
Configuration, Components and Features
.1 Serial Binary Data Interchange Cables (RS232D):
.1 Conform to the following:
.1 Shielded, including terminators.
.2 Moulded terminations.
.2 Balanced Digital Interface Circuits (RS422/RS485):
.1 Conform to the following:
.1 CSA Certified for trays and risers.
.2 Conductor: 16 AWG bare solid copper.
.3 Dielectric: Cellular polyethylene.
4 Shield: Aluminum Mylar and 90% tinned copper braid.
.5 Jacket: Black polyvinyl chloride (PVC).
.6 Electrical characteristics @ 20°C:

.1 Capacitance: 35.8 plus or minus 3.0 pf/m
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.2 Impedance: 24 plus or minus 2 A.
.3 Propagation velocity: 78 percent.
.4 Inner conductor resistance: 1.4 A/100 m.
.5 Shield resistance: 0.43 A/100 m.
.6 Attenuation @ 1 MHz: 0.59 dB/100 m.
.2 Where armoured trunk cable is specified, conform to the above plus the following:
.1 Armour: 15 mm corrugated chrome plated steel armour applied longitudinally.
.2 Moisture barrier: 0.05 mm heat sealable bonded to outer jacket.
.3 Outer Jacket: 1.27 mm polyethylene.
.3 CCTV Cable:

.1 CCTV Cameras shall be IP based. Provide Ethernet or fibre optic cabling with Ethernet
to fibre converters. For cabling requirements, refer to the items below.

4 Ethernet CAT 6A Cable:
.1 CAT 6A Cable shall be CSA approved and shall be constructed as follows:
.1 Complies with ANSI/TIA-568-C.2 CAT 6A standards.
.2 Twenty-four (24) gauge solid copper conductors.
.3 Four (4) twisted pairs.
4 Bandwidth 500 MHz.
.5 Jacket: PVC.
.6 FT4 rating.
.2 ANSI/ISA S50.02 — Fieldbus Standard for Use in Industrial Control Systems.
.5 Ethernet Armored CAT 6A Cable:
.1 CAT 6A Cable shall be constructed as per item 2.1.4 including the following:
.1 FT4 rating with FT6 outer jacket.
.2 Type — Plenum Rated Cabile.
.3 Armored and outer jacket rated 600V for installation in tray.

.2 ANSI/ISA S50.02 — Fieldbus Standard for Use in Industrial Control Systems.
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.3 Multi-Ethernet cables in a single Teck armour jacket are permitted.
.6 Profibus DP Cables:
.1 Profibus DP Cable will comply with the requirements of EN50170-2-2:1996.
.2 Requirements:
.1 Two-wire shielded with circular cross section.
.2 Loop resistance: < 150 Q/km.
.3 Operating temperature: minus 40°C to 60°C.
4 Flame-retardant to IEC-60322-3-24.
.5 Colour Code: red and green, 22 AWG stranded bare copper conductors.
.6 Isolation: 300 V.
.7 Jacket colour: Purple.
.8 Cables in Hazardous Locations: Aluminum Armored.
.9  Spur cables: Not Armored.
.10 UV-resistant.
.11 Belden 3079E and/or123079A Profibus DP cable, Turck 4515 and/or 4510A.
.7 Fibre-Optic Single-mode Cable:
.1 Cable to conform to the following:
.1 ANSI/TIA/JEIA-492-CAAA.
.2 Single-mode (SM) OS2, 1310/ 1550 nm.
.3 Graded-index glass.
4  Gel-filled, loose-buffer construction.
.5 Attenuation: 0.5/0.5 dB/km @ 1,310/ 1,550 nm.
.6 Numerical aperture: 0.275.
.7 Strength member: Kevlar.
.8 Pulling tension: 2000 N.

.9 Jacket: PVC.
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.10 FT6 rating outer jacket.
.11 Type: Plenum Rated Cable.

.2 Break-out cables and jumpers shall be tight-buffer construction. Jumper cables shall be
supplied as factory assembled units.

.3 Fibre Optic connectors shall be oven-cure aluminum/ceramic LC type.
.8 Fibre-Optic Multi-Mode Cable:
.1 Cable to conform with the following:
.1 ANSI X3.166.

.2 Minimum  ANSI/TIA/EIA-492-AAAC  designation.  ANSI/TIA/EIA-492-AAAD
designation may be used only when required for distance and bandwidth.

.3 50/125 Tm core/cladding.

4 Dual-mode OMS3, 850/1300 nm.

.5 Graded-index glass.

.6 Gel-filled, loose-buffer construction.

.7 Spiral interlocked armour.

.8 Bandwidth: 1500/500 MHz-km @ 850/1,300 nm.
.9 Attenuation: 3.25/1.0 dB/km @ 850/1,300 nm.
.10 Numerical aperture: 0.275.

.11 Strength member: Kevlar.

.12 Pulling tension: 2,000 N.

.13 Jacket: Polyethylene

.2 Break-out cables and jumpers shall be tight-buffer construction. Jumper cables shall be
supplied as factory assembled units.

.3 Fibre Optic connectors shall be oven-cure aluminum/ceramic LC type.

4 All fibre terminations are to include buffer tube fan out Kkits, connectors,
termination/distribution panels, and wall mount enclosures.

.5 All cables shall be indoor/outdoor direct burial rated and rodent protected.
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3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.

.3 Do not make splices in any of the data cable runs. Where splices are required due to
available delivery lengths, obtain the approval of the designer prior to installing the cable.

iIN

Where splices are made to coaxial or twin-axial cables, use standard coaxial cable
connectors. Splices in fibre-optic cables shall be fusion type.

.5 Ground cable shields at one end only. Ground the shields at the marshalling panel.
.6 Protect all cables against moisture during and after installation.
.7 Install Ethernet cable in accordance with ANSI/TIA-568-C.2. Install cabling in conduit.

.8 Install armored Ethernet cable in accordance with ANSI/TIA-568-C.2. Attach cabling to walls
and ceilings with PVC clamps with clamp backs at 1.2 m intervals or in cable tray.

.9 Install fibre-optic cable in conduit or cable tray raceways. For conduit installations, provide
pull boxes at 50 m maximum spacing. Coil sufficient cable for loop to reach floor at box
location, but not less than 6 m. Pull box shall be not less than 600 by 600 by 200 mm size.
Conduits shall enter sides of pull box at approximately 100 mm from top of box. Identify
cables in accordance with Section 16010 at entrance and exit to box.

.10 Conductor Terminations:

.1 Terminate shields of any cable operating at over 20 kHz with radial connector; pigtails
not permitted.

.2 Provide tool-crimp N-connectors at coaxial cable terminations except trunk runs.

.3 Provide tool-crimp TRN connectors at twin-axial cable terminations.

4 Terminate fibres of fibre-optic cables with break-out kit and ST-type connectors in
cross-connect panels. Provide sufficient jumpers to cross connect all cores at each
cross-connect panel.

.11 Service Conditions:

.1 Except for installation solely within air-conditioned control rooms, cables shall be
suitable for the following:

.1 Installation in raceways, trays, or attached directly to structural surfaces.

.2 Exposure to direct sunlight.
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.3 Continuous submersion in water.

END OF SECTION
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1.1

1.2

1.3

14

2,

21

GENERAL

Summary

A

This Section specifies supply and installation of junction boxes, splitters, and pull boxes.

Standards

A

CSA C22.2 No. 40 — Cut-out, Junction and Pull boxes.

.2 CSA C22.2 No. 76 — Splitters.

DEFINITIONS

.1 Junction Box: A box where conductors are spliced without terminal blocks, boxes are not
scheduled on drawings or tagged in field.

.2 Terminal Box: A box containing terminal blocks to connect conductors, boxes are scheduled
on drawings and tagged per WWD Identification Standard for instrumentation and electrical
circuits respectively.

.3 Pull Box: A box used to ease the pulling of conductors to be a through-pull or a T or X
conduit connection, but no splicing of conductors is being done. Generally, not scheduled on
drawings or tagged in field.

4 Cabinet: An enclosure containing electrical control components including relays, controllers
and the like or an enclosure with a large number of terminal blocks for the purpose of serving
as a marshalling point for a number of branch circuits. Scheduled on Drawings and tagged in
field.

.5 Splitter: An enclosure containing a splitter block or bus bars for the connection of a main
circuit.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
.2 Terminal block and component layout.
PRODUCTS

Manufacturers and Products

A

Catalogue numbers specified are for illustrating features and to establish the grade of quality
of the products specified in this Section and are taken from one manufacturer's product line.
Products from other listed manufacturers which have identical features and characteristics
are permitted.
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.2 Acceptable Manufacturers:
.1 Appleton.
.2 BEL Products.
.3 Crouse-Hinds.

.4 Hammond.

.5 Hoffman.
.6 Killark.
.7 Eurobex.

.8 Or approved equivalent.
2.2 Configuration, Components and Features
.1 Low Voltage Splitters:
.1 Comply to CSA C22.2 — No. 76.

.2 Stainless steel enclosure, welded corners and formed hinged cover suitable for locking
in closed position.

.3 Main and branch lugs or connection bars to match required size and number of
connecting conductors.

4 At least three spare terminals on each set of lugs in splitters.

.5 Use electrical splitters in controlled environments only (non-process areas).
.2 Junction Boxes:

.1 For outlet and conduit boxes refer to Section 16141.

.2 For below-grade or cast-in-concrete application, NEMA Type 4X, cast iron alloy body
and cover with neoprene gasket.

.1 Flanged with bolted cover.
.2 Acceptable Manufacturer:
.1 Crouse-Hinds Type WJB.
.2 Or approved equivalent.
.3 Flanged with bolted, checkered, flush sidewalk cover.

4 Acceptable Manufacturer:
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.1 Crouse-Hinds Type WJBF.
.2 Or approved equivalent.
.3 Terminal and Pull Boxes:
.1 Intended for surface mounting, except as otherwise shown or specified in final design.
.2 Weatherproof, Style WP1:
.1 Copper-free cast aluminum, NEMA Type 4.
.2 Hinged door if any one dimension exceeds 300 mm.

.3 Manufactured breather designed to maintain weatherproof classification of
enclosure.

4  When used as terminal box, equipped with mounting pan and terminal strip, to
Section 16160.

.5 Acceptable Product:
.1 Killark, Series DB.
.2 Or approved equivalent.
.3 Weatherproof, Style WP2:

.1 Same features as for Style WP1, except made of sheet aluminum, minimum
2.3 mm thick.

.2 Dripshield.
.3 Acceptable Product:
.1 Hammond Series 1418 N4 AL.
.2 Or approved equivalent.
4 Weather- and corrosion-proof, Style WP3:

.1 Same features as for Style WP1, except NEMA Type 4X enclosure, made of
Type 316 stainless steel.

.2 Acceptable Product:
.1 Hoffman Series A*SS6LP.
.2 Or approved equivalent.

.5 Weather- and corrosion-proof, Style WP4:



RFP No. 659-2018B Section 16131

The City of Winnipeg Page 4 of 6

NEWPCC Upgrade: Headworks Facilities March 2020
JUNCTION BOXES, SPLITTERS, AND PULL BOXES

.1 Same features as for Style WP1, except non-metallic, NEMA Type 4X fibreglass
enclosure.

.2 Quick-release latches.
.3 Acceptable Product:
.1 Hammond Series PJ.
.2  Or approved equivalent.
.6 Indoor Dry Location, Style GP5:
.1 Welded steel or aluminum NEMA Type 12 enclosure.

.2 Hinged cover with quick-release latch or automotive handle, for enclosures which
exceed 300 mm in width or height.

.3 Acceptable Product:
.1 Hammond Series 1414PH/1418.
.2 Or approved equivalent.
.7 Watertight, Style WT:
.1 Same as weatherproof styles WP1 to WP 4, except without breather.
.8  Explosion-proof, Style XP:

.1 Same features as for Style WP1, except, in addition to being weatherproof, also
suitable for the hazardous location shown or specified.

.2 Acceptable Manufacturer:
.1 Crouse-Hinds Type EJB.
.2 Or approved equivalent.
4 Cabinets:
.1 Intended for surface mounting, except as otherwise shown or specified in final design.
.2 Single- or double-door construction with stainless steel full-length hinge.

.3 Minimum standard: formed and welded NEMA Type 12 construction, of minimum
1.8 mm thick sheet steel, with automotive door handle.

4 For process and outdoor areas and below grade valve chambers: formed and welded
NEMA Type 4 construction of minimum 2 mm thick sheet aluminum, with stainless steel
door clamps.
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.5 Full size equipment mounting pan of formed sheet metal.
.6 Acceptable Manufacturers:
.1 Hammond Series 1418 and 1418 N4 AL, for Type 12 and Type 4 respectively.
.2 Or approved equivalent.
.5 Equipment Mounting Hardware:

.1 Mounting straps, brackets and fastening hardware designed for the installation of
terminal blocks.

.2 Welded studs in sheet metal enclosures to avoid penetration of enclosure walls.

.3 Raised cast bosses in cast metal enclosures, drilled and tapped, for hardware
installation.

3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer’'s recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
.3 Splitter Installation:
.1 Install splitters and mount plumb, true and square to the building lines.

.2 Extend splitters full length of equipment arrangement except where indicated otherwise
in final design.

4 Junction, Pull Boxes and Cabinet Installation:
.1 Install pull boxes in inconspicuous but accessible locations.

.2 Mount cabinets with top not higher than 2 m above finished floor, coordinated with other
equipment and items including masonry, panel boards, and fire hose cabinets.

.3 Install terminal blocks using mounting straps and hardware designed for this purpose.

4 Install pull boxes so as not to exceed length of conduit runs as specified in Section
16106.

.5 Minimum standard in Process Areas and below grade locations is NEMA Type 4.
.6 Install a breather in locations of high humidity and changing temperature conditions.

.7 Where boxes terminate conduits at interior walls below grade elevation, provide a drain
hole in the bottom of the box suitable for accumulated moisture drainage.
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END OF SECTION
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1.1

1.2

1.3

21

2.2

GENERAL

Summary

.1 This Section specifies supply and installation of outlet boxes, receptacles and switches.
Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
Standards
.1 CSA C22.1-Canadian Electrical Code, Part 1
PRODUCTS
Manufacturers and Products
.1 Catalogue numbers specified are for illustrating features and to establish the grade of quality
of the products of this Section. Products from other listed manufacturers which have identical
features and characteristics are permitted.
.2 Acceptable Manufacturers:
.1 Outlet and conduit boxes:
.1 Appleton.
.2 Crouse-Hinds.
3 Killark.
4 Or approved equivalent.
.2 Receptacles and switches:
.1 Bryant, Hubbell.
.2 Pass and Seymour.
.3 Or approved equivalent.
Performance and Design Criteria
.1 Colours:

.1 Colouring shall follow the WWD electrical design guide.
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23 Configuration, Components and Features

.1 Outlet and Conduit Boxes — General:

A

Boxes suitable for area classification shown or specified and except as further noted,
made of same material or to have same finish as connecting conduit where available.

Size boxes in accordance with CSA C22.1.

102 mm square or larger outlet boxes as required for special devices.

Pre-Gang, one piece boxes where wiring devices are grouped.

Sectional boxes are not permitted.

Blank cover plates for boxes without wiring devices.

Combination boxes with barriers where outlets for more than one system are grouped.

In areas where conduit or cable is surface run provide copper-free aluminum type FD
boxes.

In areas where EMT conduit is permitted, provide electro-galvanized pressed sheet
steel boxes.

.10 All outlets and switchboxes on drywall surfaces shall be flush mounted.

.2 Sheet Steel Outlet Boxes:

A

Electro-galvanized steel multi gang flush devices boxes for flush installation, minimum
size 102 mm x 54 mm x 48 mm. 102 mm square outlet boxes when more than one
conduit enters one side with extension and plaster rings.

102 mm square or octagonal outlet boxes for lighting fixture outlets.

102 mm square outlet boxes with extension and plaster rings for flush mounting devices
in finished walls.

.3 Outlet Boxes for Metal conduit:

A

2

Materials:

.1 Surface or recessed concealed type: Die formed steel, hot dip galvanized, 1.25
0z/sq. ft. minimum zinc coating.

.2 Surface mounting exposed: FS type, cast aluminum for threaded conduit, with
attached lugs, corrosion resistant two coats finish.

Components:

.1 Ceiling outlets, surface mounting, concealed:
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.1 102 mm square, depth 54 mm, Iberville 52171 series.
.2 119 mm square, depth 54 mm, Iberville 72171 series.
4 Outlets, concealed mounting in concrete:

.1 102 mm octagonal concrete rings, depth from 38 mm to 152 mm Iberville 54521 series
or approved equivalent.

.2 Wall boxes, concealed in concrete or masonry: for one and two gang applications: 102
mm square, 54 mm deep, 52171 series complete with suitable 52-C-49 series square
cornered raised tile wall cover for proper device and wall surface application. Masonry
boxes may be used for line voltage switching.

.3 Wall outlets, concealed non-masonry construction, with plaster finish: For one or two
gangs used with switches, receptacles, etc., use 54 mm deep Iberville 52171 series,
with matching plaster covers, depth to suit. Alternately, use 119 mm square boxes,
Iberville 72171 series and covers as required, or approved equivalent. (For more than
two gangs use solid boxes Iberville GSB series with GBC series cover, or special boxes
as required, or approved equivalent).

4 Wall outlets, surface, exposed mounting or used for outdoor outlets: One or more gang,
Crouse-Hinds FS series or FD series (or approved equivalent), condulet.

.5 Floor Outlets, concealed: Of a type adjustable after box secured, permanently
watertight concrete type, sheet steel, T & B #1963, or approved equivalent.

.6 Covers: Unless wiring devices and plates are mounted, provide blank, round canopy
covers to match boxes.

.5 Outlet Boxes for Rigid PVC Conduit
.1 Materials:
.1 Rigid PVC boxes and fittings: Un-plasticized PVC.
.2 Components:
.1 Floor boxes: Round with threaded hubs for threaded female connectors.
.6 Masonry Boxes

.1 Electro-galvanized steel masonry single and multi-gang boxes for devices flush
mounted in exposed block walls.

.7 Concrete Boxes:

.1 Electro-galvanized sheet steel concrete type boxes for flush mount in concrete with
matching extension and plaster rings.

.8 Conduit Boxes:
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.1 Cast FS or FD boxes with factory-threaded hubs and mounting feet for surface wiring of
devices.

.2 Fibreglass or RPVC boxes with factory-threaded hubs and mounting feet for locations
exposed to the elements, in corrosive areas, and in below grade pipe chambers.

.3 Cast metal boxes with suitable classification in hazardous locations.

.1 Crouse-Hinds Type GRFX.
.2 Or approved equivalent.
.9 Fittings — General:

.1 Suitable for area classification shown or specified in final design and except as further
noted made of same material or to have same finish as connecting conduit where
available.

.2 Bushing and connectors with nylon insulated throats.

.3 Knock-out fillers to prevent entry of foreign materials.

4 Use conduit outlet bodies for conduit up to 1% inch and pull boxes for larger conduits.

.5 Use double locknuts and insulated bushings on sheet metal boxes.

.10 Switches:

.1 15 A or 20 A, single- and double-pole, three- and four-way, and other variations
including key-operated switches and pilot lights.

.2 Use 20 A, 120/277 V press-switch type for wet and corrosive locations:
.1 Hubbell Series HBL1281.
.2 Or approved equivalent.

.3 For single-pole 120/277 V double-throw applications use:

A Hubbell Series HBL1381 for maintained contact and HBL1556 for momentary
contact.

.2 Or approved equivalent.
.11 U-Ground, Straight Blade Receptacles 15 A, 125 V:
.1 Use CSA type 5-15R, premium specification grade.
.2 For general use:

.1 Hubbell No. 5261 single or 5262 duplex receptacles with one-piece grounding
system, triple-wipe contacts, and break-off links for use as split receptacles.
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.2 Or approved equivalent.
.3 For wet and corrosive locations:
.1 Hubbell 52CM61 single or 52CM62 duplex receptacles.
.2 Or approved equivalent.
4  Forisolated ground applications:
.1 Hubbell IG-5261 for single receptacles or Hubbell 1G-5262 for duplex receptacles,
.2 Or approved equivalent.
.5 For ground fault circuit interrupter duplex receptacles, use:
.1 Hubbell GF5252-GRY.
.2 Or approved equivalent.
.12 U-Ground Straight Blade Receptacles Above 15 A:
.1 Same properties as for 15 A, 125 V type.
.2 Configuration as listed in CSA C22.1, Diagram 1.
.3 Limit straight blade receptacles to 30 A, 250 V.
4 Adhere to colour-coding as specified.
.5 For general process areas and sump pump receptacles, use
.1 20A T-slot (5-20R), corrosion-resistant, yellow Hubbell HBL53CM61.
.2 Or approved equivalent.
.13 Locking Type Receptacles Up To 250 V:
.1 Heavy duty, grounding-type, specification grade.
.2 Configuration as listed in CSA C22.1, Diagram 2.
.3 Limit this type of receptacle to 30 A, 250 V.
4 Adhere to colour-coding as specified.
.14 Pilot Lights:
.1 Foruse in conjunction with a lighting switch.

.2 LED pilot lights with red jewel lens.
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.15 Power Receptacles:

.1 Heavy duty, water-tight, circuit breaking pin and sleeve type with dedicated grounding
pin.

.2 Provide power receptacles for all requirements between 30 A up to 100 A and for all
requirements between 250 V to 600 V.

.3 Amperage and voltage as set out in the Final Design.

4 Copper-free cast aluminum back boxes, angle-style or with angle adaptors, as
applicable.

.5 Spring-loaded door with locking ring.

.6 Materials: non-metallic body, locking ring and door, brass pins and sleeves. Stainless
steel springs and hardware.

.7 Acceptable Products:

.1 Crouse-Hinds watertight pin and sleeve.
.2 Or approved equivalent.
.16 Safety Interlock Receptacles:

.1 With integral heavy-duty, horsepower-rated mechanical disconnect switch, interlocked
with receptacle in in a manner as to prevent insertion or removal of plug when switch is
not in the OFF position.

.2 Amperage and voltage per final design.

.3 Enclosure high-impact thermoplastic, rated NEMA 4X.

4 Receptacle pin and sleeve-type features as specified for Power Receptacles.

.5 Acceptable Product:

.1 Crouse-Hinds CW430M15W, 30 A, 600 VAC, 3 PH, 20 HP.
.2 Or approved equivalent.
.17 Quick Connectors and Receptacles:
.1 Connectors, straight-type, moulded to heavy duty cable, 1.8 m long.
.2 Receptacles, straight-type to match connector.

.3 3-pole and 5-pole models.

4 Acceptable Product:



RFP No. 659-2018B Section 16141

The City of Winnipeg Page 7 of 10

NEWPCC Upgrade: Headworks Facilities March 2020
OUTLET BOXES, RECEPTACLES AND SWITCHES

.1 Brad-Harrison/Woodhead.
.2 Or approved equivalent.
.18 Wiring Devices For Hazardous Locations:
.1 Devices shall be certified for the hazardous location.
.2 Switches use:
.1 Crouse-Hinds Type EFS and EFD.
.2 Or approved equivalent.
.3 Receptacles, up to 30 A, 250 V use:
.1 Crouse-Hinds Arktite Type CPS.
.2 Or approved equivalent.
.19 Plugs and Connectors:

.1 Use U-Ground, straight blade-type, corrosion-resistant nylon/polycarbonate body,
premium specification grade, with cord grip provision acceptable products

.1 Hubbell Series 5*CM66.
.2  Or approved equivalent

.2 Locking-type, as above, acceptable product:
.1 Hubbell Series CM-C.
.2 Or approved equivalent.

.3 Power plugs to match respective receptacles in material and pin configuration.
.1 Hubbell pin and sleeve series.
.2 Or approved equivalent.

.20 Cover Plates:
.1 Brushed stainless steel, min. 1 mm thickness, for flush-mounted devices.

.2 Sheet steel utility box cover plates with rounded edges for surface mounted utility
boxes.

.3 Copper-free, cast aluminum covers with neoprene gasket for FS-style boxes.

4 For weatherproof and corrosion-resistant switches:
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.1 Hubbell No. 17CM50.
.2 Or approved equivalent.
.5 For weatherproof switches where switch position is critical:
.1 lever-type cover, Scepter VSC.
.2 Or approved equivalent.
.6 For corrosion-resistant receptacles:
.1 Hubbell Series 52CM2.
.2 Or approved equivalent.
.7 For weatherproof receptacles:
.1 Cast aluminum with double lids, "cover self-closing" type, Hubbell Series 520*WO.
.2 Or approved equivalent.
.8  Provide multi-gang cover plates on multi-gang boxes.
.9 Plates for special ampere receptacles shall be stainless steel to suit the receptacles.

.10 Receptacles noted on the final design drawings with a ‘WP’ designation shall be
provided with:

.1 Hubbell No. 5222 flip-cap style cover plate suitable for wet locations.
.2  Or approved equivalent.
24 Identification

.1 For receptacles up to 250 V provide a Type 3 nameplate identifying fed from panel board
and circuit number.

.2 For receptacles above 250 V up to 600 V provide a Type 1A nameplate indicating the device
fed from MCC equipment number, and descriptor.

3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the Technical Requirements.

.3 Insure that there is insulation and vapour barrier behind boxes mounted in exterior walls, to
prevent condensation through boxes.
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4 Mount equipment in a straight line at a uniform mounting height, coordinated with other
equipment and materials. Where several devices are mounted in the same area, the devices
shall be vertically and horizontally aligned.

.5 For receptacles, colour of nameplate to match colour of receptacle except that for
receptacles with a dual function. Provide receptacle colour-coded with the prime function
and the nameplate colour-coded with the secondary function per WWD electrical design
guide.

.6 Test wiring devices for correct connections.

Outlet and Conduit Boxes:

A

Support boxes independently of connecting conduits.

.2 Fill boxes with paper, sponges, or foam to prevent entry of construction material.
Remove upon completion of Project.

.3 For flush installations mount outlets flush with finished wall using plaster rings to permit
wall finish to come within 6 mm of opening.

4 Adjust position of outlets in finished masonry walls to suit course lines. Coordinate
cutting of masonry walls to achieve neat openings for all boxes.

.5 Do not distort boxes during installation. If boxes are distorted, replace with new boxes.

.6 Install vapour barrier material to surround and seal all outlet boxes located on exterior
walls of building in finished areas. Maintain wall insulation.

.7 Outlets installed in party walls shall be offset by a minimum of one (1) stud space.

.8 Install neoprene gaskets on all cast boxes and fittings.

.9 Provide correct size of openings in boxes for conduit and cable connections. Reducing
washers are not allowed.

.10 Where boxes terminate conduits at interior walls below grade elevation, provide a drain
hole in the bottom of the box suitable for accumulated moisture drainage.

.8  Switches:

.1 Install single throw switches with handle in "UP" position when switch closed (ON).

.2 Install switches in gang type outlet box when more than one switch is required in same
location.

.3 Mount toggle switches at height required, and when not shown as specified in Section
16010.

4 Mount switches on the latch side of the doorway as close as possible to door frame

unless otherwise required by the Final Design.

.9 Receptacles:
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.1 Install receptacles in gang type outlet box when more than one (1) receptacle is
required in one (1) location.

.2 Mount receptacles vertically at height specified in Section 16010. Mount with ground
slot at bottom.

.3 Where split receptacle has one (1) portion switched, mount vertically and switch upper
portion.

.10 Cover Plates:
.1 Provide cover plates for all wiring devices.

.2 Protect stainless steel cover plate finish with paper or plastic film until painting and
other Work is finished.

.3 Install suitable common cover plates where wiring devices are grouped. Do not distort
plates by tightening screws excessively.

4 Do not use cover plates meant for flush outlet boxes on surface-mounted boxes.
.11 Quick Connectors and Receptacles:

.1 Use to connect 120 VAC power supply to instruments and to connect solenoid valves,
pressure switches, temperature switches, and the like.

.2 Select 3-pole and 5-pole type as set out in the Final Design.

.3 Typically, use the female component for the supply side and the male component for
the device shall be connected.

.12 Mount equipment in a straight line at a uniform mounting height, coordinated with other
equipment and materials.

END OF SECTION
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1. GENERAL
1.1 Summary

.1 This Section specifies the supply and installation of fastening and support systems for
cables, cable trays, raceways, and electrical equipment.

1.2 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
1.3 Standards
.1 Canadian Electrical Code (CEC) as adopted by the Province of Manitoba
2, PRODUCTS
21 Manufacturers and Products
.1 Catalogue numbers specified are for the purpose of illustrating features and to establish the
grade of quality of support systems. Products from other manufacturers listed that have
identical features and characteristics are permitted.
.2 Acceptable Manufacturers
.1 B-Line Systems Inc.
.2 CANSTRUT Products Ltd.
.3 Or approved equivalent.
2.2 Configuration, Components and Features

.1 Support and Framing Channels:

.1 Channel shall be U-shape with rolled edges for attachment of fastening nuts and
clamps.

.2 Single and factory-welded, multi-channel configuration.

.3 Extruded copper-free aluminum, Type 316 stainless steel, or fibreglass in corrosive
areas. Use like materials for supporting materials. Aluminium or steel shall be 41 x
41 mm, 2 mm thick.

.2 Framing Fittings and Hardware:

.1 Factory-made and finished, matching the support channels to form a complete system.
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3.

3.1

.3 Ceiling Hangers:
.1 ANSI Type 316 stainless steel, threaded rod hangers minimum 12 mm diameter.
.2 Straps or hangers of plumber's perforated banding are not permitted.
4 Beam Clamps:
.1 Factory-made and finished, designed for the live load to be supported.
.2 ANSI Type 316 stainless steel.
.5 Concrete and Masonry Anchors:
.1 Anchor bolts as specified in Section 05501.

EXECUTION

General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the Technical Requirements.

.3 Secure equipment to masonry, tile, and plaster surfaces with nylon shields.

4  Secure equipment to poured concrete with expandable inserts.

.5 Secure equipment to hollow masonry walls or suspended ceilings with toggle bolts.

.6 Secure surface-mounted equipment with twist clip fasteners to inverted T-bar ceilings.
T-bars shall be adequately supported to carry the weight of the equipment specified before
installation.

.7 Unless approved, wooden plugs, plastic inserts, or gunpowder-driven inserts are not
permitted as a base to secure conduit supports.

.8 Match support and framing channels to conduit and equipment it is used with; that is, use
aluminum channels for aluminum conduit and steel channels with steel conduit.

.9 Support equipment, conduit, or cables using clips, spring-loaded bolts, or cable clamps
designed as accessories to basic channel members.

.10 Fasten exposed conduit or cables to building construction or support system using straps as
specified in Section 16106.

.11 Use beam clamps to secure conduit to exposed steel work.

.12 Cables to be supported by cable channels or cable trays.
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A3

14

15

16

A7

18

19

.20

.21

22

.23

For surface mounting of two or more conduits use channels at spacing as specified in the
CEC.

Provide metal brackets, frames, hangers, clamps, and related types of support structures
where indicated or as required to support conduit and cable runs.

Raceways and cables dropped vertically to equipment where there is no wall support shall
be supported by other approved methods.

Do not use wire lashing or perforated strap to support or secure raceways or cables.

Aluminum supports shall not come into direct contact with concrete in process areas and in
all wet or moist areas, unless it is wrapped or coated.

Conduit and cable shall not be supported by supports or equipment installed by other trades
except with permission of the relevant trade and approval of the Engineer of Record.

Install fastenings and supports as required for each type of equipment cables and conduits,
and as specified in the manufacturer's installation recommendations.

Treat field cuts of galvanized framing members and hanger rods with zinc-rich primer.
Do not weld supports to structural members and do not cut or drill beams, joists, or structural
steel. Where welding has been permitted, treat welded area with rust-resistant primer and

finish paint.

Supports shall be securely fastened, and free from vibration and excessive deflection or
rotation. Deflections shall not exceed 4 mm over a 1 m span and 8 mm over a 2 m span.

Use round or pan head screws for fastening straps and boxes.

END OF SECTION
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1. GENERAL
11 Summary

.1 This Section specifies the supply and installation of alternating current induction motors,
0.125 kW (1/3 HP) and smaller. Motors larger than 1/3 HP are specified in 16223.

.2 Unless specified otherwise, electric motors shall be provided by the manufacturer of the
driven equipment, as an integral component of the driven equipment, as specified in Division
11 and Division 15. Conform to the requirements of Division 11.
1.2 Standards
.1 CSA C22.2 No. 100 - Motors and Generators.
.2 CSA C22.2 No. 145 - Motors and Generators for Use in Hazardous Locations.
.3 CSA C747 - Energy efficiency test methods for small motors.
4 NEMA Std. MG1 - Motors and Generators.
.5 |IEEE Std. 114 - IEEE Standard Test Procedure for Single-Phase Induction Motors.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Motor Data for each typical size or type of motor-driven equipment will be provided on
approved forms for the project.

.3 Overall dimensions of motor.

4 Shaft centreline to base dimension.

.5 Shaft extension diameter and keyway, coupling dimensions and details.
.6 Fixing support dimensions.

.7 Terminal box location and size of terminals.

.8 Arrangement and dimensions of accessories.

.9 Connection diagrams for power and control.

.10 Speed/torque characteristic.

.2 The submittals for this Section and the submittal for the equipment that is driven by the
motor shall be combined into one submittal.
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1.4 Quality Assurance

.1 Build motors as specified in CSA C22.2 No. 100, CSA C22.2 No. 145, NEMA Standard
MGH1, and to the requirements specified.

2, PRODUCTS

2.1 Manufacturers and Products

.1 Acceptable Manufacturers: Acceptable Manufacturers and Acceptable Products are listed
below. The manufacturer's standard product may require modification to conform to
specified requirements.

.2 Acceptable Manufacturers:

.1 Baldor.

.2 Bodine.

.3 US Motors.

4 Or approved equivalent.
2.2 Performance Criteria

.1 Exposure Classification:

A

The motor shall be suitable for the area classification.

2.3 Configuration, Components and Features

.1 General:

A

2

Motors shall have Class F insulation.

Provide copper rotor material and copper windings.

Motor nameplate shall be engraved or stamped Type 316 stainless steel, and shall
include information enumerated in NEMA Standard MG1, as applicable. Nameplates
shall be permanently fastened to the motor frame in a readily visible place.

Provide corrosion - resistant hardware.

Motors shall include integral overload and overheating protection per CSA Section 28 or
will include an external motor starter installed as required to provide overload and

overheating protection.

Motors shall include anti-condensation heater where appropriate, to minimize
condensation within the motor enclosure.

Provide motors with totally-enclosed fan-cooled TEFC or totally-enclosed non-ventilated
TENYV enclosures.
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.8 Provide explosion-proof motors marked or labeled for Class I, Zone 1, Group IIA
hazardous.

.9 Connection Boxes:
.1 Provide explosion-proof conduit box.
.2 Provide a grounding lug within the box for a cable or raceway ground connection.

.3 Boxes shall be designed to permit installation in any of four positions 90 degrees
apart.

4 Provide oversized boxes, a minimum of one size larger than standard.
.5 Connection box shall be copper-free aluminum for process areas
.2 Rating:

.1 Motors to be rated for operation at 115 VAC,1 phase 60 Hz, and continuous-time rated
in conformance with NEMA Standard MG1.

.2 For valve actuators and for special applications not available at 115 VAC or 208 VAC,
motors shall be rated for operation at 600 VAC/3 ph/60 Hz.

24 Finishes

.1 Corrosion-resistant epoxy finishes shall be applied to enclosure.
3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
.1 Test motor is functional, and rotation is correct.
.2 Measure running current and evaluate related to load conditions and nameplate full-

load amperage.

END OF SECTION
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1. GENERAL
11 Summary

.1 This Section specifies the supply and install of alternating current induction motors, 250 kW
or below, to be provided with the driven equipment.

.2 This Section does not apply to medium voltage (2300 V and greater) and specialty motors
including valve operator motors or torque rated motors.

.3 Unless specified otherwise, electric motors shall be provided by the manufacturer of the
driven equipment, as an integral component of the driven equipment, as specified in Division
11 and Division 15.

4 Motors shall be suitable for driving centrifugal pumps, fans, blowers, compressors, gears,
progressive cavity pumps or other loads fed via VFDs or connected across-the-line.

1.2 Standards
.1 CSA C22.2 No. 100 - Motors and Generators.
.2 CSA C22.2 No. 145 - Motors and Generators for Use in Hazardous Locations.
.3 CSA C390 - Energy Efficient Test Methods for Three Phase Induction Motors.
4 EEMAC M1-7 - Motors and Generators.
.5 NEMA Std. MG1 - Motors and Generators.
.6 IEEE 112 - Polyphase Induction Motors and Generators - Testing.
.7 IEEE 114 - Single Phase Induction Motors - Testing.
.8  WWD - Electrical Design Guideline
.9 Manitoba Hydro Power Smart Program.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Motor Data for each typical size or type of motor-driven equipment will be provided on
approved forms for the project.

.3 Overall dimensions of motor.
.4 Shaft centreline to base dimension.

.5 Shaft extension diameter and keyway, coupling dimensions and details.
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.6 Fixing support dimensions.

.7 Terminal box location and size of terminals.
.8 Arrangement and dimensions of accessories.
.9 Connection diagrams for power and control.
.10 Speed/torque characteristic.

.2 The submittals for this Section and the submittal for the equipment that is driven by the
motor shall be combined into one submittal.

1.4 Quality Assurance

.1 Build motors in accordance with CSA C22.2 No. 100, CSA C22.2 No. 145, NEMA Standard
MGH1, and to the requirements specified.

.2 Motors shall meet or exceed the efficiencies per CSA C390-10 table 2 (energy efficient) or
table 3 (premium efficiency) depending on their final design.

2. PRODUCTS
21 Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Baldor
.2 General Electric.
.3 Toshiba.

4  TECO Westinghouse (Canada).

.5 Siemens.
.6 U.S. Electric.
.7 ABB.

.8  Flygt (for submersible pump motors only).
.9  Or approved equivalent.
2.2 Performance Criteria
.1 Exposure Classification:

.1 The motor shall be suitable for the area classification.
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2.3 Materials

.1 Unless specified otherwise, provide all motors with:

A

2

3

4

Frame: Cast iron.
Fan blades and shrouds: Cast metal.
Hardware: Stainless steel.

Windings: Non-hygroscopic.

24 Configuration, Components and Features

.1 Bearings:

A

2

Provide sealed ball bearing type on motors less than 37.5 kW.

Bearings on 37.5 kW motors or larger to be greaseable ball bearing type, rated for a
minimum L-10 life of 100,000 hours at the ambient temperature specified herein.

Provide oversized, diagonally-split, gasketted, NEMA 4 terminal boxes complete with
threaded hub for cable entry for ODP and TEFC motors.

Provide oversized, diagonally-split, gasketted NEMA 7 terminal boxes complete with
threaded hub for cable entry for explosion-proof motors.

Conductors in terminal boxes shall be connected to R90 compression connectors.
Provide a ground connection and lifting eyes or lugs.

Motors shall be aligned and balanced with the related equipment in the shop to
minimize vibration and undue stresses.

Where specified, equip motors with anti-condensation heaters suitable for connection to
120 V 1 phase 60 Hz.

Current Imbalance:

.1 Do not exceed the current imbalance listed below when the motor is operating at
any load within its service factor rating and is supplied by a balanced voltage
system:

.1 Smaller than 3.75 kW: 25 percent.
.2 3.75kW and larger: 10 percent.

.2 Base imbalance criteria upon the lowest value measured.

.10 Winding Over Temperature Protection:

.1 Provide stator winding over-temperature protection on all motors rated 45 kW and
larger. Motors rated less than 45 kW shall have stator winding over-temperature
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protection when required by the specific equipment specification section or if
recommended by the driven-equipment manufacturer.

.2 Over-temperature protection for motors rated 45 kW and larger and other motors,
where specified, to be NEMA MG1-12.53, Type 1, winding running and locked
rotor over-temperature protection. One detector per phase shall be provided.
Detectors shall be positive thermal protection (PTC) thermistor type, with leads
brought out to a terminal strip in a NEMA 4X enclosure in Type 2 motors and a
NEMA 7C or 9 enclosures for Type 3 motors.

.3 If required, use Siemens thermistor relay or approved equivalent.
4 For submersible motors refer to clause 2.4.7.
.2 High Efficiency Motors:
.1 Motors shall be rated Premium Efficiency as defined in NEMA MG-1.

.2 Design high efficiency horizontal motors to meet or exceed the minimum
Manitoba Hydro Power Smart Program qualifying efficiency (not base efficiency)
applicable.

.3 Motors 0.375 kW to 150 kW
.1 General

.1 Motors shall be 3-phase, squirrel-cage, full-voltage start, high efficiency induction
type.

.2 Rating

.1 Motors intended for continuous service shall be heavy-duty, high-efficiency, TEFC
unless specified otherwise required by the Final Design.

.2 Provide squirrel cage induction type, with a service factor of 1.15 at 40°C ambient,
Class F insulation and non-hygroscopic windings unless otherwise required by the
Final Design, Class B temperature rise.

.3 Motors shall be suitable for full-voltage starting. Voltage tolerance shall meet the
American National Standards Institute (ANSI) C84.1-1982[2] or to be +10% to -
10% of nameplate voltage.

4 Motor voltage rating per WWD electrical design guide table 7.1 unless otherwise
required by the Final Design.

.5 Provide motors of sufficient capacity to operate the driven load and associated
devices under all specified operating conditions without overloading.

.1 Motors shall not deliver more than 85 percent of the motor's
service factor rating by any load imposed by the driven
machine at any specified operating condition or any condition
imposed by the driven machine's performance curve at
maximum operating speed.
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.3 Enclosure and Insulation:

.1 Classify motors as:

A

Type 1 (General Duty).

.2 Type 2 (Process).

.3 Type 3 (Explosion-proof).

.2 Enclosures and insulation systems are specified in this Section. Temperature rise
for all motor types shall not exceed that permitted by Note Il, paragraph 12.42,

NEMA MG1.

.3 Insulation to be non-hygroscopic.

A

.4 Motors for VFDs:

Type 1: Unless specified otherwise in final design, TEFC
enclosures with Class F insulation.

Type 2: TEFC with Class F insulation, suitable for moist and
corrosive environment. Motors rated 7.5 kW and larger shall
have Class F insulation with Class B temperature rise. All
internal surfaces shall be coated with an epoxy paint.
Aluminum frame motors shall not be permitted. Steel frame
motors shall be permitted for motors with frames 184 and
smaller.

Type 3: rated for operation in a Class 1, Zone 1, Group IIA
hazardous location in accordance with CSA C22.1 and Section
16010. The motor shall have a Class F insulation. Steel frame
motors shall not be permitted. A CSA approved breather-drain
device shall be provided in the motor drain hole.

.1 The motor shall be inverter duty rated for VFD applications and will comply with NEMA
MG-1 Part 31 for insulation.

A

The motor shall have a service factor rating of 1.15 for
sinusoidal 60Hz; service factor of 1.0 when operated from a
VFD.

Motors shall be capable of withstanding pulse-width modulated
(PWM) wave shapes from VFD with peak phase-to-phase
motor stator overvoltage.

.2 Motors shall be inverter duty and shall be compatible with the characteristics of the

intended VFDs.

.3 Use Type 2 or Type 3 motors.

4 Motors shall have adequate cooling capacity when operating through the entire speed

range of the drive.
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a7

For constant torque applications provide inverter duty motors with winding over-
temperature protection.

Motors larger than 150 kW shall have an insulated bearing on the non-driven end
(NDE).

If required, use Siemens thermistor relay or approved equivalent.

.5 Vertical Motors:

A

Provide full-voltage vertical motors with a Type P base specifically designed for vertical
installation.

Universal position motors shall not be permitted.
Provide vertical motors with solid shafts.

Provide thrust bearing rating compatible with the loads imposed by the equipment

.6 Two-speed Motors:

A

2

Provide two-speed motors with separate windings.

Single-winding two-speed motors shall not be permitted.

.7 Submersible Pump Motors:

A

10

Provide induction type motor with a squirrel cage rotor, shell type design, NEMA B type,
rated for 575V, 3 phase, 60 Hz and 115V, 1 phase, 60 Hz for 0.75 kW and smaller.

Housed in an air-filled watertight chamber.

Winding insulation shall be moisture resistant Class F rated for 155°C.

Design the motor for continuous duty handling pumped media of 40°C.

Motor shall be capable of up to fifteen (15) evenly spaced starts per hour.

Provide thermal switches embedded in the stator coils to monitor the temperature of
each phase winding. Thermal switches shall be set to open at 125°C. Switches shall

reset automatically after motor cools.

Use the thermal switches in conjunction with and supplemental to external thermal
motor overload protection.

Provide Type 3 motors.
Provide the combined service factor (combined effect of voltage, frequency).

Design the motor for 40°C ambient temperature with a temperature rise not to exceed
80°C.
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1

12

A3

14

15

16

2.5 Finishes

Provide motor with power and monitoring cables with oil-resistant chloroprene rubber of
sufficient length to reach the wall-mounted disconnect switch and control station, when
required.

Single-phase pumps shall be complete with one adjustable float switch permitting
automatic start. The pumps will stop when a user adjustable timer elapsed or default
timer which will be based on the calculation how long will it take to reach the pump stop
level when pump is running.

Provide shielded monitoring cables for variable frequency driven motors.

The motor and cable shall be capable of continuous submergence under water without
loss of watertight integrity to a depth of 20 m.

Motor shall be sufficiently cooled by the surrounding environment and pumped media.

The motor power shall be adequate so that the pump does not overload the motor
throughout the entire pump performance curve from shut-off to run-out.

.1 Provide motor finishes in accordance with Section 16010.

2.6 Identification

.1 Nameplates:

A

2

3

Provide motor nameplates on engraved or stamped stainless steel. Include information
specified in NEMA Standard MG1, paragraph 10.37, 10.38 or 20.60, as applicable.

Additionally, indicate:
.1 The ABMA L-10 rated life for the motor bearings for motors 50 HP and larger.
.2 The nominal efficiency for all motors.

.3 Class, zone, group, and UL frame temperature limit code for explosion-proof
motors.

4 Motor application (e.g. Inverter-duty);
.5 Speed range over which the machine is designed to operate;

.6 Type of torque application for which the machine is designed e.g. VT (variable
torque), CT (constant torque), CHp (constant horsepower) or equivalent;

.7 Type of inverter it is designed for e.g. PWM (pulse width modulated)

Permanently fasten nameplates in a readily visible position on the motor frame.
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3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the Technical Requirements.
.3 Motor Installation:

.1 Dry out motor if dampness present, in accordance with manufacturer's
recommendations.

.2 Provide connections as indicated in the design builder final design. Use liquid-tight PVC
jacketed flexible conduit between rigid conduit and motor.

.3 Provide flexible conduit long enough to permit movement of motor over entire length of
slide rails, when applicable.

4 Check for correct direction of rotation, with motor uncoupled from driven equipment.
.5 Align and couple motor to driven machinery to manufacturer’s instructions, using only

correct parts including couplings, belts, sheaves, as provided by manufacturer.

END OF SECTION
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1. GENERAL
11 Summary

.1 This section specifies the supply and installation of alternating current induction motors,
250kW and above, to be provided with the driven equipment.

.2 Provide motor for starting and accelerating the driven load up to a maximum speed and for
developing sufficient torque to fulfil the acceleration and deceleration requirements as well
as the steady state requirements of the driven load without exceeding the normal operating
limits of the system.

.3 Provide inverter-ready motor, which to be driven by a VFD. Refer to Section 16229 for VFD
specification.

4 Provide motor operating at the voltage and frequency required to meet the operating
requirements of the driven load without exceeding the temperature limits of the motor.

.5 Motors shall be suitable for driving centrifugal pumps, fans, blowers, compressors, gears,
progressive cavity pumps or other loads fed via variable frequency drives or connected
across-the-line.

1.2 Standards

.1 CSA C22.2 No. 100 - Motors and Generators.

.2 CSA C22.2 No. 145 - Motors and Generators for Use in Hazardous Locations.

.3 CSA C390 - Energy Efficient Test Methods for Three Phase Induction Motors.

4 EEMAC M1-7 - Motors and Generators.

.5 EEMAC M2-1 - Lead Marking and Connections for Single Phase and Poly Phase Induction
Motors.

.6 NEMA Std. MG1 - Motors and Generators.
.7 |EEE 112 - Polyphase Induction Motors and Generators - Testing.
.8 WWD - Electrical Design Guide
.9 Manitoba Hydro Power Smart Program.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
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10

1

12

A3

14

15

16

A7

.18

19

.20

.21

22

.23

24

.25

Motor Data for each typical size or type of motor-driven equipment will be provided on
approved forms for the project Submit the efficiency and power factor information at 100

and 75 percent load for each motor size and type required.

Submit the uncorrected motor power factor for the 25, 50, 75, and 100 percent of the
motor load. Indicate the maximum to which the motor power factor can be corrected,
and the KVAR required to accomplish this correction by means of capacitors. The

power factor correction to be recommended by the motor manufacturer.
Submit number of permitted starts per hour for this application.

Motor overhaul instructions with winding data and renewal parts.
Parts list including manufacturer part number, and generic description.
Motor damage curve.

Overall dimensions of motor.

Complete erection and installation procedures.

Shaft centreline to base dimension.

Shaft extension diameter and keyway, coupling dimensions and details.
Fixing support dimensions.

Terminal box locations and size of terminals.

Arrangement and dimensions of accessories.

Connection diagram for power and control.

Speed/torque characteristic.

Weight of motor.

Rotation direction.

Terminal leads marking.

Bearing data (including part numbers).

Recommended lubricant.

Space heater rating including wattage, voltage, and phase.

Design ambient temperature.

The ABMA L-10 rated life for the motor bearings.

The nominal efficiency for the motor.
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.2 Provide all product data and incorporate into the Operations Manual and Maintenance
Manual as specified in Appendix 18F.

14 Quality Assurance

.1 Build motors in accordance with CSA C22.2 No. 100, CSA C22.2 No. 145, NEMA Standard
MGH1, and to the requirements specified.

.2 Motors shall meet or exceed the efficiencies per CSA C390-10 table 2 (energy efficient) or
table 3 (premium efficiency) depending on their design.

2, PRODUCTS
21 Manufacturers
.1 Acceptable Manufacturers:
.1 Baldor
.2 General Electric.
.3 Toshiba.
4 TECO Westinghouse (Canada).
.5 Siemens.
.6 U.S. Electric.
.7 ABB.
.8 Or approved equivalent.
2.2 Performance Criteria
.1 Exposure Classification:
.1 The motor shall be suitable for the area classification.
2.3 Configuration, Components and Features
.1 Motor:
.1 The motors shall be TEFC.
.2 Motors shall be rated Premium Efficiency as defined in NEMA MG-1.

.3 The motor shall be inverter duty rated for VFD applications and will comply with NEMA
MG-1 Part 31 for insulation.

.1 The motor shall have a service factor rating of 1.15 for sinusoidal 60Hz; service
factor of 1.0 when operated from a VFD.
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10

A1

12

A3

.2 Motors shall be capable of withstanding pulse-width modulated (PWM) wave
shapes from VFD with peak phase-to-phase motor stator overvoltage.

Motors shall be suitable for full-voltage starting. Voltage tolerance shall meet the
American National Standards Institute (ANSI) C84.1-1982[2] or to be +10% to -10% of
nameplate voltage. Motors with a service factor of 1.15 shall be designed to operate
their driven equipment at a service factor of 1.0.

Motors shall have the ability to endure the minimum voltage and frequency, and
capable of number of starts per hour specified by NEMA MG1 Standards. The number
of starts per hour for VFD-driven motors shall not be less than 4. The nameplate shall
explicitly indicate the manufacturer's starting frequency limits.

Provide motors of sufficient capacity to operate the driven load and associated devices
under all specified operating conditions without overloading.

.1 Motors for variable frequency systems shall not deliver more than 85 percent of the
motor's service factor rating by any load imposed by the driven machine at any
specified operating condition or any condition imposed by the driven machine's
performance curve at maximum operating speed.

Load: variable torque. Coordinate with Division 11 for load requirements.
Motor operating speed range: refer to detailed pump specifications in final design.
Pump motors shall be suitable for operation for a minimum of 8000 hr/yr

Stator laminations shall be fully processed steel. Each lamination surface shall be given
the necessary treatment so as to have core plate type C-5 insulation.

Provide motor operating at the voltage and frequency required to meet the operating
requirements of the driven load without exceeding the temperature limits of the motor.

The actual power rating of the motor to be determined by the Final Design based on the
optimal pole configuration of the motor and the pump/system curves provided in
Division 11.

Insulation

.1 Insulation: Class F insulation with Class B temperature rise for service factor
operation, suitable for moist and corrosive environments.

.2 Stator windings shall be form-wound of rectangular copper magnet wire and with
moisture- and chemical-resistant insulants suitable for operation indoors in a
wastewater pumping station. Each coil shall be insulated with mica bearing tape
prior to insertion. Coil extensions shall be blocked and braced to minimize
movement during normal starting and running conditions at full-rated voltage.

.3 The insulation system shall be minimum Class F all non-hygroscopic materials

4 The following temperatures (Class F or better) shall not be exceeded at full load, at
40°C ambient temperatures and at any speed within the specified speed range:
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14

15

.1 Maximum hot spot total temperature: 155°C
.2 Maximum hot spot temperature rise: 115°C
.3 Maximum total temperature by resistance: 140°C
4 Maximum temperature rise by resistance: 100°C

.5 The above maximum temperatures shall be guaranteed for any winding. Higher
temperatures shall not permitted.

.6 The internal motor leads shall be rated to at least the same temperature class as
the winding insulation. Leads shall be oversized, flexible, tinned copper, silicone or
neoprene insulated with non-wicking glass-fibre braid and brought out through a
neoprene shield.

Rotor shall have copper rotor bar and fully swaged-in rotor slots. End ring shall be
made of one piece and brazed to rotor bars with greater than 35 percent silver solder
content.

Provide a ground connection and lifting eyes or lugs.

.2 Bearings:

A

8

9

Bearings shall be of type and size sufficient to satisfy thrust loading requirements for
each motor in accordance with manufacturer’s standard design. Bearings to be rated for
AMBA in service L-10 life of 100,000 hours

Bearings shall be oil lubricated.

Provide insulated motor bearings and grounding brush or strap across one motor
bearing to prevent bearing damage from circulating shaft currents.

Motors shall be designed and constructed with thrust bearings on top to allow
inspection and/or replacement without requiring complete disassembly of motor.

All bearings shall be capable of being lubricated while running and fitted with hydraulic
lubrication grease nipple fittings and extension tubes.

All motors shall be fitted with bearing housings complete with grease relief valves
suitable for grease purging.

The lubrication system shall positively displace all used grease from the bearings to the
outside of the rotating equipment.

The bearings shall be suitable for housing at standstill.

All motors shall be fitted with internal bearing caps.

.10 Insulated bearing on the non-driven end (NDE) shall be provided

.3 Terminal Box:
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All motors shall be supplied with NEMA Type Il heavy duty terminal box.

The box shall be made of heavy-duty fabricated steel and complete with neoprene
gasketed cover(s) and waterproof connections to the motor body.

Separate termination boxes shall be supplied for the motor leads, RTDs and vibration
transducers, and stator heater.

The internal motor leads shall be identified with designations T1, T2, T3, such that the
motor will run counter-clockwise, viewed from the non-drive end, when connected to
Phase A, B, and C respectively, with phase sequence A-B-C. Motor lead wire shall be
rated 145°C and for 120 percent of the motor nameplate FLA.

The motor leads and terminal box shall be suitable for terminating per cable specified in
final design or at minimum 1-3C2/0 AWG 5 kV, 133 percent insulated, shielded
HVTECK 90 copper cable, including space for stress cones. Supply Burndy
compression lugs for motor feeder cables.

A brass stud with two nuts shall be provided inside the terminal box for grounding of
cables.

In addition, a drilled and tapped hole shall be provided in motor frame (outside terminal
box, near foot of motor) suitable for connection of 6 AWG bare equipment ground
conductor.

Install conduit or cable entry from either side of box or the bottom. Provide a removable
gasketed gland plate for the box.

Terminal box for power cables shall be equipped with infrared inspection window with
guard cover, minimum diameter 75 mm.

4 Dynamic Balance:

A

All equipment must meet the balance specification stipulated in ISO 1940 - Mechanical
Vibration - Balance Quality requirements for rotors in a constant (rigid) state.

All equipment must meet at a minimum G2.5 Balance Quality Grade, as specified in the
standard.

All equipment will have key length(s) as specified by ISO 8821 - Mechanical vibration -
Balancing - Shaft and fitment key convention.

.5 Motor Cooling:

A

The motor manufacturer shall certify that the motor is adequately cooled when
operating within the specified speed range.

Preference shall be given to motors that do not require supplemental cooling. However,
if required, the motor may be provided with a supplemental cooling system

Provide a dedicated terminal box for the cooling fan connection.
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.6 Motor Space Heaters:

.1 Provide anti-condensation heater(s) for the motor, rated and sized for continuous
operation when the motor is de-energized, to hold the internal temperature 10°C above
ambient temperature.

.2 All control (i.e. heater contactor, over-current protection, and the ON/OFF control) and
required power supply to be provided, supplied with and incorporated in the operation of
the VFD.

.3 Servicing or replacing space heaters to be accomplished without totally disassembling
the motors.

4 Provide a dedicated terminal box for the anti-condensation heater(s) connection.
.7 Motor Protection
.1 Coordinate with VFD manufacturer/ supplier by providing required controls, power
supply and protection such as starting current, over-current protection and overloads
information so it can be incorporated in VFD operation.
.8 Thermal Protection:
.1 The motor bearings and each motor winding phase shall be equipped with a tip
sensitive, 3-wire, and 100 ohm at 0°C platinum resistance temperature detector (RTD).
Motor windings shall be furnished with two (2) RTDs per phase embedded in the stator
winding. Each RTD shall be connected to the condition monitoring system in local
temperature and vibration monitoring control panel. Refer to Section 17923.

.2 Provide a dedicated junction box for the RTDs connection.

.3 Temperature monitoring to be incorporated in the VFD control as described in
Sections 16229.

.9 Vibration Protection:

.1 Motors shall be equipped with a vibration monitoring system as specified in Section
17923.

.2 Vibration monitoring shall be incorporated into the VFD control as specified in Section
16229.

.3 Ethernet/IP shall be provided to monitor all supervised temperature and vibration
monitoring points.

.10 Mounting:
.1 The motor shall be supplied integrally with the related equipment.

.2 The motor shall be factory mounted and aligned and balanced with the related
equipment to minimize vibration and stresses.
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24 Finishes
.1 Protective coating and painting:
.1 The motor shall be factory painted.
.2 Provide at least 1 L of finish coat per motor for field touch-up painting.
25 Identification
.1 Nameplates:
.1 Assign an identification number to each motor. After finish painting a motor, the
manufacturer shall affix permanently on its frame in a readily visible place a stainless-

steel plate with the motor number stamped in numbers a minimum of 10 mm high.

.2 Motors shall not be fitted with directional arrow nameplates or nameplates designating
the service description.

.3 The main motor nameplate shall be Type 316 stainless steel and secured with a
minimum of four (4) stainless steel drive pins. The text shall be raised letters; etched or
silk-screened nameplates shall not be permitted. The nameplate shall include the
following information in addition to that noted in Section 10.40 of NEMA MG 1 1998:

.1 Model, frame and serial number.

.2 Manufacture date (month and year).

.3 Nominal full LOAD and 75 percent load efficiency.
4 Full load power factor.

.5 Rated output power.

.6 Service factor.

.7 Rated speed range over which the machine is designed to operate.
.8 Rated voltage.

.9 Full load amps.

.10 Service factor amps.

.11 Number of starts per hour (hot and cold) permitted.

.12 Insulation, class and temperature rise at FL current.

.13 type of torque application for which the machine is designed e.g. VT (variable
torque), CT (constant torque), CHp (constant horsepower) or equivalent

.14 Motor application
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.15 Type of inverter it is design for e.g. PWM
.16 Bearing SKF designations.
.17 Winding resistance at 25°C
.18 Weight in kg.
3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
.3 Motor Test:
.1 Each motor shall be subjected to a standard production test in accordance with the
Institute of Electrical and Electronic Engineers (IEEE) 112A and EEMAC 1-20.46 and
1-20.47 and in accordance with the NEMA MG1 routine test before shipping from
factory including:
.1 No-load current.
.2 No-load watts.
.3 Current balance.
4 Winding resistance.
.5 High potential.
.6 Locked-rotor current.

.7 Vibration.

.2 All motors will be tested in factory before shipment. A report on the factory tests shall be
provided and will include details of tests undertaken and the test results.

.3 The test report shall be certified by the equipment manufacturer and to be submitted.
4 Motor Installation:

.1 Dry out motor if dampness present, in accordance with Manufacturer's
recommendations.

.2 The motor shall be properly installed to provide satisfactory service.

.3 Install all connections for equipment. Use liquid-tight PVC jacketed flexible conduit
between rigid conduit and motor.
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4 Make flexible conduit long enough to permit movement of motor over entire length of
slide rails, when applicable.

.5 Check for correct direction of rotation, with motor uncoupled from driven equipment.
.6 Align and couple motor to driven machine in accordance with manufacturer’s

instructions, using only correct parts including couplings, belts, sheaves, as provided by
manufacturer.

END OF SECTION
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1. GENERAL
11 Summary

1.2

1.3

14

21

2.2

.1 This Section covers work related to Section 16010 for the provision of motor control centres.
Standards

.1 WWD Electrical Design Guide in Appendix 18D — City Standards

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

Quality Assurance

.1 The following terms are used for describing quality assurance and testing requirements:
.1 Shop Tests: testing of assembled system prior to it shipping to site.

.2  Site acceptance tests: testing of installed system prior to, or as part of, the start-up
phase.

.3 Factory Acceptance Tests: operation, programming, configuration and testing of
assembled system shall be witnessed by City and performed at the manufacturer’s
factory prior to shipping equipment to site.

.2 City reserves the right to witness the final shop tests. Notify designers and City in writing a
minimum of seven (7) Business Days in advance of the date the assembly is ready for
testing.

.3 Submit certified test results.

4 Provide full system operation programming, configuration and testing services for Factory
Acceptance Testing as specified herein.

PRODUCTS
Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Schneider Electric as per Appendix 18E — Standardized Goods.
Performance Criteria

.1 Supply Characteristics:
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.1 600 V 3-phase 60 Hz 3-wire system with an NGR for systems supplied by a
transformer rated 1000 kVA or higher.

.2 600 V 3-phase 60 Hz 3-wire system, solidly grounded neutral for systems supplied
by a transformer rated less than 1000 kVA.

.3 120/208 V 3-phase 60 Hz 4-wire system, solidly grounded neutral to serve 120 /
208 V loads requiring motor starters.

.2 General Description:

.1 Arc-resistant MCC minimum ANSI/IEEE Type 2 equipment.

.2 Compartmentalized vertical sections with common power bus bars.

.3 Each motor control centre is to be of dead front construction and incorporate
vertical buses connected to horizontal bus. The motor control centre to be so

designed as to permit future section additions or change of units by the user.

4 Indoor NEMA Type 1A gasketed enclosure. Provide neoprene gaskets on all
compartment doors. Foam type gaskets shall not be permitted.

.5 Temporary lifting lugs provided for slinging of assembilies.

.6 Motor control centre is to provide an integrated hardware, software, and
communication solution.

2.3 Configuration, Components and Features

A

Provide control centres with vertical sections assembled to form a rigid, free-standing
assembly, having a common power bus and forming an enclosure to which additional
sections may be readily added.

For each section or structure, provide a 3 phase horizontal bus rated as required, with a
minimum of 800 amperes. Provide a 3 phase vertical bus rated as required with a minimum
of 300 amperes.

Provide fully rated neutral busbar extending entire width and height of motor control centre.

Copper ground bus extending entire width of motor control centre with minimum dimensions
of 0.25" x 1”.

The MCC horizontal and vertical power bus bracing shall have a short circuit rating as
required, with a minimum of 42,000 A rms symmetrical.

NEMA 1, gasketed, Type B, metal enclosed, free standing dead front, complete with all
required accessories.

Design for all power and control connections to be made from the front. All bus and feeder
bolted connections shall be accessible from the front.

Bus shall be tin plated copper. Tin-plate vertical and horizontal bus at each joint. Provide a
continuous copper ground bus in bottom of each section.
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.9 Sections with horizontal wiring spaces top and bottom and with 102 mm full height vertical

10

A1

12

13

14

15

16

A7

18

19

.20

21

wiring spaces with cable tie supports. Insulate wireways from horizontal and vertical bus.

Provide all spaces complete with bussing hardware and other accessories required so that
additional combination starter units can be readily installed. Provide barriers to isolate the
space from all bus work.

Incorporate starters, circuit breakers, etc., as indicated. Provide shop drawings for review
before commencing fabrication. Provide plug-in type units.

Provide tin-plated copper bus bar stabs reinforced with strong spring steel to ensure high
contact pressure.

Provide appropriate flanges and bus connections for incoming line and feeders.

Provide all wireways, ducts, etc., required to feed the MCC. Install main lugs on vertical bus
and make terminations in a dedicated fed cell as shown on drawings.

All joints and connections to be tin-plated, cadmium plate all bolts, nuts and lock washers to
resist corrosion.

Provide indications to plant PLC systems as indicated.

Provide pull apart terminal block plug in each starter for all control connections, such that
each starter unit may be easily removed. All terminals shall be identified in both starter unit
and master terminal section.

Provide barriers to isolate all bus work to prevent accidental contact when starter units are
removed or spaces are provided. Barriers shall also provide phase to phase isolation of the
vertical bus.

Complete as-built control wiring diagrams for each starter with conductor identification
clearly shown. Diagram shall be affixed to the interior cover of the starter section and provide
a book of wiring diagrams for all starters and drives in each MCC.

Motor control centres shall be finished in ANSI #61 grey enamel and unit insert pans shall be
finished in white enamel.

Unit Mounting:

.1 Compartments shall be draw-out, plug-in, self-disconnect type for starter units
NEMA size 4 and smaller, circuit breaker units 225 A and smaller. Guide rail
supports for units to make sure that stabs make positive contact with vertical bus.
Include provision for units to be installed or removed, off load, while buses
energized.

.1 Engaged position - unit stabbed into vertical bus.
.1 Withdrawn position-unit isolated from vertical bus but

supported by structure. Terminal blocks accessible for
electrical testing of starter.
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.2 Include provision for positive latching in either engaged or
withdrawn position and padlocking in withdrawn position.
Provide positive means of grounding unit before stabs engage
vertical bus.

.3 Stab-on connectors shall be free-floating tin-plated clips, self-
aligning, backed up with steel springs.

.2 Provide external operating handle of circuit switch interlocked with door to prevent
door opening with switch in "on" position. Provide defeater mechanism for this
interlock. Include provision for up to three padlocks to lock operating handle in "off"
position and lock door closed.

.2 Hinge unit doors on same side throughout MCC equipment.

.3 Mount pushbuttons, selector switches, indicating lights, meters, and the like on
compartment door front.

4 Devices and components shall all be by one manufacturer to facilitate
maintenance.

.5 Unused, spare, or “space” compartments shall be provided with hinged access
doors.

24 Wiring

A

Provide terminal blocks for power and control wiring. All terminals shall be number coded or
otherwise suitably identified to indicate which section or module of the MCC they are
associated with and their function.

Provide MCCs with all necessary interconnecting wiring and interlocking.

Adequate space must be providing for the trouble shooting and/or removal of wires and
cables inside MCC cabinets. This may preclude using half space buckets for starters.

Control wire shall be 16 AWG stranded copper wire, rated 90°C.

Power wire shall be stranded copper insulation rated 90°C, sized to suit load; minimum
power wire size shall be 12 AWG copper stranded.

2.5 Communication

A

2

Ethernet/IP components supplied with the MCCs under this specification shall interface to
the automation system components seamlessly as defined in this Section and Section
17800. Additional third-party network gateways shall not be permitted.

All spaces where motor starter equipment could be installed shall be pre-wired with
Ethernet/IP communications.

The MCC shall employ a network communication cabling system to interconnect units within
the MCC.
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4 Network cabling shall be routed through the lower horizontal wireway to isolate the network
from the horizontal bussing routed through the top.

.5 A communication barrier in the full-depth vertical wireway shall serve to separate
communications from power cabling and to prevent noise interference on the network cable.

.6 Provisions for appropriate terminators and grounding shall be provided.

.7 Addition, removal, or rearrangement of units shall not interrupt the trunk line and shall not
affect the cabling of other units attached to the trunk line.

.8 The cabling is to be configured in a star configuration.

.9 Cabling shall be Category 6 shielded twisted pair Ethernet cable with RJ45 connector.

.10 Ethernet cable insulation rating shall be 600V minimum.

.11 Monitoring of individual load circuit breaker statuses (open/closed), and field devices
statuses (disconnect switch position, motion sensor trip status, etc) shall be by hardwired
I/0, where indicated on drawings.

2.6 Network Switches

.1 MCC’s will be provided with 24 VDC powered, managed switch. Speed and number of ports
per the Final Design.

.2 Provide dual power network switches for redundancy with separate fused disconnects. One
will be fed from a control power transformer within the MCC and one fed from the UPS.

2.7 Motor Starters and Control Devices
.1 Provide motor starters and control devices in accordance with Section 16226.
2.8 Ground Fault Monitoring System

.1 The ground fault alarm system shall give alarm and phase indication in the event of a ground
fault on the power system of the MCC’s main incoming and tie feeders.

.2 For all MCC equipment, provide a ground fault monitoring system.

.3 Ground fault alarm indicator shall be monitored by the ground fault detection system and
automation system.

29 Transient Voltage Surge Suppression

.1 Provide transient voltage surge suppression (TVSS) device on power bus of MCC. TVSS will
occupy a dedicated cubicle space in the MCC complete with breaker or fuse protection.

.2 TVSS units and all components shall be designed, manufactured, and tested in accordance
with the latest applicable UL standard (ANSI/UL 1449 latest edition).

.3 Voltage: per the final design
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4 Maximum Continuous Operating Voltage (MCQOV): The MCOV will not be less than 115

percent of the nominal system operating voltage. In cases where a neutral grounding resistor
is part of the distribution, utilize minimum MCOV levels specifically designed for operation
with an NGR.

The suppression system shall incorporate thermally protected metal-oxide varistors (MOVs)
as the core surge suppression component for the service entrance and all other distribution
levels.

Protection Modes — The TVSS must protect all modes of the electrical system being utilized.
The required protection modes are:

1 39, 3W System: L-L, and L-G

2 39, 4W Wye System: L-L, L-N, L-G, and N-G

3 19, 3W Wye System: L-L, L-N, L-G, and N-G
Voltage Protection Rating (VPR) per ANSI/UL 1449 latest edition.
The TVSS will be maintenance free and shall not require any user intervention throughout its
life. TVSSs containing items such as replaceable modules, replaceable fuses, or replaceable
batteries shall not be accepted.
TVSS device shall be complete with status indicator lights on each phase and a flashing

alarm status/trouble light indicator. Device will include an alarm condition activated relay
contact, SPDT, for use as a remote monitoring point.

.10 Surge capacity as required by the Final Design.

210 Finishes

A

2

Unless specified otherwise, manufacturer shall paint electrical equipment and materials.
Galvanized finishes, where specified, shall comply with CAN/CSA G64.

Fabricated metal components which have not been painted as part of a mass production
procedure shall be treated as follows:

.1 Shop finish metal enclosure surfaces by application of rust resistant primer inside
and outside, and at least two (2) coats of finish.

.2 Paint exterior electrical equipment Grey #GP122-ASA 61.

.3 Paint indoor MCCs, switchgear and distribution enclosures white, to EEMAC 2Y-1,
enamel.

4 Clean and touch-up surfaces of shop-painted equipment scratched or marred
during shipment or installation, to match original paint.

.5 Field-clean and prime exposed non-galvanized hangers, racks and fastenings to
prevent rusting and finish with two coats of finish.
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.6 Apply Galvacon touch-up paint to damaged portions of galvanized surfaces and
threads.

211  Identification
.1 Wiring Identification:

.1 Provide wiring identification in accordance with Sections 16010, 16030 and the
Standard Details.

.2 Equipment Identification:
.1 Individual unit compartments shall be identified with engraved nameplates
showing the equipment number of the device and a description of the drive or

equipment.

.2 Components inside each unit compartment shall be identified with engraved
nameplates.

.3 Labels clearly visible and positioned such that the removal of the device identified
does not remove the label.

2.12 Spare Parts

.1 For each size and type of device in use, provide:
.1 Power fuses — three (3) of each size used.
.2 Ten (10) control fuses.
.3 Ten (10) pilot lamps including a lamp-removing tool if necessary.
.4 One (1) control relay.
.5 One (1) time delay relay.
.6 Two (2) relay sockets for plug-in devices.
.7 Two (2) coils for starters and contactors.
.8 Two (2) sets stationary contacts for starters and contactors.
.9  Two (2) sets NO/NC auxiliary contacts.
.10 Two (2) control transformers.
.11 Touch-up paint, two (2) 750 mL aerosol cans.

.12 Any other additional components which the manufacturer recommends shall be
kept as spares.
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3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the Technical Requirements.

.3 Configure all Ethernet/IP input and output data assemblies in accordance with City’'s MCC
Programming and Documentation Standards.

4 The intent shall be to verify that all MCC starters, drives and other Ethernet/IP components
for Ethernet/IP control and monitoring functions correctly via communication links to the
automation system. The verification shall include point-to-point control functionality testing to
confirm that all components are fully functional.

.5 Setup and configure all MCC Ethernet/IP components such that upon loading the supplied
application program, all Ethernet/IP based control, diagnostics and monitoring function of
supplied devices in the tested MCC can be verified.

.6 Prepare check out sheets covering all test requirements and verifications, detailing all tested
points and functionality.

.7 Record by hardcopy and electronic means the final factory settings of all equipment. This will
form part of the test results submitted under this Section of the specification.

.8 Factory Acceptance Testing:
.1 Make sure that moving and working parts are lubricated.

.2 Verify the correct operation of all disconnects, circuit breakers, contactors,
interlocks and auxiliary contacts, relays, control switches and push buttons,
ground fault protection and manual operation and digital displays.

.3 Perform point-to-point tests of all wiring to verify correct connections, continuity
and dielectric integrity.

4 Initial tests shall be done by manufacturer to verify proper system operation, free
of grounds, open, and short circuits.

.5 Following the above tests, provide full Ethernet/IP configuration and Factory
Acceptance Testing (FAT) of MCC equipment at the MCC factory prior to
equipment shipment.

.6 With all sections inter-wired permanently or temporarily and with control power
applied, perform:

.1 Functional test of control circuits. Simulate field contacts where necessary. i.e.,
provide Hand-Off-Auto switch pre-wired to a terminal block or harness for easy
plug and test.
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.10

Insulation resistance test on power wiring, free from grounds, open and short
circuits.

Functional test of Ethernet/IP communications, control and monitoring systems.

Submit a certified test report of all standard equipment production tests at time of
Factory Acceptance Testing.

Configure Ethernet/IP addressing into each unit at the factory.

All control and monitoring parameters for Ethernet/IP operation of motor control
and monitoring shall be pre-configured at the factory.

Ethernet/IP control and monitoring shall be factory tested for operations under
normal and adverse conditions.

END OF SECTION
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1. GENERAL
11 Summary

.1 This section covers work related to Section 16010 for the provision of motor starters to 600
Volts.

1.2 Standards

.1 CSA C22.2 No. 14 - Industrial Control Equipment.

.2 Canadian Electrical Code (CEC) as adopted by the Province of Manitoba.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials that will include the following.
.1 Mounting method and dimensions.
.2 Starter size and type.
.3 Layout of identified internal and front panel components.
4 Enclosure types.
.5 Wiring and schematic diagram for each type of starter.

.2 Provide operation and maintenance data for each type and style of motor starters for
incorporation into manual specified in Appendix 18F.

2, PRODUCTS
21 Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Schneider Electric as per Appendix 18E — Standardized Goods.
2.2 Manual Motor Starters

.1 Single- and three-phase manual motor starters shall be of size, type, rating as required, with
components as follows:

.1 Switching mechanism, quick make and break.
.2 Overload heater(s), manual reset, trip indicating handle.

.2 Separately mounted starters shall be in CSA-approved enclosures.
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.3 Enclosures: Dry locations shall be NEMA-12, corrosive atmospheres shall be NEMA-4X,
hazardous areas shall be NEMA-7, Process areas shall be NEMA-4.

.4 Accessories:

.1 Key switches and pushbuttons shall be heavy-duty, oil-tight, labelled as indicated, and
colours in accordance with Section 16010.

.2 Indicating lights shall be heavy-duty, oil-tight, LED type and colours in accordance with
Sections 16010 and 16825.

.3 Locking tab will permit padlocking in “ON” or "OFF" position.
2.3 Full-Voltage Non-Reversing Magnetic Starters
.1 Combination starters of type indicated. Starters shall be rated for continuous operation of
motor loads at the nominal motor HP rating, with a continuous output current not less than

identified by table 44 of the Canadian Electrical Code.

.2 Starters shall be NEMA rated, minimum size shall be Size 1. Half-size starters shall not be
permitted.

.3 Starters shall be provided for the following applications:

A Integrated into a Motor Control Centre in accordance with Section 16820.

2 Integrated within a wall mount enclosure for 120 / 208 V applications where the
quantity of starters does not warrant an MCC. Enclosures shall be NEMA 1 for
installation within an Electrical room.

A Starters shall be suitable for three-phase operation, as well as field-
configurable for single phase 1P, or 2P operation, as required to suit
supplied motors.

4 Fused disconnect switch with operating lever on outside of enclosure and provision for:

3 Locking in 'OFF' position with up to 3 padlocks.
4 Independent locking of enclosure door.

5 Provision for preventing switching to 'ON' position while enclosure door is open.
.5 NEMA contactor, solenoid operated, rapid action type.

.6 Electronic overload relay used for starter control using star Ethernet connection topology to
Ethernet switches within MCC.

.1 Square D Tesys T
.2 Approved Equal

.7 Power and control terminals.
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.8 Wiring and schematic diagram inside starter enclosure in visible location.

.9 Identify each wire and terminal for external connections, within starter, with permanent
number marking identical to diagram.

.10 The starter will be controlled with panel mounted 3 position H-O-A switch and Ethernet
controls.

.1 Hand - Starts Motor
.2 Off — Stops motor
.3 Auto control of starter via Ethernet controls.
.11 Accessories:
.1 Pushbuttons, selector switches: 22 mm, heavy duty, oil tight, labelled as indicated.

.2 Indicating lights: 22 mm, heavy duty, oil tight, LED-type, push to test, and colour as
indicated.

.3 Control transformer, fused.
4 Auxiliary contacts:

.1 Contactors shall be equipped with auxiliary contacts rated 10 A at 120 VAC. Each
contactor shall be equipped with one (1) spare NO and one (1) spare NC field
convertible electrically isolated auxiliary contacts. Wire auxiliary contacts out to
terminal blocks. Refer to Drawings for quantities.

.2 Overload shall be equipped with a minimum of two contacts. One contact shall
interlock operation of the starter. A second contact shall be used for panel lamp
indication.

.5 Additional protection relays including but not limited to thermal / leak relays
recommended by the pump / motor manufacturer shall be integrated into the starter
enclosure.

.6 Terminal blocks:

.1 Provide quick disconnect on terminal blocks to allow terminal block to be pulled
without wiring disconnection.

.2 Provide terminal blocks with integral marking strips and to be permanently marked
with the conductor number per Final Design.

.3 Internal wiring shall be connected on one side of the terminal block; outgoing
conductors to be connected to the other side.

24 Full-Voltage Reversing Magnetic Starters

.1 Identical features as for full-voltage non-reversing magnetic starters, except:
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.1 Two (2) 3-pole magnetic contactors mounted on common base.
.2 Interlocks shall prevent both contactors from operating at same time.
25 Reduced Voltage Starters (Soft Starters)

.1 Solid state reduced voltage soft start to provide linear ramp starting and stopping of 3-phase
induction motors.

.2 Soft starters will be CSA / cUL approved, rated 690 V for operation of a 600 V rated motor,
sized as indicated.

.3 Soft starters shall be rated for continuous operation of motor loads at the nominal motor HP
rating indicated, with a continuous output current not less than identified by table 44 of the
Canadian Electrical Code.

4 NEMA bypass and overload contactor, solenoid operated, rapid action type.

.5 Electronic overload relay used for starter control using star Ethernet connection topology to
Ethernet switches within MCC.

.1 Square D Tesys T
.2 Approved Equal

.6 The soft start will be controlled with panel mounted 3 position H-O-A switch, a keypad /
display unit and Ethernet controls.

.1 Hand - Starts Motor and accelerates to full speed using programmed ramp settings.
.2  Off — Ramps down and stops motor by decelerating according to ramp settings.
.3 Auto control of starter via Ethernet.

.7 Operator interface and drive keypads installed on the MCC door, shall be mounted at
a height taking into account the housekeeping pad height for ease of operator viewing.

.8 Accessories:
.1 Pushbuttons, selector switches: 22 mm, heavy duty, oil tight, labelled as indicated.

.2 Indicating lights: 22 mm, heavy duty, oil tight, LED-type, push to test, and colour as
indicated.

.3 Control transformer, fused.
4 Auxiliary contacts:
.1 Contactors and soft starters shall be equipped with auxiliary contacts rated 10 A at
120 VAC. Each contactor shall be equipped with one (1) spare NO and one (1)

spare NC field convertible electrically isolated auxiliary contacts. Wire auxiliary
contacts out to terminal blocks. Refer to Drawings for quantities.
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.2 Overload shall be equipped with a minimum of two contacts. One contact shall
interlock operation of the starter. A second contact shall be used for panel lamp
indication.

.5 Additional protection relays including but not limited to thermal / leak relays
recommended by the pump / motor manufacturer shall be integrated into the starter
enclosure.

.6 Terminal blocks:

.1 Provide quick disconnect on terminal blocks to allow terminal block to be pulled
without wiring disconnection.

.2 Provide terminal blocks with integral marking strips and to be permanently marked
with the conductor number per Final Design.

.3 Internal wiring shall be connected on one side of the terminal block; outgoing
conductors to be connected to the other side.

.9 Reduced voltage starters to include circuit breakers with operating lever on outside of
enclosure to control circuit breaker and provision for:

.1 Locking in 'OFF' position with up to 3 padlocks.
.2 Provision for preventing switching to 'ON' position while enclosure door is open.
.10 Approved products:
.1 Square D Altistart
2.6 Finishes
.1 Apply finishes to enclosure in accordance with Section 16010 and 16225.
2.7 Identification

.1 For separately mounted starters provide a nameplate identifying the number of the starter,
the device from which it is fed, and the equipment description.

2.8 Spare Parts
.1 For integrally and separately mounted starters, include the following spare parts for each
size and type of starter, except that no more spares than the actual quantity installed need
be listed:
.1 Two (2) stationary contacts.
.2 Two (2) movable contacts.

.3 Two (2) NO/NC auxiliary contacts.

4 Two (2) control transformers.
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.5 Two (2) operating coils.
.6 Five (5) control fuses.
.7 Ten (10) indicating lamps.

.8 One (1) spray can of touch-up paint.

3. EXECUTION

3.1 General

A

Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

Ensure correct fuses and overload devices elements and settings are suitable for the
nameplate ratings of motors supplied.

Set the trip adjustment on the motor circuit protectors

Configure motor protection settings on reduced voltage starters to suit motor nameplates
and as required to achieve stable operation of electrical and process functions.

Undertake commissioning phases as specified in the Technical Requirements.

Perform tests in accordance with Section 16020.

END OF SECTION
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1.1

1.2

2.1

2.2

GENERAL
Summary

A This section covers work related to Section 16010 for the provision of LV Variable
Frequency Drives to 600 Volts.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials and will include the following.
.2 Physical layout in MCC.

.3 Wiring Diagram showing terminal blocks and terminal numbers

4 Complete dimensional drawing including front panel details (not typical)

.5 Circuit breaker ratings & fuse sizes

.6 Recommended spare parts list

.7 Cooling system and heat rejection calculations for each size/ type of VFD

.8 The product data shall indicate the efficiency, power factor, kW output, heat rejection
and harmonic distortion of the drive at 25%, 50%, 75% and 100% operating points.

.9  VFD configuration sheets

PRODUCTS

Manufacturers and Products

.1 Acceptable Manufacturers:
.1 Schneider as per Appendix 18E — Standardized Goods.

Performance Criteria

.1 VFDs shall be rated for continuous operation of motor loads at the nominal motor HP rating
indicated, with a continuous output current not less than identified by table 44 of the

Canadian Electrical Code.

.2 VFDs will be CSA / cUL approved, rated 690 V for operation with a nominal 600 V, 60 Hz, 3
phase supply

.3 Integrated into a Motor Control Centre in accordance with Section 16225.

4 Digitally controlled AC variable frequency drive (VFD)
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5

6

10

A1

.1 Sensorless flux vector control

.2 For motors 224kW and less: minimum 6-pulse width modulated (PWM) inverter system
utilizing Insulated Gate Bipolar Transistors (IGBT) power switching devices.

The VFD will be controlled with panel mounted 3 position H-O-A switch, potentiometer and a
keypad / display unit.

.1 Hand - Starts Motor and accelerates to speed set manually set by door mounted
potentiometer

.2  Off — Ramps down and stops motor by decelerating according to ramp settings.
.3 Auto control of VFD via Ethernet controls.

.1 Provide Ethernet Modbus TCP connection to all VFDs except for HVAC
packaged systems. VFDs integral with packaged HVAC equipment (where a
central controller has Ethernet Modbus TCP communication) do not require
the communication card.

Provide the following auxiliary controls
.1 Manual speed potentiometer
.2 Local Emergency Stop button

.3 Input terminals for remote interlocks. Allow for two interlocks

.1 Wire the auxiliary contacts from local disconnect switch to interlock VFD when
disconnect switch is open.

VFD Output: 0-60 Hz, with standard Volts/Hertz VFD curve, 3 phase. The drive shall be able
to start into a spinning motor.

Operator interface and drive keypads installed on the MCC door, shall be mounted at
a height taking into account the housekeeping pad height for ease of operator viewing.

Provide ventilation fans, vents, filters, and associated equipment to adequately cool the
compartments.

Provide pad-lockable thermal-magnetic circuit breaker and/or semiconductor fuse short
circuit protection as required by drive manufacturer for equipment approvals. Interlock doors
for VFD to prevent access unless disconnect is open.

The VFD shall be configured to provide the following protection functions which will lock out
the VFD until manually reset:

1 Motor short circuit

2 Motor thermal overload

3 VFD Overtemperature

4 VFD internal fault
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External signal trip
Motor phase loss

Motor stall protection

o N o o

Ground fault

.12 The VFD shall be configured to provide the following auto-reset protection functions that
allow return to operation following reinstatement of utility supply without manual reset:

.1 Input phase loss
.2 Undervoltage / overvoltage
.13 Accessories:
.1 Pushbuttons, selector switches: 22 mm, heavy duty, oil tight, labelled as indicated.

.2 Indicating lights: 22 mm, heavy duty, oil tight, LED-type, push to test, and colour as
follows:

.1 Running (Green).
.2 VFD Fault (Amber).
.3 Overload Tripped (Amber).
.3 Control transformer, fused.
.14 Line Reactor
.1 Provide 3% line reactor
.15 Load Reactor

.1 VFD load reactors will be installed for all motors greater than 37 kW (50 HP) regardless
of cable length between VFD and motor.

.2 VFD load reactors shall be installed for all motors where cabling between the VFD and
motor exceeds 30m.

.16 Filters
.1 DV/DT Filters shall be installed where power cables between the VFD and the motor
exceed 150m or where recommended by the VFD vendor for the specific size and
application.

2.3 Spare Parts

.1 Include the following on the Spare Parts list:
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Provide spare parts and maintenance materials as specified by the manufacturer spare
parts list.

.2 One (1) complete set of all plug-in drive components for each size and type of controller
supplied.
.3 One (1) set of three power fuses for each different drive rating.
4 Ten (10) control fuses of each type used.
.5 Ten (10) indicating lamps of each type used.
.6 One (1) main control board of each type used.
.7 One (1) inverter module of each type used.
.8 One (1) inverter snubber module of each type used.
.9 One (1) set of other field-replaceable items for each type used.
.10 Any other additional components, which the manufacturer recommends be kept as
spares.
.11 Two (2) spray cans of touch-up paint.
3. EXECUTION
3.1 General

A

Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

Ensure correct fuses and overload devices elements and settings are suitable for the
nameplate ratings of motors supplied.

Set the trip adjustment on the motor circuit protectors

Configure motor protection settings to suit motor nameplates and as required to achieve
stable operation of electrical and process functions.

Perform tests in accordance with Section 16020.

END OF SECTION
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1.1

1.2

21

2.2

GENERAL
Summary

A This section covers work related to Section 16010 for the provision of Medium Voltage
Variable Frequency Drives.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
.2 Harmonic Analysis and report, including filter design.

.3 VFD output filter rating, or other provision as recommended by the Harmonic Study and
System modeling.

.4 Heat dissipation for the VFD-filter assemblies.
PRODUCTS
Manufacturers and Products
.1 Acceptable Products
.1 Toshiba T300MV2
.2 Siemens Perfect Harmony G180
.3 Schneider ATV 6000
.4 Approved equal
Performance Criteria
.1 General Requirements

.1 Each VFD is required to operate one 4160 VAC, 3 phase, 60 Hz, 1.0 service factor
motor associated with a centrifugal pump.

.2 Each VFD shall be capable of operating the pump motor indefinitely at its service factor
rating, and if the current rating is exceeded (other than for a short-term overload), the
VFD shall reduce its speed as to not exceed that current.

.3 The VFD shall be capable of producing a variable AC voltage and frequency output to
provide continuous operation of the pump over the thirty percent to one hundred
percent speed range.
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A4

The VFD manufacturer shall coordinate with the pump equipment manufacturer to
confirm compatibility and satisfactory operation.

Power Connections:

.1 The VFD shall be a fully integrated solution and shall only require site
connection of 1 x 3¢ 4160V input cable and 1 x 3c 4160V output power cable.

.2 Suitably rated 3 phase power transformer(s) shall provided integral to the VFD
for supply to cooling fans.

.3 A 120V supply for protection and control functions shall be supplied from a
UPS.

.4 An additional single phase 120V supply will be provided from an external
panelboard for motor and VFD space heaters. The VFD shall contain a control
circuit to energize the heater when the motor is not running.

.5 Potential transformers enabling the VFD to sense incoming voltage shall be
wired from the upstream switchgear to the VFD in open delta configuration.

.2 Input Line Harmonics:

A

The equipment shall include harmonic mitigation to comply with the latest edition of
IEEE 519 for total harmonic voltage and current distortion calculation and
measurement. The point of common coupling for harmonic calculations and field
measurements shall be defined as the 4160 Volt bus supplying the VFD.

The VFD input rectifier section shall employ a minimum 24-pulse technology or
equivalent performance using an active-front-end design.

.1 The VFD shall include an integral input isolation / phase shifting transformer.
A harmonic analysis shall be performed using the proposed VFD in accordance with

Appendix 18K — Special Studies and Models. Equipment compliance shall be verified
with field measurements of harmonic distortion at point of common coupling.

.3 Motor Compatibility:

A1

The VFD system shall provide an output waveform that is inherently sinusoidal at all
speeds and will allow utilization of standard VFD duty squirrel cage induction motors.

The system design shall not have any inherent output harmonic resonances in the
operating speed range.

The VFD output shall produce no electrically induced pulsating torques to the output
shaft of the mechanical system.

The VFD shall protect the motor from high voltage dV/dt stress and shall be designed to
produce no standing waves or over-voltage conditions based on the length of cable
from VFD to motor. The VFD shall include an output dV/dt filter The filter shall be an
integral part of the system and included within the VFD enclosure.
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.5 Compatibility of the motor and VFD combination shall be considered to minimize the
breakdown of motor winding insulation due to neutral shift.

.6 The VFD manufacturer shall examine shop drawings for the pump/motor assembly and
ensure that the VFD is fully compatible with the motor and its function.

.4 Efficiency:
.1 Guaranteed VFD system efficiency shall be:

.1 Greater than ninety six percent (>96%) at one hundred percent (100%) speed
and one hundred percent (100%) load.

.2  Efficiency evaluation is for the entire VFD system and shall include input transformer,
VFD converter, and output filter. Auxiliary controls, such as internal cooling fans shall
be included in all loss calculations.

.3 A factory test shall be performed at the VFD manufacturer’s facility certifying that
efficiencies have been met.

.5 Power Factor:

.1 Power factor measured at the drive incoming bus shall be maintained at 0.95 minimum
to 1.00 maximum, lagging for all load conditions, when drive is operating from minimum
to maximum speed.

.6 MV Power Connection

.1 Protection and control of the power supply to the VFDs from MV switchgear shall be by
NEMA E2 starter within the MV switchgear. Each VFD shall be disconnected by use of
the starter when not required to run to reduce wear and energy consumption, and to
reduce inrush when starting the facility from a black-start.

.7 Generator Compatibility:

.1 VFDs and generator systems shall be coordinated to ensure that the generator control
is stable and to not compromise system operation during standby power periods.

.1 The VFD shall be capable of starting the motor and operate across the entire
range of operating speeds and loads when powered by a single standby
generator that is provided under this contract.

.8 Noise Level:
.1 Maximum mean sound pressure level shall be 85 dB (A) at 1 m.
2.3 Performance During Adverse Line and Load Conditions

.1 Ride through:

.1 The VFD system shall have a 5-cycle ride-through capability with the specified pump
load.
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.2 The VFD system shall be capable of continued operation with a thirty percent (30%)
voltage sag on the input power line.

.3 The VFD system must be able sense the direction, to catch and take control of a
spinning load if started while rotating equipment is already spinning. Appropriate
safeguards must be included in this operation to prevent damaging torques, voltages or
currents from impacting any of the equipment.

.2 Auto-Restart Capability:

.1 The VFD system must be capable of being automatically restarted by the PCS following
a loss of power, without first having to reset a VFD fault indication either manually or
remotely.

.3 Fault Withstand:

.1 The VFD shall be capable of withstanding, without damage either to the VFD or
connected equipment, the following fault types:

.1 Line-ground, Line-Line, Line-Line-Ground or three-phase short circuit faults at
the VFD output terminals.

.2 Loss of input power due to opening of upstream switchgear device or utility
power failure during VFD operation.

.3 Loss of a single phase of input power.
.4 Motor regeneration due to loss of VFD input power.
.5 Failure to connect a motor to the VFD output.
24 Physical Requirements
.1 Environmental Requirements:

.1 The complete unit and its components shall operate in the intended environment at full
load without de-rating.

.2 Air Cooling Requirements:

.1 VFDs shall be air-cooled and include the number of fans required to have redundancy
in the cooling system. Blowers shall alternate duty in order to ensure equal wear.

.2 In addition to monitoring the blower status, temperature and airflow sensors shall be
used to detect and annunciate operating temperatures that are outside of the operating
limits and provide indication of filter deterioration.

.3 Equipment shall have cleanable filter media covering all air inlets.

.3 Enclosure:
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The equipment shall be of NEMA 1, free-standing type and contain all components including
input transformer, reactors, power cells and all other components required for an
integrated VFD package.

.1 All power components in the converter sections shall be designed for rack-out
accessibility. Mechanical key interlocks shall be provided to prevent access to all VFD
medium voltage compartments when line power is applied to the VFD system.
Interlocking shall be fully coordinated with the upstream switchgear.

.2 Physical barriers shall be provided between each section and between low voltage and
controls compartments, power cells or equipment at medium voltage. Personnel shall
have access only to the low voltage compartments, with the VFD energized, without
being exposed to any medium voltage equipment.

25 Component Requirements
.1 Power Bus and Wiring:

.1 Main power bus shall be tin-plated, high-conductivity copper. Bus shall be appropriately
sized for the VFD continuous current rating and braced to withstand the mechanical
forces caused by a momentary short circuit current of 35 kA expected at the bus.

.2 All connections shall be bolted or continuously welded. Main grounding of the VFD
system shall have a common tin plated copper bus spanning the entire width of the
enclosure base.

.2 Internal Input Isolation Transformer:

.1 Transformer is to be of dry type construction with copper windings and integral to the
VFD enclosure. Transformers to have primary with 2-5% taps, 1 @ FCAN and 1 @
FCBN.

.3 VFD system shall include surge protective devices to protect input transformer and VFD
against voltage surges.

.4 VFD Controls

.1 The VFD shall include a microprocessor based system which monitors its own control
functions and displays faults and operating conditions.

.2 A door-mounted LCD keypad / display shall be included, capable of displaying the VFD
operational status and drive parameters.

.3 The VFD will be controlled with panel mounted 3 position H-O-A switch and a keypad /
display unit.

.1 Hand - Starts Motor and accelerates to speed set manually set by door mounted
control unit.

.2 Off — Ramps down and stops motor by decelerating according to ramp settings.

.3 Auto control of VFD via Hardwired controls.
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Analog inputs and outputs shall be 4-20mA, hardwired and configured to
provide VFD control and indications to the plant PLC in accordance with City
Standards.

Discrete outputs shall be Form C relay contacts rated for 4 amps at 24VDC
and 120VAC. Contacts to power motor heaters shall be rated for 10A.

Discrete inputs and outputs shall be hardwired and configured to provide VFD
control and indications to the plant PCS in accordance with City standards.

Provide Ethernet Modbus TCP connection to all VFDs for supplementary data
and metering from the PCS. Signals and controls required for safe operations
shall be by hardwired control.

.4 Provide the following auxiliary controls

A

2

Local Emergency Stop button
Input terminals for remote interlocks. Allow for two interlocks

Pushbuttons, selector switches: 22 mm, heavy duty, oil tight, labelled as
indicated.

Reset

Indicating lights: 22 mm, heavy duty, oil tight, LED-type, push to test, and
colour as follows:

.1 Running (Green).

.2 VFD Fault (Amber).

.3 Emergency Stop (Amber)
.4 Motor Heater On (White)

.5 Control Power On (White)

.5 Protection functions

.1 The VFD controller shall provide as a minimum the following motor and VFD protection

functions:
.1 Overload.
.2 Ground fault.
.3 Overvoltage.
.4 Undervoltage.
.5 Underfrequency.
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.6 Bearing vibration
.7 Winding Temperature

.8 Bearing Temperature

2.6 Spare Parts

.1 The following spare parts shall be supplied:

.1 Two (2) complete sets of spare fuses.

.2 Two (2) of each type of panel lamp.

.3 Two (2) of each type of control relays.

.4 One (1) complete spare fan assembly of each type.

.5 Two (2) sets of spare air filters.

.6 One (1) hoisting mechanism for removal and replacement of cells.

.7 Any specialty tools required to replace faulty cells or power semiconductors.
3. EXECUTION
3.1 Factory Inspection and Acceptance Testing

A1 Factory acceptance testing shall be witnessed by the City Representative for each unit
supplied. A projected test schedule and test procedures shall be provided at least one (1)
month in advance of the test date. All units shall be complete, pre-tested and available on
the date that witness testing takes place.

2 The Vendor shall include the cost of transportation and lodging for two (2) City Patrties for
witness testing at the factory.

3 The equipment shall be factory tested to verify conformance to the Technical
Requirements and performs as required. Prove that losses of the VFD system are within
the guaranteed limits. Verify the proper operation of all control devices and input and
output signals from the equipment.

4 Copies of the test results shall be submitted.

3.2 General

A Install VFDs, connect power and control in accordance with Manufacturer's
recommendations.

2 Ensure correct fuses and overload devices elements and settings are suitable for the

nameplate ratings of motors supplied.
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.3 Configure motor protection settings to suit motor nameplates and as required to achieve
stable operation of electrical and process functions.

4 Undertake commissioning phases as specified in the Technical Requirements.

5 VED input harmonic voltage and current distortion shall be verified at across the range of
30% to 100% speed with connected pump load as part of final start-up and acceptance.

.6 Perform tests in accordance with Section 16020.

END OF SECTION
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1.1

1.2

GENERAL
Summary

.1 This Section specifies the supply, installation, testing and commissioning of diesel-engine
driven standby electric generator sets including but not limited to:

.1 Diesel powered 4-cycle engine.

.2 Heat exchanger glycol cooling systems.

.3 Alternator.

4 Engine and alternator control panel.

.5 Battery charger and battery.

.6 Sub-base fuel tanks and fuel cooling system.

.7 Exhaust system.

.8 Steel mounting base.

.2 Exhaust Emissions:

.1 Each generator unit shall meet the specified guaranteed emission requirements and the
Interim Tier 4 requirements as defined by US EPA 40 CFR, Part 1039 for non-road diesel
engines.

Standards

.1 Equipment shall be in compliance with the City of Winnipeg WWD Electrical Design Guide and
the latest version of the following Standards:

.2 CSA International:
.1 CAN/CSA C282 - Emergency Electrical Power Supply for Buildings
.3  NEMA:
.1 NEMA MG 1, Motors and Generators.
4 NFPA 110 - Emergency and Standby Power Systems.
.1 The generator sets will comply with all requirements for Level 1 systems. Level 1
prototype tests required by this standard will have been performed on a complete and

functional unit, component level type tests will not substitute for this requirement.

.5 Equipment shall be certified and carry a factory-installed CSA label.
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1.3

1.4

2.2

Submittals

A

Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Generator outline dimensions, details, and arrangement of connections including external
components.

.3 Generator capability curves and generator & load test circuit breaker characteristics.

4 Control panel arrangement and AC/DC schematic diagrams including provisions for Ethernet
communications, hardwired 1O, external interlocking, monitoring and control.

.5 Torsional vibration analysis of the engine generator set.

.6 Wiring and connection diagrams including external connection terminals with their
function/purpose identified.

.7  Factory and site test reports for generator and acoustic level around diesel generator set(s).

Definitions

.1 Emergency Standby Power (ESP): Per ISO 8528: The maximum power available during a
variable electrical power sequence under the stated operating conditions for which a
generating set is capable of delivering in the event of a utility power outage or under test
conditions for up to 200 hours of operation per year with the maintenance intervals and
procedures being carried out as prescribed by the manufacturer. The permissible average
power output (Ppp) over 24 hours of operation shall not exceed 70 percent of the ESP, unless
otherwise agreed by the RIC engine manufacturer.

PRODUCTS

A

Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Generator:
.1 Finning (Caterpillar).
.2 Cummins.

.3 Or approved equivalent.

Performance and Design Criteria

A

Factory-assembled and tested, engine-generator set.

.2 Rating in accordance with Schedule 18, after applicable de-rating factors, operating at the

most onerous of site conditions and subject to meeting the loading conditions identified.
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23

a7

8

The generator sets is intended to comply with NFPA 110, level 1, type 10. The generator shall
have the capability of being online within 10 seconds.

The generator set packages shall be designed to operate in an unattended location.
The system shall be rated Emergency Standby Power, as defined herein.

Operating voltage of 7.2kV / 12.47kV V, 3 phase, 4 wire, 0.8 power factor with isolated neutral
for connection to high resistance grounding system.

The generator shall be supplied to operate on diesel fuel.

The engine shall be cooled with an air cooled radiator.

Operating Performance

A

2

10

Harmonic content at the generator point of common coupling will be <5%.
The alternator shall be capable of operation with reverse kVAR of 0.15 per unit.

Steady-State Voltage Operational Bandwidth: 0.5% of rated output voltage from no load to
full load.

Transient Voltage Performance: Not more than 10% variation for 50% step-load increase or
decrease. Voltage shall recover and remain within the steady-state operating band within 2
seconds. Not more than 35% variation on application of a 100% load-step the generator set
shall recover to stable voltage within 3 seconds.

Steady State Frequency Operational Bandwidth: 0.25% of rated frequency from no load to
full load.

Steady-State Frequency Stability: When the system is operating at any constant load within
the rated load, there shall be no random speed variations outside the steady-state operational
band and no hunting or surging of speed.

Transient Frequency Performance: Not more than 5% variations for 50% step-load increase
or decrease. Frequency shall recover and remain within the steady-state operating band
within 2 seconds. On application of a 100% load-step the generator set shall recover to stable
frequency within 3 seconds.

Output Waveform: At full load, harmonic content measured line to line or line to neutral shall
not exceed 5% total and 3% for any single harmonic. Telephone influence factor, determined
according to NEMA MG 1, shall not exceed 50.

Sustained Short-Circuit Current: For a 3-phase, bolted short circuit at system output terminals,
system shall supply a minimum of 300% of rated full-load current for not less than 8 seconds
without damage to generator system components. For a 1-phase, bolted short circuit at
system output terminals, system shall regulate both voltage and current to prevent over-
voltage conditions on the non-faulted phases.

Ambient Condition Performance: System shall be designed to allow operation at full rated
load in an ambient temperature under site conditions, based on highest ambient condition.
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Ambient temperature shall be as measured at the air inlet to the engine generator for enclosed
units, and at the control of the engine generator for machines installed in equipment rooms.

24 Engine

A

The engine shall be a heavy-duty, naturally-aspirated or turbocharged, water-cooled, industrial
diesel engine, designed to operate on No. 2 diesel fuel.

Rated Engine Speed: 1800 RPM.
Lubrication System: The following items are mounted on engine or skid:
.1 Lube oil pump: Shall be positive displacement, mechanical, full pressure pump.

.2 Filter and Strainer: Provided by the engine manufacturer of record to provide adequate
filtration for the prime move to be used.

.3 Crankcase Drain: Arranged for complete gravity drainage to an easily removable
container with no disassembly and without use of pumps, siphons, special tools, or
appliances.

4 Engine Fuel System: The engine fuel system shall be installed in strict compliance to the
engine manufacturer’s instructions.

.5 Main Fuel Pump: Mounted on engine. Pump ensures adequate primary fuel flow under
starting and load conditions.

.6 Coolant Jacket Heater: Electric-immersion type, factory installed in coolant jacket
system. Comply with NFPA 110 requirements for Level 1 equipment for heater capacity
and performance.

The engine shall be a proven design and current production with a minimum five-year service
record in similar applications.

The genset shall have physical fluid containment integral to the unit to completely contain oil
and coolant leaks without discharge to the environment.

2.5 Governor

A

2

Adjustable isochronous, with speed sensing.

The governing system dynamic capabilities shall be controlled as a function of engine coolant
temperature to provide fast, stable operation at varying engine operating temperature
conditions.

The control system shall actively control the fuel rate as appropriate to the state of the engine
generator. Fuel rate shall be regulated as a function of starting, accelerating to start
disconnect speed, accelerating to rated speed, and operating in various isochronous states.
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2.6

2.7

2.8

2.9

Cooling System

A

The engine shall be liquid cooled by means of an integrally mounted radiator, in a closed loop
system.

Coolant: Solution of 50% ethylene-glycol-based antifreeze and 50% water, with anticorrosion
additives as recommended by the engine manufacturer.

Size of Radiator Overflow Tank: Adequate to contain expansion of total system coolant from
start to 110% load condition.

Expansion Tank: Constructed of welded steel plate and rated to withstand maximum closed-
loop coolant system pressure for engine use. Equipped with gage glass and petcock.

Temperature Control: Self-contained, thermostatic-control valve modulates coolant flow
automatically to maintain optimum constant coolant temperature as recommended by the
engine manufacturer.

Duct Flange: Generator sets installed indoors shall be provided with a flexible radiator duct
adapter flange.

Muffler/Silencer

A

Selected with performance as required, to meet sound requirements of the application, sized
as recommended by the engine manufacturer and selected with exhaust piping system to not
exceed engine manufacturer’s engine backpressure requirements.

Air-Intake Filter

A

Engine-mounted air cleaner with replaceable dry-filter element and restriction indicator.

Starting System

A

24 'V as recommended by the engine manufacturer; electric, with negative ground. No positive
ground units shall be accepted.

Components: Sized so they will not be damaged during a full engine-cranking cycle
Cranking Cycle: As required by NFPA 110 for Level 1 systems.

Battery Cable: Size as recommended by the engine manufacturer for cable length, as
required. Include required interconnecting conductors and connection accessories.

.1 Battery Compartment: Factory fabricated of metal with acid-resistant finish.

Battery-Charging Alternator: Factory mounted on the engine with solid-state voltage
regulation. The battery-charging alternator shall have sufficient capacity to recharge the
batteries with all parasitic loads connected within 4 hours after a normal engine starting
sequence.
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2.10 Generator, Exciter, and Voltage Regulator

A

2

10

1

12

2.1 Fuel

A

2

Comply with NEMA MG 1.

Drive: The Generator shaft shall be directly connected to the engine shaft. The Exciter shall
be rotated integrally with the generator rotor.

Insulation: Class F.
Temperature Rise: 150 degrees Celsius

Construction shall prevent mechanical, electrical, and thermal damage due to vibration, over
speed up to 125% of rating, and heat during operation of 110% of rated capacity.

Permanent Magnet Generator (PMG) shall provide excitation power for optimum motor
starting and short circuit performance.

Enclosure: Drip-proof.

Voltage Regulator: Solid-state type, separate from exciter, providing performance as
specified. The voltage regulation system shall be a microprocessor-controlled, 3 phase true
RMS sensing, full wave rectified, and provide a pulse-width modulated signal to the exciter.
No exceptions or deviations to these requirements will be permitted.

The alternator shall be provided with anti-condensation heater(s) in all applications where the
generator set is installed in a coastal or tropical environment.

Windings: Two-thirds pitch stator winding and fully linked amortisseur winding. Alternators
operating at voltage higher than 690 VAC shall be provided with form-wound stator soils.

Subtransient Reactance: 12% maximum, based on the rating of the engine generator set.

Neutral of generator shall not be connected to the frame.

Fuel: A STM D975 #2 Diesel Fuel.

Fuel cooling system for fuel being returned from the engine to the tank specified. The fuel
cooling system shall maintain the tank temperature at less than the generator maximum inlet
fuel temperature rating, or as otherwise required by standards in effect at the project location
based on:

.1 Project site conditions,

.2 The capacity of the specified tank,

.3 The generator loading that causes the worst case heat rejection to the fuel circuit, and

~

Assuming the generator is operating continuously for the run time associated with tank
capacity, at the worst case loading, starting from a full tank to low level.
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2.12  Fuel Oil Storage Tanks

A

2

g

UL 142 listed, including secondary containment, generator sub-base diesel fuel tank.
Heavy gauge steel construction including reinforced steel box channel for generator support.
Dual wall with a sealed, separately vented, integral fuel containment basin, with drain.
Tank finished with primer and enamel paint. Inner tank to be coated with rust inhibitor.
Capacity

.1 Refer to Appendix 18A — Process Functional Requirements

Accessories

.1 Emergency pressure relief vent cap

.2 Atmospheric vent cap

.3 Fuel level gauge

4  Three fuel level floats:

.5 Low Low (Generator shutdown interlock)

.6 Low (Remote PCS indication)

.7 High (Remote PCS indication)

Containment leak detection switch

213  Control and Monitoring

A

Engine generator control shall be microprocessor based and provide automatic starting,
monitoring, protection, and control functions for the unit.

.2 Automatic Starting System Sequence of Operation:

.1 When mode-selector switch on the control and monitoring panel is in the automatic
position, remote-control contacts in one or more separate automatic transfer control
systems initiate starting and stopping of the generator set. Synchronization and
generator circuit breaker control is carried out by the generator controller.

.1 The generator is intended for operation in a stable fashion in parallel with either
12.47 kV utility services, and / or in any combination of each other at 12.47 kV
generators, as required by the transfer control system.

.2 The transfer control system may operate with a combination of open transition,
closed transition and soft ramping transition operation for switching from generators
power back to utility power and to switch loads to generator power while utility power
is present.
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Provide means of cross-current compensation and load-sharing when generator
units are running on the same bus.

Provide means of peak shave loading when generator units are running in parallel
with either utility.

When mode-selector switch is switched to the on position, the generator set starts.
Synchronization and generator circuit breaker control is carried out by the generator
controller.

.3 The OFF position of the same switch initiates the generator set shutdown.

4 When the generator set is running, specified system or equipment failures or derangements
automatically shut down the generator set and initiate alarms. Operation of the local
(generator set-mounted) and /or remote emergency-stop switch also shuts down the generator

set.

.5 Control Panel Configuration:

.1 Operating and safety indications, protective devices, system controls, engine gages and
associated equipment shall be grouped in a common control and monitoring panel.
Mounting method shall isolate the control panel from the generator set vibration.

.2 Status LED indicating lamps to indicate remote start signal present at the control, existing
shutdown condition, existing alarm condition, not in auto, and generator set running.

.3 A graphical display panel with appropriate navigation devices shall be provided to view
generator status and alarm/shutdown conditions as required by NFPA 110 for Level 1
system, and the following:

A

2

AC voltmeter (3-phase, line to line and line to neutral values).

AC ammeter (3-phases).

AC frequency meter.

AC kW output (total and for each phase). Display shall indicate power flow direction.

AC kVA output (total and for each phase). Display shall indicate power flow
direction.

AC power factor (total and for each phase). Display shall indicate leading or lagging
condition.

Ammeter-voltmeter displays simultaneously display conditions for all three phases.
Emergency Stop Switch: Switch shall be a red “mushroom head” pushbutton device
complete with lockout/tag-out provisions. Depressing the switch shall cause the

generator set to immediately stop and prevent it from operating.

Fault Reset Switch: Supply a dedicated control switch to reset/clear fault conditions.
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.10 DC voltmeter (alternator battery charging).

.11 Engine-coolant temperature gauge.

.12 Engine lubricating-oil pressure gauge

.13 Running-time meter.

.14 Generator-voltage and frequency digital raise/lower controls
.15 Fuel tank high-level shutdown of fuel supply alarm.

4 Panel lighting system to allow viewing and operation of the control when the generator
room or enclosure is not lighted.

.5 Data Logging: The control system shall log the latest 20 different alarm and shut down
conditions, the total number of times each alarm or shutdown has occurred, and the date
and time the latest of these shutdown and fault conditions occurred.

.6 DC Control Power Monitoring: The control system shall continuously monitor DC power
supply to the control, and annunciate low or high voltage conditions. It shall also provide
an alarm indicating imminent failure of the battery bank based on degraded voltage
recover on loading (engine cranking).

.7 The generator controller shall include a maintenance mode switch for automatic arc flash
energy reduction. This shall be used for operator safety during generator maintenance.

.8 The control system shall include AC system protection functions to shutdown the
generator including:

.1 over/under voltage,

.2 Reverse power

.3 Over load (kW)

4 Short circuit,

.5 Loss of voltage reference

.6 Over excitation

.7 Over crank shutdown.

.8 Coolant low-temperature alarm.

.9 Control switch not in auto position.
.10 Battery-charger malfunction alarm.

.11 Battery low-voltage alarm.
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214

215

2.16

.9 Provide a Common Remote Audible Alarm: Comply with NFPA 110 requirements for
Level 1 systems. Include necessary contacts and terminals in control and monitoring
panel.

Generator Overcurrent and Fault Protection
.1 The generator shall include a protective system shall include the following functions:

.1 Initiates a generator kW overload alarm when the generator has operated at an overload
equivalent to 110% of full-rated load for 60 seconds. Indication for this alarm is integrated
with other generator set malfunction alarms.

.2 Under single phase or multiple phase fault conditions, or on overload conditions, indicates
alarm conditions when the current flow is in excess of 110% of rated current for more
than 10 seconds.

.3 Under single phase or multiple phase fault conditions, operates to switch off alternator
excitation at the appropriate time to prevent damage to the alternator.

4 The operator panel shall indicate the nature of the fault condition as either a short circuit
or an overload.

.5 Senses clearing of a fault by other overcurrent devices and controls recovery of rated
voltage to avoid overshoot greater than 120% of nominal voltage.

Communications
.1 Provide hardwired control and status monitoring for critical functions.

.2 Each generator to incorporate connection to an Ethernet network for addition metering, alarm,
control and protection data.

Battery Chargers

.1 Unit shall comply with UL 1236, provide fully regulated, constant voltage, current limited,
battery charger for each battery bank. It shall include the following features:

.1 Operation: Equalizing-charging rate based on the generator set manufacturer’s
recommendations, shall be initiated automatically after the battery has lost charge, until
an adjustable equalizing voltage is achieved at battery terminals. Unit shall then be
automatically switched to a lower float-charging mode and shall continue to operate in
that mode until the battery is discharged again.

.2 Automatic Temperature Compensation: Adjust float and equalize voltages for variations
in ambient temperature from -20°C to plus 40°C to prevent overcharging at high
temperatures and undercharging at low temperatures.

.3 Automatic Voltage Regulation: Maintain constant output voltage regardless of input
voltage variations up to plus or minus 10%.

4 Safety Functions: Sense abnormally low battery voltage and close contacts providing
low battery voltage indication on control and monitoring panel. Sense high battery
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217

218

219

2.20

voltage and loss of AC input or DC output of battery charger. Either condition shall close
contacts that provide a battery-charger malfunction indication at system control and
monitoring panel.

.5 Provide LED indication of general charger condition, including charging, faults, and
modes. Provide a LCD display to include charge rate and battery voltage. Charger shall
provide relay contacts for fault conditions as required by NFPA110.

.6 Enclosure and Mounting: NEMA, Type 1, wall-mounted cabinet.

.7 Upon engine cranking, the controller shall sense the battery health and alarm upon a
weak battery during the cranking period.

Battery

.1 Heavy duty, sealed, long life, 24 volt batteries with cold cranking amperage rating exceeding
125% of recommended engine's requirements

.2 Provide battery blanket, 120 V.
Vibration Isolation Devices

.1 Vibration Isolation: Generators installed on grade shall be provided with elastomeric isolator
pads integral to the generator, unless the engine manufacturer requires use of spring isolation.

Emission Equipment

.1 The diesel engine generator shall meet US EPA 40CFR, Part 1039, Interim Tier 4
requirements for non-road diesel engines.

Finishes

.1 Components: Powder-coated and baked over corrosion-resistant pretreatment and
compatible primer. Manufacturer’s standard color or as directed on the drawings.

EXECUTION
.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the Technical Requirements.
.2 Factory Acceptance Tests:
.1 Factory testing shall be witnessed by the City Representative for each unit supplied. A
projected test schedule and test procedures shall be provided at least one (1) month in

advance of the test date. All units shall be complete, pre-tested and available on the date
that witness testing takes place.
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.2 The Vendor shall include the cost of transportation and lodging for two (2) City Parties for
witness testing at the factory.

.3 Factory test complete generator set with its mating control panel and all accessories.

4 Provide load banks and related controls to facilitate Factory Acceptance Testing including
all necessary instrumentation and recording devices to conduct the tests.

.5 Testing of adding and removing loads to be carried out on each generator unit to operate
isolated and in parallel to verify load sharing.

.6 Provide copy of proposed test records. Test records are to indicate:
.1 Date, location.
.2 Engine: Make, Model, Serial Number.
.3 Generator: Make, Model, Serial Number.
4 Voltage regulator: Make, Model.
.5 Engine governor: Make, Model, Type.

.6 Generator set emergency rating and overload rating. Show kWe, kVA, V, A, rpm,
and Hz at 100 percent rating condition.

.7 Test Configuration:
.1 Generator units mounted with vibration isolators.
.2 Specified battery and charger connected.

.3 Test load connected to generator output circuit breaker.

~

Engine filled with recommended oil and antifreeze. Tests using water as coolant are
not permitted.

.5 All on-unit accessories fitted and fully operational.
.6 Generator unit control assembly fully connected to engine and generator.
.8 Non-running tests and checks: Perform and record the following before starting the unit:
.1 Angular shaft alignment and engine/generator end float.
.2 Cold resistance of generator windings.
.3 All electrical and mechanical safety guards secure and in place.
4 All engine, generator and accessory mountings secure.

.5 All adjustment properly made.
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.6 All normal and special test instrumentation installed and operational.

.7 All fluids at normal level. Record oil level before and after test.

.9  With “cold” engine (block heaters off, engine has not been run for minimum eight (8)
hours, room at outside ambient or minimum of 10°C):

A

Demonstrate automatic start-up without overcrank lockout. Warm engine to
minimum normal block-heater temperature.

Demonstrate automatic starting and application of 100 percent rated load. Start time
and load acceptance to meet performance requirements.

Conduct factory functional witness test and load tests to verify and demonstrate
conformation with the Technical Specifications. Tests shall include at least the
following:

A

.10

11

12

Automatic shutdown devices and trouble alarms. Tests shall include actual out-
of-limits operation with protective devices in their installed and in-service
condition to prove sensor operation within manufacturer's recommended limits.
Jumper testing of sensors or remote off-engine testing to prove shutdowns shall
not be permitted. Test shall measure and record actual in-service settings at
which protective devices operate.

Automatic start-up, transfer to load and automatic load sharing, transfer back
to independent operation, cooldown, and shutdown with appropriate time
delays.

Functional test of complete system and accessories, including:

Battery charger’s ability to switch to high-rate charge after cranking.

Function of block heater and thermostat, charger, and unit control devices.
Physical check for abnormal vibrations, loose components and leaks.
Verification of proper operation of remote start and stop signal.

Verification of proper operation of remote status indication and remote signals
to local status indication.

Verification of metering system operation.
Eight (8) hour continuous no-fault test at 100 percent rated load.

Chart recordings of instantaneous 3 phase, V, A and Hz transient/recovery for
application and removal of the following step loads.

Provide, connect, and operate chart recorder for:

.1 0-50 percent of rated load.
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6

4

0-75 percent of rated load.
0-100 percent of rated load.
50-100 percent of rated load.
100-0 percent of rated load.
100-50 percent of rated load.

Allow two (2) minutes at no load before each load application.

.13 Record all performance data as taken or at thirty (30) minute intervals during
load tests. Recorded results shall:

A

2

10

1

12

A3

14

Generator V and A, 3 phase.
Power Factor (PF)

Power in kW, indicated
Power in kW, calculated
Frequency in Hz

Run-time meter (RTM)

Exciter field DC volts (once during testing with readings at no load, 50%
load, and 100% load)

Governor control voltage (once during testing with readings at no load,
50% load, and 100% load)

Lube oil pressure in kPa.

Engine coolant temperature in °C
Exhaust stack temperature in °C
Lube oil temperature in °C
Ambient temperature in test room

Battery charger V, A

.14 At the completion of test, record the following:

A

2

Actual final set points for all protective devices, timers, and controls.

Qil level at end of test and consumption during test.
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.15 Submit certified copy of test results

.1 Include certified copy of test results in Operations Manual and
Maintenance Manual for each unit.

.10 Run the generator units at full load for four (4) hours using the load banks to simulate
operation. Test all equipment with generator unit operating isolated and both generator
sets operating in parallel. Measure and record the following at 15 minute intervals:

A

2

10

A1

12

A3

14

15

16

A7

18

19

.20

Generator kW output.
Generator V and A, 3 phase.
Power Factor (PF).

Power in kW, indicated.
Power in kW, calculated.
Frequency in Hz.

Run-time meter (RTM).

Exciter field DC volts (once during testing with readings at no load, 50 percent load,
and 100 percent load).

Governor control voltage (once during testing with readings at no load, 50 percent
load, and 100 percent load).

Lubricant oil pressure in kPa and temperature in [1C.
Engine water pressure in kPa.
Engine return and supply temperature in [1C.

Engine exhaust heat recovery boiler exhaust pressure in kPa and temperature in
and out in 0JC.

Engine exhaust heat recovery boiler water pressure in kPa and temperature in and
out in CJC.

Cylinder (each) exhaust temperature in [JC.

Lube oil temperature in CJC.

Engine intercooler water water pressure in kPa and temperature in and out in [IC.
Fuel pressure in kPa.

Fuel flow rate in.

Ambient temperature in test room.



RFP No. 659-2018B Section 16231
The City of Winnipeg Page 16 of 16
NEWPCC Upgrade: Headworks Facilities March 2020

STANDBY DIESEL GENERATOR

A1

12

A3

14

15

.21 Battery charger V, A.
Unit to run continuously and without interruption for the test period.

If the system fails to meet any test requirements, make necessary repairs or adjustments;
repeat test for the four hour duration.

Demonstrate proper operation of: Battery charger; block heaters, thermostat, automatic
operation, test, and manual start/stop with cooldown; operation of protective shutdown
and alarm devices; remote heat exchanger; and overall essential electric system
operation as required to determine proper operation and conformance with requirements.
Maintain site test record sheets, with record test conditions and logged data.

Sound Attenuation

.1 Tests and measurements in accordance with ANSI S1.13 standard.

.2 After the units are installed, conduct all acoustical tests to verify compliance with the
specified sound pressure limits.

.3 The results shall be considered acceptable if they fall within plus or minus 2 dB of

the criteria. If the results are not accepted, provide and install all remedial work to
correct the deficiency.

END OF SECTION
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1.1

1.2

1.3

GENERAL

Summary

A

2

This Section specifies supply and installation of 125 VDC DC station battery power supplies.

The 125 VDC control power distribution shall consist of separate 125 VDC battery systems
each with its own battery bank, dedicated charger, manual transfer switch and 12 circuit DC
circuit breaker distribution panel.

The transfer switches shall be arranged to be able to receive power from either battery bank
and deliver it to its load distribution panel. This arrangement shall permit each battery bank
to feed one or both DC distribution panels, or be isolated from both for maintenance but shall
not allow one battery bank to be paralleled with the other battery bank.

Each charger DC output shall be connected in parallel with the load side of one transfer
switch to feed the load distribution panel so the charger can continue to feed the load while
the transfer switch is moved to the alternate battery source position.

Standards

A

2

3

4

ANSI/UL 94 - Tests for Flammability of Plastic Materials for Parts in Devices and Appliances.
CSA C22.2 No.107.2 — Battery Chargers.

IEEE 485 - Recommended Practices for sizing Lead-Acid Batteries for Stationary
Applications.

Canadian Electrical Code as adopted by the Province of Manitoba (CEC)

Submittals

A

Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
Complete assembly and installation drawings, wiring and schematic diagrams, together with
detailed specifications and data covering materials used, parts, devices and other
accessories forming a part of the equipment furnished. The data (in metric units) and
specifications for each unit shall include, but not be limited to, the following:
.1 120V DC Power Supply.

.1 Overall Dimensions.

.2 Materials of Construction.

.3 Installation Details.

N

Ventilation Requirements.
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)

Any Special Mounting or Support Requirements.
.6 Functional Line Diagram Showing All System Components.

.7 Internal and External Wiring Diagrams.

o

Equipment Data Sheet.
.2 Distribution Panel Board-Breaker Type;
.1 Overall Dimensions.
.2 Materials of Construction.
.3 Any Special Mounting or Support Requirements.
4 Detail of Panel.
.5 Branch Breaker Type.
.6 Ampacity and rating.
.3 Submit calculations for battery sizing.
2. PRODUCTS
21 Manufacturers and Products
.1 Acceptable Manufacturers:
.1 RIC Electronics.
.2 Staticon (CD Nova).
.3 Or approved equivalent.
2.2 Performance and Design Criteria

.1 Equipment will be designed for long service life under conditions specified herein, including
corrosive atmospheres and intermittent or continuous operation.

.2 All parts which are exposed to corrosive conditions shall be made from corrosion resistant
materials.

.3 All status indication shall be normally open, Form C, dry contacts, rated 5 A at 120 V AC,
which close to indicate the respective condition.

4 The power supply modules, base unit and panel board shall be the standard product offering
of the manufacturer.

.5 Battery Characteristics:
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The nominal battery voltage shall be 125 VDC.

.2 The battery shall be valve regulated lead acid (VRLA) or absorbed glass mat (AGM)
(sealed) type with a life expectancy of twenty (20) years, based on demonstrated
longevity of the class and construction of the cell at an average ambient of 25°C.

.3 The battery cell safety valve shall have a flame arrestor to prevent the possibility of
external sparks entering the cell.

4  The battery cells shall be provided in high-impact, non-flammable polypropylene or
thermoplastic (nominal 12 volt) 6-cell containers with ample space at the bottom for
sediment collection. Batteries shall be sealed low-maintenance type (no watering or
special ventilation) and complete with all inter-cell cables, hardware and terminals.
Inter-cell connectors shall be tin-plated (low maintenance) and protected by clear flame
retardant plastic covers unless inherently insulated (no exposed conducting material) in
normal use.

.5 All battery cells shall perform at 100 percent rated capacity upon shipment.

.6 All cells shall float at a voltage within plus/minus 0.05 V of the average.

2.3 Configuration, Components and features
.1 General:
.1 Provide charger to recharge/float charge a battery and power DC loads.
.2 Provide VRLA (valve-regulated lead acid) batteries to power DC loads.

.2 Battery Charger:

A

A

Battery charger will be rated as listed below

Input AC voltage: 120/208 V, 19
Frequency: 60-Hertz + 5%

Efficiency at: Nominal Load: >85%

Output DC Voltage: 125(130) V

Output Current: As required

Temperature: 10°C to 40°C

Humidity: 0 to 95%

Altitude: 1250 m or per final design
MTBF: 300,000 hours

The battery charger shall be an automatic IGBT controlled and filtered unit designed for
an industrial environment, housed in a steel cabinet with hinged door. The charger shall
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be designed and manufactured to operate a lead-calcium type battery and floating load
connected to its output terminals.

.2 The charger shall be rated for a 208 V, 3 Ph, 3- or 4-wire, 60 Hz AC input. The charger
shall fully recharge a 100 percent discharged battery within ten (10) hours and
simultaneously carry a minimum load of 1200 W. The nominal output voltage shall be
125 VDC. The charge system output current rating shall be minimum 25 A, continuous,
such that if one battery bank is disconnected for maintenance, the opposite charger can
supply both DC distribution panels loaded together up to 19 A continuous, and use
remaining 6 A to recharge the remaining battery if required.

.3 The charger shall include transient voltage protective circuitry to minimize the effects of
transient voltages in either the internal or external AC or DC circuits.

4 The DC output voltage shall be adjustable over the recommended range of float
voltages of the batteries.

.5 When float charging a battery, the DC voltage variation shall not exceed plus or minus
1 percent of the setting under any rated condition of operation including plus or minus
10 percent input voltage variation.

.6 The charger shall have an automatic constant voltage operating mode with current limit.
The battery charger shall limit DC output current to 110 percent of its full load rating
under any condition of load demand up to and including a completely discharged
battery. No AC or DC circuit breaker shall operate (trip open) when the charger is
connected to a discharged battery under normal operating conditions.

.7 The maximum RMS ripple voltage shall not exceed 5 percent of the average DC
voltage when connected to a battery with ampere-hour capacity of at least four times
the charger DC current rating. The maximum RMS ripple voltage shall not exceed 2
percent when disconnected from the battery.

.8 The charger will include a low DC voltage alarm with a fifteen (15) second time delay
and an adjustable pick-up range of 105 to 125 V. Alarm LED lamp and status contacts
(Form C rated for 120 VAC) wired to terminal blocks shall be available for use as
follows:

.1 AC power failure.

.2 DC ground fault, positive or negative.

.3 High DC voltage, with fifteen (15) second time delay alarm.
4 Low DC voltage, with fifteen (15) second time delay alarm.
.5 Charger failure (no DC current) or rectifier failure.

.6 Battery discharging.

.7 Direct current limit.

.8 Common lamp test/reset switch.
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.9 The charger shall automatically control the charging rate depending upon the
condition of the battery and load.

.9 The charger shall also include the following features, as a minimum:

.1 DC voltmeter (2 percent accuracy).

.2 DC ammeter (2 percent accuracy).

.3 Independently adjustable float and high rate (equalize) potentiometer.

4 Adjustable current limit potentiometer.

.5 Float-equalize selector with equalize rate timer. Manual selection provided.

.6 High rate (equalize) indicating light.

.7 AC power "ON" light.

.8  Ground detection lamps.

.9 Power transformer.

.10 Rectifying circuitry.

.11 AC and DC surge voltage suppressors.

.12 Reverse polarity protection.

.13 "Soft" start circuit.

.14 Charger shall be designed to prevent component failure if the AC input is
energized prior to closing the DC output circuit breaker to load or battery.

.10 Provide 12 pulse charger to reduce the input line harmonics and to reduce AC ripple.

.11 Charger Protection

.1 Provide one two-pole thermal magnetic circuit breaker with shunt trip for charger
input. Standard thermal magnetic breaker 10 kA rated or per final design.

.2 Provide two-pole thermal-magnetic circuit breaker with shunt trip for charger
output. Charger shall trip breaker when the high-voltage shutdown circuit senses
rising charger voltage. Standard thermal magnetic breaker — 2pole 5 kA rated or
per final design.

.12 Metering

.1 Provide flush-mounted digital DC voltmeter and ammeter, 3.5-digit scale,
plus/minus 1 percent of full scale accuracy.
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.13 Temperature Probe: provide 9.5 mm diameter, shock-resistant type probe, hermetically
sealed in glass rod. Equip probe with 7 m of cable

.3 Battery Characteristics
.1 General:

.1 Provide VRLA batteries rated minimum 160 ampere-hours or greater with a 20-
year float life.

.2 Battery shall be of an absorbed glass mat (AGM) sealed valve regulated lead acid
type. Battery shall not release electrolyte if positioned on its side or accidentally
dropped, cracked or broken.

.3 Battery electrolyte specific gravity shall not exceed 1.300.

4 Equip battery cell with a catalyst vent assembly that can reduce the float current
water loss, positive grid corrosion, and cell impedance.

.5 Equip battery cell with tin bath dipped copper posts for each cell. Each post shall
be capable of torque values of 110 inch pounds. Posts shall be capable of
supporting inter-tier or inter-step cabling without additional support bracket.

.6 Battery module will be capable of top, front or side termination.
.2 Ratings

.1 The battery will consist of the required number of lead-calcium cells interconnected
with proper connectors provided by the battery manufacturer to provide a nominal
battery rating of 125 V.

.2 The battery will have an ampere-hour capacity equal to at least 125 % of the sub-
station’s direct-current requirements including normal continuous loads plus
intermittent loads.

.3 Normal continuous load capacity shall be adequate for a 24 hour period.

4 Intermittent load capacity shall be adequate so at least three closings of each of
the switchgear’s associated circuit breakers can occur in an 8-hour period with no
more than three circuit breaker units simultaneously operating.

.5 Battery circuits shall be ungrounded.

.6 Provide battery designed for 1200 cycles at 80% depth of Discharge (DOD) to 1.75
volts per cell.

.7 Provide battery string capable of making a minimum of 90% of its rated ampere-
hour capacity at the 8-hour rate to 1.75 V pc (volt per-cell). 100% of all cells shall
be capacity tested at the factory.
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.8  Battery string will have no cell fall below the 1.89 V pc limit when discharged at the
5-hour rate. The battery manufacturer shall provide test data at 1 and 3-year
intervals.

.9 Provide battery string with a minimum cell capacity of 90% and on average a string
capacity of 100%.

.10 Provide battery with cell recharge efficiency of at least 90% when delivered.

.11 Battery cell shall have 98% recombination efficiency upon delivery when operated
at normal float conditions

.3 Provide calculations for the battery and associated charger, indicating the basis used in
defining loads, selecting cell types, and determining the battery ampere-hour capacity
and physical size. Calculations shall be provided to determine capacity for the battery
charger and be similar to those shown in the Appendix to IEEE Std. 485, including
explanatory data. Calculations for the battery charger shall demonstrate that the output
voltage and current provided are adequate to comply with the preceding requirements

4 Battery Rack:

.1 When multi-tier: Bottom tier minimum 120 mm above floor, top of battery cells on
highest tier not more than 1200 mm above floor. Arrangement shall allow cell
replacement without disturbing or removing other cells.

.2 Freestanding bolted to floor.

.3 Exposed external sides adjacent to batteries shall have easily removable clear cover.

4 Frames: Angle iron with welded joints ground smooth.

.5 Rails: Steel channels, welded or bolted to frame.

.6 Rubber strips shall insulate rails from cells.

.7 Primed and epoxy painted to prevent corrosion.

.8 Corrosion-resistant bolts and hardware.

.9 Configuration shall allow any one cell container to be removed without removing any
other cell container.

.10 Dimensions of space available as per final Design.
.11 Steel for battery racks: to CAN3-G40.20-M
.5 Battery Accessories:
.1 The battery system shall be furnished as a complete assembly. All cell interconnecting

cables and straps (including inter-step and back-to-back inter-rack connector ions),
terminal plates, connectors, bolts, washers and nuts required shall form a complete
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assembly to be included with the system. Cell interconnections shall be insulated, with
no live parts exposed.

.2 The battery system shall be furnished with following accessories:
.1 Two (2) thermometers.
.2 Cell liting device (if available).
.3 Cell number set.
4 No-oxide grease.
.3 Two (2) spare inter-cell cables with connectors, nuts and bolts.
4 Two (2) spare inter-tier cables with connectors, nuts and bolts.
.6 Transfer Switches:

1 Two (2) 250 VDC, 200 A, two-pole, three-terminal, three-position manual-transfer
switches shall be supplied to receive 125 VDC from either of two (2) batteries, each
connected to one of the switch source terminals and supply a circuit breaker distribution
panel connected to its load terminals. The contacts of the transfer switch shall be break-
before-make as the switch is moved from source A to OFF to source B position. The
switch mechanism shall be a load break design rated for a minimum of 1000 operations
at rated current. Auxiliary Form C contact shall be provided for each switch position,
rated 120 VAC 5 A and 30 VDC 2 A and wired out to Weidmuller terminal blocks for
external connection.

.7 DC Breaker Distribution Panels:

.1 The DC circuit breaker distribution panels shall be rated 250 VDC, 200 A and have a
100 A main breaker with a power bus arrangement to house a minimum of six two-pole
magnetic molded case load breakers with a minimum of 10 kA interrupting capacity or
per final design.

.2 The ampere rating of the molded case circuit breakers shall be coordinated with the trip
and close circuit fuses of the upstream equipment so an overload or fault occurring on a
breaker trip or close circuit will not trip the molded case circuit breaker supplying the
switchgear 125 VDC control bus. The circuit breaker rating shall support the charging or
tripping of the downstream breakers simultaneously without being activated to trip.

.3 Each circuit breaker, main and feeder, shall have means for padlocking in the open
position.

3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer’'s recommendations and as required by the Final
Design.



RFP No. 659-2018B Section 16241

The City of Winnipeg Page 9 of 9

NEWPCC Upgrade: Headworks Facilities March 2020
DC STATION BATTERY POWER SUPPLY

.2 Perform tests in accordance with Section 16020 — Electrical Testing.

END OF SECTION
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1. GENERAL
1.1 Summary
.1 This Section specifies supply and installation of lighting and control distribution transformers.
1.2 Standards
.1 CSA C22.2 No. 47 - Air-Cooled Transformers (Dry Type).
.2 CSA C9 - Dry-Type Transformers.
.3 CSA C802.2 Minimum Efficiency Values for Dry-type Transformers.
4 Canadian Electrical Code (CEC) as adopted by the Province of Manitoba.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Indicate type, capacity, voltages, overall dimensions, weight, impedance, X/R ratio, , primary
and secondary voltages, nameplate data, frequency, BIL, insulation type and temperature
rise, full load efficiency, polarity or angular displacement, energy efficiency ratings, and
transformer damage curve.

2, PRODUCTS
21 Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Hammond Power Solutions
.2 Delta
.3 Schneider Electric
4 Rex Power Magnetics
.5 Or approved equivalent
2.2 600 V — 120 / 208 V Transformers
.1 CSA certified
.2 Type: ANN for indoor use

.3 Rating: As required, with minimum 25% spare capacity.
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10

1

12

13

14

Mounting: Wall Mounted for ratings 45 kVA and below. 75 kVA and above floor mounted on
housekeeping pad.

Primary Winding: 600 V configured in delta

Secondary Winding: 120 / 208 V wye, four wire with neutral brought out.
Winding Material: Copper

Voltage taps: 2 FCBN, 2 FCAN, in 2.5% increments.

Insulation: Class 220°C, 150°C temperature rise.

Efficiency: Meets NRCan efficiency levels

Basic Impulse Level (BIL): 10kV

Sound level: Standard

Impedance: Standard

Enclosure: NEMA 3R

23 Finishes

A

Provide equipment finishes in accordance with Section 16010.

3. EXECUTION

3.1 General

A

Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

Perform tests in accordance with Section 16010 — Electrical - General Requirements.
Perform tests and document results. Record secondary voltage when transformers are

carrying approximately 75% of full load. Adjust tap connections to give a secondary voltage
of 120 Volts phase to neutral. Set tap connections for above 120 Volts rather than below.

END OF SECTION
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1. GENERAL
1.1 Summary

.1 This Section specifies supply and installation of dry-type power transformers up to 2 MVA.
1.2 Standards

.1 CAN/CSA C9 - Dry Type Transformers.

.2 ANSI Standard C57.12.01 - General Requirements for Dry Type Distribution and Power
Transformers.

.3 CSA C22.2 No.47 - Air Cooled Dry Type Transformers
4 ANSI Standard C89-2 - Dry Type Transformers for General Applications.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Indicate type, capacity, voltages, overall dimensions, weight, impedance, X/R ratio,
primary and secondary voltages, nameplate data, frequency, BIL, insulation type and
temperature rise, full load efficiency, polarity or angular displacement, energy efficiency
ratings, and transformer damage curve.

2, PRODUCTS
21 Manufacturers and Products
.1 Acceptable Manufacturers:

.1 ABB.

.2 Schneider Electric

.3 Siemens

4 Eaton Transformers

.5 Or approved equivalent.

2.2 Performance Criteria

.1 cUL labelled Dry type transformer, 3 phase, 60 Hz, convection air cooled ANN type for
indoor use.

.2 Nominal primary voltage:
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1 1247 kV, 60 Hz, 3 phase, 3 wire, ungrounded,.
2 416 kV, 60 Hz, 3 phase, 3 wire, ungrounded,.
Nominal secondary voltage:

.1 4.16 kV wye connected, 3 phase, 4 wire, 4 bushings suitable for resistance grounding with
insulated X0 bushing.

.2 600V wye connected, 3 phase, 4 wire, 4 bushings suitable for resistance grounding with
insulated X0 bushing.

Efficiency: Meet or exceed NRCAN standards.

Basic Impulse Level (BIL):

A 12.47kV Primary: 95kV

2 4.16kV Primary: 60kV

.3 4.16kV Secondary: 60kV

4 600V Secondary: 30kV

Operating Duty:

.1 Two parallel transformers are sized to normally operate at less than or equal to 50%
load, with each transformer capable of delivering full load rating for an indefinite

duration when required.

.2 The transformer shall have the capacity to allow inrush of transformers connected to the
secondary in addition to remaining standing loads.

Windings: Copper primary and secondary
Impedance: Standard.
Short Circuit Withstand:

.1 The transformer shall be designed to withstand 3-phase short circuit condition on either
the primary or the secondary for a minimum of two (2) seconds.

.2 The transformer shall have a fully line-to-line voltage and BIL insulated neutral and shall
withstand the mechanical and thermal stresses for single phase line-to-ground short
circuits with the neutral solidly grounded.

.10 Voltage Taps:

A1

.1 Four (4) 2.5 percent taps, two (2) - FCAN, two (2) - FCBN.

Tap Changer:
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.1 Off-load tap changer with controls located in cable compartment, with provision for
padlocking.

.12 Bushings:
.1 Three bushings for primary winding terminations.
.2 Four bushings for secondary winding terminations.
.13 Temperature Rise: 200°C insulation system class, 80°C temperature rise.
.14 Enclosure
.1 Heavy duty ventilated NEMA 3R enclosure fabricated from sheet steel.
.2 Bolted removable panels for access to tap connections, enclosed terminals.

.3 Anti-vibration pads/isolators shall be used between the transformer core and coil and
the enclosure.

4 Brace coils to provide high mechanical strength to resist displacement at high fault
currents.

.15 Voltage Taps
1 2x2.5% FCAN and 2 x 2.5% FCBN.
.16 Tap Changer
.1 Bolted-link type.
.17 Coil and core assembly:
.1 Vacuum cast epoxy.
.2 Taps located at front of coils for accessibility.
.18 Method of cooling:
.1 Self-cooled and/or forced fan cooling.
.19 Accessories
.1 For transformers above 75kVA, provide a winding temperature detector relay with
digital display and two sets of SPDT contacts. Sensing elements shall be provided for
each of the three coils and connected to the relay.

.2 Wiring and terminal box for protective devices.

.3 Grounding terminal: inside of enclosure.
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23 Finishes
.1 Painting:

.1 All external metal surfaces shall be thoroughly cleaned and primed to protect against
corrosion, and finished with a final coat of epoxy paint.

.1 ASA No. 61, light grey.

.2 All paint shall be rated for outdoor duty in a corrosive atmosphere. One (1) 1 litre can
and one (1) non-CFC aerosol can of each type of paint to be supplied for each.

24 Identification
.1 All wires shall be identified at both ends with the wire numbers. Thomas & Betts type "SM"
single markers shall be used. All terminal blocks shall be identified and marked with the wire

numbers.

.2 Nameplates:

.1 Nameplates shall be laminated plastic in accordance with Section 01080 and as
indicated in the Standard Details.

.2 All relays, selector switches, breakers within the control cabinet shall be clearly
identified and this identification will agree with the schematic and wiring diagrams.

25 Spare Parts

.1 Provide a complete list of control fuses for each transformer.
3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020.

.3 Provide certified factory test reports for each of the power transformers.

END OF SECTION
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1.1

1.2

1.3

21

GENERAL
Summary
.1 This Section specifies supply and installation of liquid cooled power distribution transformers.
Standards

.1 IEEE Standard C57.12.00 - General Requirements for Liquid-Immersed Distribution, Power and
Regulating Transformers.

.2 |EEE Standard C57.12.10 - Requirements for Liquid-Immersed Power Transformers.

.3 |EEE Standard C57.12.36 - Requirements for Liquid-Immerse Distribution Substation
Transformers.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials and will include the following minimum
.1 Anchoring method and dimensioned foundation template.
.2 Dimensioned cable entry locations.
.3 Dimensioned cable termination height.
4 Transformer impedance.
.5 Transformer efficiency.
.6 Identified internal and external component layout on assembly drawing.
.7 Insulating liquid capacity.
.8 Detailed wiring diagrams.
.9 Minimum clearances to ceilings, walls and other equipment
.10 Detailed cut-sheets for instruments and other components
PRODUCTS
Manufacturers and Products
.1 Acceptable Manufacturers:

.1 ABB.
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.2 Carte.

.3 Cooper Power Systems.

.4  Schneider Electric

.5 PTI Transformers.

.6 Or approved equivalent.
2.2 Performance Criteria

A

10

1

Transformer Construction:

A

cUL labelled, Dead-front, liquid filled KNAN pad mounted power transformer, complete
with compartment mounted primary and secondary cable bushings and accessories to
form a complete factory assembled, self contained unit for mounting on concrete pad.

Nominal primary voltage: 12.47 kV , 60 Hz, 3 phase, 3 wire, ungrounded,.

Nominal secondary voltage: 4.16 kV wye connected, 3 phase, 4 wire, 4 bushings suitable for
resistance grounding with insulated X0 bushing.

Efficiency: Meet or exceed NRCAN standards.

Basic Impulse Level (BIL):

A

2

12.47kV Primary: 95kV

4.16kV Secondary: 60kV

Operating Duty:

A

Two parallel transformers are sized to normally operate at less than or equal to 50%
load, with each transformer capable of delivering full load rating for an indefinite
duration when required.

The transformer shall have the capacity to allow inrush of VFD transformers connected
to the 4160V system as indicated in addition to remaining standing loads.

Windings: Copper primary and secondary

Impedance: Standard, 6.5% with maximum 7.5% variance. Transformer impedance shall be
matched between units to allow parallel operation.

Temperature Rise: Transformers shall be KNAN and have 65°C temperature rise with a
continuous rating.

Sound rating: Not to exceed 67dB at KNAN rating.

Short Circuit Withstand:
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.1 The transformer shall be designed to withstand 3-phase short circuit condition on either
the primary or the secondary for a minimum of two (2) seconds.

.2 The transformer shall have a fully line-to-line voltage and BIL insulated neutral and shall
withstand the mechanical and thermal stresses for single phase line-to-ground short
circuits with the neutral solidly grounded.

.12 Tank Construction:

A3

14

15

16

A7

.1 The transformer shall be of the sealed tank type
.2 Base shall be suitable for jacking, skidding or rolling in any direction.
.3 Provided with pressure relief device.

4 Top plate shall be gasketed and bolted in place to allow for core removal and

inspection.

Voltage Taps:

.1 Four (4) 2.5 percent taps, two (2) - FCAN, two (2) - FCBN.

Tap Changer:

.1 Off-load tap changer with controls located in cable compartment, with provision for
padlocking.. .

Bushings:

.1 Three bushings for primary winding terminations.

.2 Four bushings for secondary winding terminations.

Insulating Liquid:

.1 The transformer shall be filled with Envirotemp FR3 transformer oil.

Provide all accessories suitable for the service conditions specified for the transformer.

Accessories will include:

.1 Tank mounted detachable radiators. The transformer tank shall also be equipped with
shut off valves and the radiators with drain and vent plugs. Valves and hardware shall
be stainless steel. All valves shall have provision for padlocking.

.2 Gas sampling valve. Valves and hardware shall be stainless steel.

.3 Lifting, moving and jacking facilities capable of handling the total filled weight of the
transformer.

.1 Lifting lugs or lifting points shall be clearly identified.

.2  Centre of gravity shall be clearly identified.
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10

1

A2

A3

14

15

16

A7

2.3 Finishes

Pressure relief device adequate shall prevent rupture of the tank or its fittings during
fault conditions. Self-reset with shroud shall deflect hot fluid away from the front of the
transformer complete with an alarm contact that is activated during pressure relief
action and must be manually reset after activation.

Liquid level gauges with pre-set alarm and trip contacts prewired to terminals in Control
Cabinet.

Liquid temperature gauges with drag hand for maximum indication complete with pre-
set alarm, trip contacts and resistive RTD (Pt100) analogue.

Winding temperature gauges with drag hand for maximum indication, complete with
alarm, trip contacts and resistive RTD (Pt100) analogue output.

Liquid drain valve and sampling valve. Valves and hardware shall be stainless steel.
Non-corrosive stainless steel grounding pads

Anti-condensation heater with integral thermostat in control cabinet.

Vacuum/pressure gauge with facilities for isolating the gauge so that it may be removed
for calibration without draining the tank or allowing moisture into the tank when the

gauge is removed.

Off-circuit tap position indicator and all gauges clearly visible and readable from ground
level.

Padlockable handle for off-circuit tap changer shall be operable from ground level.
Diagram instruction nameplate, stainless steel.

Control cabinet. The cabinet shall be made of Type 316 stainless steel, NEMA Type 4X
enclosure. Hinges and all fastening hardware including clamps, locks, nuts, and bolts
shall be made of stainless steel.

Pressure/vacuum bleeder device.

Sudden pressure trip relay, suitably rated for the low temperature ambient. Pressure trip
contacts shall be Form C.

.1 Painting:

A

2

All external metal surfaces shall be thoroughly cleaned and primed to protect against
corrosion, and finished with a final coat of enamel:

.1 Equipment to be ASA 61 grey.
All paint shall be suitable for outdoor duty in a corrosive atmosphere. For each type of

paint, one (1) 1 litre can and one (1) aerosol (non CFC) spray can shall be supplied for
touch-up after installation for each transformer.
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.3 All paint shall be lead-free.
24 Identification
.1 Nameplates:

.1 Nameplates to be laminated plastic in accordance with Section 01080 and as indicated
in the Standard Details.

.2 All relays, selector switches, breakers, and other devices on and within the control
cabinet shall be clearly identified with laminated plastic type nameplate

3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the technical requirements.

.3 Provide certified factory test reports for each of the power transformers.

END OF SECTION
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1. GENERAL
1.1 Summary
.1 This section covers work related to the provision of low voltage harmonic filtering equipment.
1.2 Standards
.1 WWD Electrical Design Guide in Appendix 18D — City Standards.
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
2, PRODUCTS
21 Manufacturers and Products

.1 Acceptable Manufacturers:

.1 Eaton

.2 Schneider Electric.

.3 Or approved equivalent.
2.2 Configuration, Components and Features

.1 The low voltage harmonic filtering equipment shall be responsible for simultaneous harmonic
correction, and power factor correction:

.1 Closed loop, digital FFT harmonic cancelation to meet IEEE 519 for harmonic limits
apparent at reference busbar for operation on Utility power and standby generator.

.2 Power factor correction to achieve 0.95 lag power factor at reference busbar:
.2 Supply voltages and ratings:

.1 Operating Voltage of 600V +10% / -15%, for operation on system nominally rated 600
V, 3 phase 4 wire, 60 Hz

.2 Operating range 208V +10%, for operation on system nominally rated 208 V, 3 phase 4
wire, 60 Hz.

.1 Provide equipment capable of correction of single-phase harmonics where
required for 120 V non-linear loads.
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.3 Output current rating of each unit as required to meet harmonic correction and power factor
correction requirements at each reference busbar, with spare capacity per Schedule 18.

.1 The equipment output shall be self-limited, and compatible with selected upstream
circuit breaker protection.

.2 Equipment capacity requirements shall be based on loads that are required to operate
to meet facility peak flow requirements, in addition to operation of all auxiliary systems
and building services connected to that reference busbar.

.1 Equipment ratings that rely on a diversity factor to satisfy the harmonic and power
factor requirements shall be subject to approval. Calculations and diversity
assumptions shall be submitted for review.

.2 Equipment selection shall be validated by harmonic analysis per Appendix 18K —
Special Studies and Models.

4 Harmonic spectrum cancellation: 2nd to 51st
.1 Harmonic correction time: 2 cycles
.2 Resonance detection and avoidance
.3 Optimized power factor control to set-point of 0.95 lagging
4 Discrete outputs, configured as indicated
.5 Color HMI
.6 CSA certified
.7 Enclosure: Freestanding NEMA 1 for installation in electrical rooms.

.5 Each unit to have three reference CTs, to be installed downstream of main circuit breaker
associated with the reference busbar. CTs to be free-issued to MCC manufacturer for shop

integration.
3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the Technical Requirements.

.3 Perform tests in accordance with Section 16020.

END OF SECTION



RFP No. 659-2018B Section 16290
The City of Winnipeg Page 1 of 6
NEWPCC Upgrade: Headworks Facilities March 2020

POWER MANAGEMENT AND CONTROL SYSTEM

1.1

1.2

1.3

1.4

21

GENERAL

Summary

.1 This Section specifies the functionality of power management and control system (PMCS).

Standards

.1 IEC 61850 - Communication Protocols.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

A

2

5

.6

Manufacturer's descriptive literature for materials.
Provide shop drawings in accordance with Sections 01300 and 16010.

Functional description of the PMCS including proposed system architecture, redundancy
and network configuration.

Site test plan for the PMCS.
Product data sheets showing compliance with specified PMCS and application modules.

Load shedding controls matrix for load priorities in different scenarios.

Warranty

.1 The PMCS manufacturer shall provide a full time telephone technical help centre for the
duration of the warranty period.

.2 Two (2) years of service support to include software upgrades, technical specialist phone
support, system operational status reviews through remote system access.

.3 One (1) year system audits and consulting services

4 Technical phone support from PMCS specialists (forty (40) hours or more per year) for a
minimum of two (2) years.

PRODUCTS

Manufacturers and Products

.1 Acceptable Manufacturers:

A

ABB.

.2 Or approved equivalent.
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2.2 Performance Criteria

A

3

The intent is that the PMCS shall provide a degree of protection and stability for critical loads
where utility transformers are close to overload, or where standby power does not have
sufficient capacity to operate all processes.

The PMCS shall provide the following functions:

A

2

Electrical network configuration determination.

Continuous monitoring of the facility electrical distribution system loading and operating
parameters. Automatic calculation of shedding priorities based on power balance,
generator availability and spinning reserve, and utility availability.

Load Shedding

.1 Fast load shedding to allow ride through a capacity deficit.

.2 Slow (overload or maximum demand based) load shedding

.3 Manual load shedding

4 Underfrequency load shedding as a backup to fast and slow load shedding

Automatic Restoration of shed feeders on a priority basis once supply capacity has
recovered, or utility power has been restored.

The PMCS shall select load priority in accordance with Schedule 18 Appendix M
Classification of loads.

The PMCS includes the following:

A

2

Communication network of electrical power metering and monitoring devices.
Interface to metering and/or protection devices or intelligent electronic devices (IED’s).

Interface to facility automation system (PCS) and automatic load transfer system
described in Section 16415.

.1 The preferred approach to primary load control is that the PCS enables and disables
certain loads and processes based on the current power balance. This can remove
the need for the PMCS to carry out load shedding. This is preferable as it allows
building services such as HVAC, lighting and heating loads to remain operational
throughout the plant.

.2 The PMCS shall communicate with the PCS the available power balance such that
it can be used by the PCS in determining whether a process or load should be
started at the time of it being required.

.1 The intent is that the PCS shall use this value prior to operating
any Priority 3 and 4 loads that are controlled by the PCS.
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.2 Where there is insufficient power balance available, the PCS
shall generate an alarm and prevent starting of the load until the
operator can shut down less essential loads to free up additional
capacity.

.3 Implementation of this functionality to existing systems and
processes is outside the scope of this project but shall be
available for equipment installed in this project, and for use in
other areas in future.

4  The intent is that the PCS shall control loads such that 12.47kV
transformer or generator capacity does not exceed a set-point,
nominally 90%.

.5 This feature can be enabled or disabled from operator HMI
screens.

4 PMCS Network:

.1 PMCS Ethernet networks shall offer full redundancy and allow programming and
troubleshooting the main controllers and other IED devices over the network.

.5 Load Shedding:
.1 PMCS shall shed loads in less than 100 msec in accordance with the Final Design.

.2 PMCS shall use data from the load flow in the distribution network. Data (which has been
validated by PMCS software) regarding the loads on the MV and LV busses and the
power generated by each generator is sent to the central load shedding function by IEC
61850 network.

.6 Granularity

.1 The PMCS shall be provided with control of the number of IEDs and priority to achieve a
suitable degree of granularity. As a minimum:

.1 The 12.47kV System shall have metering and shedding capability of every feeder
breaker in the Area E and generator facility. Each feeder shall be assigned a unique
priority level.

.2 The 4.16kV system shall have metering and shedding capability for every feeder
breaker and every E2 starter installed under this contract and exists in Area E. Each
feeder shall be assigned a unique priority level.

.3 600V systems shall have metering and shedding capability for every withdrawable
power circuit breaker installed under this contact and exists in area E. Each feeder
shall be assigned a unique priority level.

4 Switchgear feeder breakers supplying 600V power to any transformer that serves
safety back-up loads on the 208V low voltage system shall be IED type, be separate
to and have a priority level independent of an MCC or other loads served by the
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same 600V switchgear. The intent is to preserve safety back-up loads on
panelboards as long as possible, even after the 600V MCC loads have been shed.

.2 The PMCS shall be expandable such that additional IEDs can be added to each voltage
level in future by addition of local nodes of the PMCS system. The intent is that power
distribution across the entire facility will be managed by a fully integrated system. Unique
priority levels shall be reserved for future devices.

.3 The PMCS load shedding system will continuously perform power balance calculations
and assign load shedding priorities. As soon as a deficit occurs, e.g. the tripping of a
generator and the load in the configuration exceeds the available generated power, it is
necessary to shed the surplus of loads to maintain stability and continuous operation.

2.3 Configuration, Components and features
.1 Power Meter Characteristics:
.1 Power meter data shall be available from power meters specified under section 16291.
.2 Protection Device Characteristics:

.1 Each specified LV circuit breaker will have an intelligent type protective trip unit that will
display and communicate the following information to the PMCS using IEC 61850
protocol communication. .

.2 Provide the following breaker/trip unit information to the PMCS network:

.1 Breaker frame size and trip unit options.
.2 Breaker sensor rating.
.3 Rating plug.
4 Breaker status information.
.5 Type of last trip (overload, short circuit, ground fault)
.6 Breaker trip counters (Inst., short time, long time, ground fault)
.7 Trip unit setup
.3 Provide the following metering information:
.1 RMS current per phase
.2 RMS voltage (line to line and line to neutral)
.3 Real, reactive and apparent power.

.4 Power factor

.5 Frequency
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.3 Protective Relay Characteristics:
.1 Each main, feeder and generator breaker are to be protected by protection relay able to

communicate status and electrical power information to the PMCS using IEC 61850
protocol communication.

.1 RMS current per phase.
.2 RMS voltage.
.3 Generator Power: kW, KVAR, kVA.
4 Energy use MWh, MVARh.
.5 Power factor.
.6 Demand and peak demand for current and power (kW, kVAR, kVA).
.7 Frequency.

24 Equipment and System Controls

.1 Data Collection:

.1 The software will collect all data recorded by the IED’s. This will involve retrieving data
from the various stored logs to include historical or trend logs, power quality logs and
waveform logs. Each meter location will have its own data collection frequency. The
power quality meter and data collection configuration information to be stored in a
relational database. Error checking to be used to verify data integrity.

.2 Time Synchronization:

.1 The system data collection layer will use a GMT standard to account for time zones and
time changes. The collected data will use the time stamp of the monitor itself and will not
be adjusted by the system.

.3 Alarm Event Notification:

.1 The system will provide a high level of flexibility to alarm and notify personnel when a
user-defined event has occurred. For each monitor system or distribution centre, the
ability to be provided to select an “event parameter” with high and low limit, and desired
action. The system supplier will provide details of the proposed system’s capabilities or
make recommendations of the options available to provide the alarming capability.

.2 The system will accommodate a unique text message defined by the user to describe the
alarm condition and the monitor. Upon alarm, one or more designated people to be
notified and/or emailed with the text message. All alarms to be recorded in an alarm log.
All software required to do natification to be included.

.3 The system will also provide for automatic report generation triggered by an alarm

condition. All report generated by the system to be available to be triggered by an alarm
condition.
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4 The system will provide a separate Event log and viewer, allowing the user to sort the
events by time stamps and event type.

3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
.3 Factory Acceptance Testing:

.1 PMCS to be tested through simulation of IEC 61850 and Modbus/TCP and before
installation at the facility.

4 Al power quality meters, electronic trip units, transformer temperature monitors, motor
protection devices, to be installed within the supplied electrical equipment for all circuits as set
out in the Final Design.

.5 Where external circuit connections are required, terminal blocks to be provided and the shop
drawings must clearly identify the interconnection requirements, including wire type to be
used. Splices within cabinets are not permitted.

.6 Site Acceptance Tests:

.1 Perform simulated operation tests with power metering, instruments disconnected from
permanent signal and other electrical sources.

.2 Verify correctness of PMCS connections, instruments, signal sources and electrical
supplies.

.7 On-Site PMCS Start-up:

.1 Install all HMI software, graphic screens, system configuration information and point
databases in accordance with PMCS Users Guide.

.2 Start-up will include a complete working demonstration of the PMCS with control and
monitoring of each device in the system and simulation of all operating conditions, which
may be encountered.

.3 Perform load shedding sequences and verify programming sequences as set out in the
Final Design.

END OF SECTION
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1.1

1.2

21

2.2

GENERAL

Summary

A This section covers work related to Section 16010 for the provision of Power Metering.
Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
PRODUCTS
Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Schneider Electric.
.2 Or approved equal.
Power Metering

.1 Basic and Enhanced power meters shall be applied in accordance with City standards and
include as a minimum:

.1 Voltage
.2 Active, reactive and apparent power
.3 Current
4 Frequency
.5 Total current harmonic distortion THDi
.6 Total voltage harmonic distortion THDv
.7 Power factor
.2 The metering package to include the following features:
.1 True RMS measurement.
.2 Min / Max recording capability
.3 Accuracy
.1 Enhanced meters shall have an accuracy of +/- 0.1% or better for volts and amps,

and 0.2% for power and energy functions. The meter shall meet the accuracy
requirements of IEC62053-22 (class 0.2s).
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.2 Basic meters shall have an accuracy of +/- 0.5% or better for volts and amps, and
0.2% for power and energy functions. The meter shall meet the accuracy
requirements of IEC62053-22 (class 0.5s) and ANSI C12.20 (Class 0.2).

4 Instrument Connections

.1 Fourth current input for measurement of ground or neutral current.

.2 Potential Transformers:

.1 Provide three (3) potential transformers for metering requirements.
.2 Direct connection for 600 V, 3 phase, 4-wire configurations.

.3 Current Transformers:

.1 Provide current transformers for metering requirements. Provide shorting
switches or test blocks for all meter CT inputs.

.5 Remote display for mounting on MCC door
.6 Communication:

.1 Power meter to include Ethernet communications module suitable for connection
to the control system Ethernet switch, communications protocol Modbus TCP.

3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Undertake commissioning phases as specified in the technical requirements.

.3 Mount in the control section of the appropriate switch gear breaker cubicle or adjacent meter
compartment.

4 Install appropriate potential transformer and current transformers required for sensing
signals for the meter system.

.5 Install, wire and connect all electrical circuits to the instrumentation package and provide
wiring to an external terminal strip for the relay outputs, digital status inputs and analogue
output port.

.6 Install, wire and connect the communications port of each meter and extend communications

wiring to a location which is easily and safely accessible to facilitate diagnostics, testing and
firmware upgrades.

END OF SECTION
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1. GENERAL
11 Summary
.1 This Section specifies supply and installation of ground fault (GF) equipment and systems.

.2 Neutral grounding system includes 100 percent continuously rated neutral ground resistors
(NGRs), control panels and communication cabling required to complete the system.

.3 The NGR system will include ground fault detection monitoring and alarming system for
12.47 kV standby generators and transformers, 4.16kV transformers, and 600V transformers
rated 1000 kVA and above.
1.2 Standards
.1 ANSI C19.3 - Industrial Control Apparatus — General.
.2 CSA C22.2 No. 14 - Industrial Control Equipment.

.3 |EEE Standard 32 - Requirements, Terminology and Test Procedures for Neutral Grounding
of Industrial and Commercial Power Systems.

4 |EEE Standard 142 - Recommended Practices for Grounding of Industrial and Commercial
Power Systems.

.5 CAN/CSA-C22.2 No. 144, Ground Fault Circuit Interrupters.
.6 NEMA PG 2.2, Application Guide for Ground Fault Protection Devices for Equipment.
1.3 Definitions
.1 Neutral Grounding Resistor (NGR)
.1 Avresistor that connects the neutral point of a power source (including transformers and
generators) to ground to limit the fault current when one phase of the system shorts or
arcs to ground.

.2 High-Resistance Grounding (HRG):

.1 A grounding system with a particular resistor with an impedance is designed to limit the
amount of fault current of the system between 1 Aand 10 A

.2 The grounding system can be rated for 100 percent of the restricted fault current for
continuous operation or limited duration (typically ten (10) seconds or less).

.3 Low-Resistance Grounding (LRG):

.1 A grounding system with a particular resistor with an impedance is designed to limit the
amount of fault current of the system between 100 A and 500A
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.2 The grounding system can be rated for 100 percent of the restricted fault current for
continuous operation or limited duration (typically 10 seconds or less).

1.4 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials and will include specifications, data
sheets, product characteristics, performance criteria and limitations.

2, PRODUCTS
21 Performance Criteria
.1 These devices are used:
.1 To ground the neutral of a three-phase power system using a power resistor.
.2 To limit the magnitude of the ground fault to a predetermined non-damaging level.
.3 To reduce the frequency and number of arc flash and arc blast hazards.
4 To give immediate indication of ground faults.
.2  Electrical system parameters:

.1 Systems requiring an NGR with a line-to-neutral voltage of 347 VAC or 2.4kV shall
utilize high resistance grounding.

.2 Systems requiring an NGR with a line-to-neutral voltage of 7.2kV shall utilize low
resistance grounding.

.1 NGR systems with a line-to-neutral voltage of 7.2kV shall be coordinated with the
existing NGR system ratings and protection settings of the Area E substation.

.3 System modelling shall include the effect on ground fault coordination of the connection
of standby generators in parallel with utility supplies that also have NGRs on the
12.47kV transformers.

.1 Bus differential ground fault protection shall be provided such that a single ground
fault on a 12.47kV bus cannot cause the trip of all generator breakers where the
generators are supporting the entire plant load and tie breakers are closed.

4 Select components to ensure correct interface between sensing resistor and CT within
NGR enclosure with the relay.

.5 Upon detection of a phase-to-ground fault, the NGR system and downstream protection
will:



RFP No. 659-2018B Section 16292
The City of Winnipeg Page 3 of 4
NEWPCC Upgrade: Headworks Facilities March 2020

GROUND FAULT EQUIPMENT

.1 Provide zone selective feeder trip by initiating a trip signal directly to the shunt trip
of the feeder breaker identified as the faulted feeder with the lowest assigned
priority.

.1 Monitor each individual critical feeder breaker via zero
sequence sensor and compatible protection relay.

.2 Provide Alarm upon detection of alarm level ground fault at the NGR relay
associated with the transformer or generator main breaker.

2.2 Neutral Grounding Resistors

A

2

IEEE 32 compliant and CSA approved.

Resistance based on requirements of HRG and LRG configuration, and total system
charging current.

.1 NGRs shall be 10-second rated

.2 The power study and model prepared in accordance with Appendix 18K — Special
Studies and Models shall be used to determine individual requirements and settings for
NGR equipment.

Include current transformers of suitable sensitivity and compatible across the full range of
trip settings of the ground fault relay installed at switchgear. Current transformer shall be
suitable for the connected relay burden plus the associated cable length between the NGR
and the switchgear.

NGR enclosure to include a CSA approved sensing resistor to correctly interface with the
protection relay installed within the switchgear. Sensing resistor required by the ground fault
relay in order to monitor the continuity of the NGR.

The resistive elements shall be low temperature coefficient, resistor grade stainless steel or
nickel chromium rigidly supported at each end to allow for expansion due to heating.

The resistors shall be mounted in corrosion resistant support frames, using stainless-steel
hardware.

The entire resistor frame shall be mounted on insulators rated for the system voltage.

Connections between resistors and bushings or current transformers shall be solid copper or
stainless steel bus or copper cables.

NGR enclosures shall be NEMA 3R suitable for outdoor installation on a concrete pad.
Cables will be bottom entry. Cable connection bushings or terminals shall not extend outside
of the enclosure.

.10 Approved Manufacturers

.1 |-Gard

.2 Approved equal
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2.3 Ground Fault Protection Relays

A

2

CSA approved ground fault protection relays installed within switchgear line-up.

Relay must continuously measure NGR resistance and trip on detection of NGR fault
indicated by a high neutral displacement voltage.

Trip delay to coordinate with downstream ground fault relays.

Provide ground fault system data logging capabilities, including time and date stamping for a
minimum of 99 of the most recent events.

Provide Modbus TCP protocol for communication. Communications to be networked
together and integrated into the automation system.

Monitor phase to ground voltages.

.1 Provide ground fault alarm auxiliary relay output Form C, 10 A, 240 VAC contact for
remote indication.

.2 Provide harmonic filtering for high frequency noise and current attenuation above 90
Hz.

Provide Main-Tie-Main interlocking of LRG or HRG system to prevent closing tie into phase-
to-phase-to-ground fault.

Approved products:
.1 Startco SE-330
.2 l-guard SIGMA.

.3 Approved Equal

24 Spare Parts

A

Include one (1) set of spare fuses for all types of fuses used.

3. EXECUTION

3.1 General

A

2

Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

Undertake commissioning phases as specified in the technical requirements.

END OF SECTION
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1.1

1.2

1.3

21

GENERAL

Summary

.1 This Section specifies supply and installation of 12.47 kV medium voltage switchgear.

.2 Provide switchgear with 125 VDC power supply and backup battery system for switchgear
controls and monitoring requirements.

.3 Provide switchgear with automatic breaker controls to be integrated with standby generator
paralleling system and main utility switchgear controls.

Standards

.1 CSA Standard C22.2 No. 31 - Switchgear Assemblies.

.2 CAN/CSA-1S09001-08, Quality Management Systems — Requirements (ISO 9001: 2008).

.3 CSA CAN3 C13 - Instrument Transformers.

.4 CSA C22.2 No. 178.1 — Transfer Switch Equipment

.5 EEMAC Standard G8-3.2 - Metal-Clad and Station-Type Cubicle Switchgear.

.6 EEMAC Standard G14-1 - Procedure for Testing the Resistance of Metal-Clad Switchgear
under Condition of Arcing Due to an Internal Fault.

.7 ANSI Standard C37.20.2 - Metal Clad Switchgear.

.8 ANSI/IEEE C37.09e - Supplement to ANSI C37.09-1979.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:
.1 Manufacturer's descriptive literature for materials.

PRODUCTS

Manufacturers and Products

A1

Acceptable Manufacturers:
.1 Siemens
.2 Powell Canada Inc.

.3 Or approved equivalent.
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2.2 Performance and Design Criteria
.1 All items listed shall be capable of satisfactory operation indoors in a wastewater treatment
plant atmosphere, subject to the following design criteria and conditions to Winnipeg and the
following electrical system.
.1 Nominal Supply Characteristics:
.1 12.47 kV, 3 phase, 3 wire, LRG neutral
.2 4.16 kV, 3 phase, 3 wire, HRG neutral
.3 Frequency: 60 Hz.
.2 Arc Resistant Protection:

.1 The switchgear assembly shall be design and manufactured to meet all the ANSI
metal-clad switchgear standards plus the requirement of ANSI/IEEE Type 2B arc
resistant equipment.

.2 Provide arc blast vent to the outside of the electrical room. The vent system shall
be designed by the switchgear manufacturer and form an integral component of
the switchgear assembly.

.3 Short Circuit Withstand:

.1 The switchgear shall be designed to withstand:

.1 System maximum phase-to-ground short circuit current determined based on
power study required by Appendix 18K — Special Studies and Models.

.2 System maximum 3-phase short circuit current at nominal system voltage (to
compare directly with interrupting capability of switchgear rated on a
symmetrical current basis).

.3 System maximum available momentary current at nominal system voltage (to
compare directly with bus bracing and closing and latching capability of
switchgear rated on a symmetrical current basis).

2.3 Configuration, Components and Features

.1 Medium-voltage switchgear assemblies shall include the following features as appropriate
for the application:

.1 Metal clad enclosure (indoor).

.2 Busbars.

w

Grounding bus and connections.

.4  Circuit breakers.
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2.4

.5 NEMA class E2 starters.
.6 Multifunction protection relays.
.7 Control functions.
.8 Control panels.
.9 Switchboard metering instruments.
.10 Instrument transformers.
.11 Lightning and surge protection.
.12 Key Interlocks
.13 Tools and accessories
.1 Lifting trolley for removal of breakers.

.2 Grounding Truck, provide a 6-pole ground and test device.

Switchgear Enclosures

.1 The equipment shall be of modular, metal enclosed, floor mounted, dead-front free-standing

type.

.1 Medium voltage equipment shall be compartmentalized such that busbars, circuit side
and LV equipment are housed within separate enclosures. Grounded steel barriers
shall be provided between each section. No access to busbar shall be possible from
circuit side or LV compartments.

Accessible from front and rear.
Relays, control circuits and their power supplies shall be housed in separate low voltage and
controls section for each panel within the switchgear line-up, safely accessible without

exposure to high voltages and without equipment shutdown.

.1 Control switches, lamps and protection relays shall be mounted on the low voltage
compartment door.

Use non-corrosive bolts and hardware.

100mm steel channel sills for base mounting in single length common to multi-cubicle
switchboard. Sills shall have removable lifting points.

Access doors to have hinges on left side, open at least 90° with stops and shall be secured
using multi point latches with the provision for multiple padlocking.

Viewing window of transparent shatterproof material for visual verification of disconnector,
circuit breaker and contactor positions.
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.8

.9

Each shipping section shall be provided with lifting lugs adequately sized for the equipment.
Arc Venting

.1 Plenums shall be provided on the top of the assembly for containment and directing of
material and gases caused by arcs or explosion.

.2 Provide all necessary ducts, transitions and mounting accessories to connect plenums
to exterior wall vents

.3 Plenum vents suitable for the application shall be provided for exterior wall transitions.
Arc vents shall be Explovent or equal with a core insulation rating of R-16.

2.5 Circuit Breakers

A

The circuit breakers shall be horizontal draw-out type, capable of being withdrawn on rails.
The interrupting medium shall be vacuum.

The breakers shall be operated by a motor-charged stored energy spring mechanism,
charged normally by an installed electric motor and in an emergency by a manual handle.
The primary disconnecting contacts shall be silver-plated copper.

Each circuit breaker shall contain three vacuum interrupters separately mounted in a self-
contained, self-aligning pole unit, which can be removed easily.

A contact wear gap indicator for each vacuum interrupter, which requires no tools to indicate
available contact life, shall be easily visible when the breaker is removed from its
compartment.

The current transfer from the vacuum interrupter moving stem to the breaker main conductor
shall be a non-sliding design.

The breaker front panel shall be removable when the breaker is withdrawn for ease of
inspection and maintenance.

A grounded metal shutter system shall automatically cover the line and load stab
connections when the circuit breaker unit is moved to the disconnected position. The shutter
shall be pad-lockable in the closed position. The shutters must be clearly identified as either
busbar or circuit shutters.

Circuit breaker control and indication circuits wired via the breaker umbilical shall allow
operation for maintenance while the circuit breaker is in the test position.

Truck operated switch, device "52H". This auxiliary cell switch shall indicate breaker position
as follows:

.1 NO contacts (open when breaker is in the "test" position and closed when breaker is in
the "operate" position).

.2 NC contact (closed when breaker is in the "test" position and open when breaker is in
the "operate" position).
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.10

A1

12

13

14

15

.16

.3 All required contacts including spare contacts shall be wired to identified terminal
blocks.

Mechanism operated switch, device "52S". This stationary mounted auxiliary cell switch to
be operative only when breaker is in the "operate" or "fully engaged" position and shall
provide indication of breaker status as follows:

.1 NO "a"type contacts (open when breaker is open and closed when breaker is closed).
.2 NC "b" type contacts (closed when breaker is open and open when breaker is closed).

.3 The use of contact multiplying relays to obtain the required quantity of 52S and 52H
contacts shall not be permitted.

Trip free and anti-pumping circuits.
Each circuit breaker shall have a mechanical operations counter.
The following interlocks shall be provided:

.1 Interlock to prevent opening the compartment door unless the circuit breaker is in the
disconnected position and safety shutters are closed. This interlock shall also include
an indication of shutter position on the front of the compartment door.

.2 Interlock to prevent opening the rear door(s) unless the circuit breaker in the front
compartment of the vertical section is in the disconnected position.

.3 Interlocks shall be provided to prevent the circuit breaker from connecting to or
disconnecting from the main bus stabs unless the circuit breaker is open.

.4 Interlock to prevent racking a circuit breaker into a compartment with the door in the
open position.

.5 Interlock to discharge stored energy mechanisms upon insertion or removal from the
housing.

.6 Mechanical interlocks / barriers to prevent manual mechanical operation of circuit
breakers where mechanical operation of circuit breakers is possible using truck
mounted close buttons. A caution notice should also be placed near any such interlock.
Manual mechanical operation is not desirable as this would bypass any check-synch
protection. This inhibit shall not affect manual (local) electrical operation.

The design shall allow normal circuit breaker functions to be carried out with the door closed.
Those functions include: manual open and close, manual racking to and from connected
position, and manual charging of the circuit breaker closing springs.

Shatter proof viewing windows shall be provided on the door to enable viewing of circuit
breaker position inside the compartment, circuit breaker contact status (open/closed), and
spring charged/discharged indication.

It shall be possible to padlock all operating mechanisms, control switches and panel doors.
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.17 Provide circuit breaker lift truck for positioning and insertion of circuit breakers if required.
2.6 NEMA Class E2 Controllers
.1 Controllers are to be NEMA Class E2 type.

.2 Controller to consist of three pole, 5kV vacuum contactor, continuously rated in conjunction
with power fuses for short circuit protection.

.3 The contactor shall be isolated by a non-load-break, 3 pole, quick-make quick-break
isolation switch, rated to match the contactor assembly and operated by an externally
mounted handle. The isolation switch shall open the control power transformer secondary
before opening the main circuit. The switch is grounded in the off position.

.4 Power fuses: Current limiting, HRC.

.5 Control power transformer shall be 3 phase open delta type, rated for 1kVA or as required
for voltage monitoring by the VFD equipment

.6 Mechanical interlocks shall be provided to prevent:
.1 Operation of isolation switch under load.
.2 Opening high voltage compartment door when isolation switch is ON.
.3 Closing isolation switch with high voltage compartment door open.
.4 Closing line contactor with door open.

.7 Interrupting current of contactor and fuses to be coordinated to ensure protection of all
components under heavy fault conditions.

.8 Contactor test facilities when in isolated position.

.9 Each controller shall be protected against single-phasing due to blown fuses and shall have
blown fuse indication, initiated by a fuse striker pin trip bar.

.10 Padlocking provisions shall be provided for up to three (3) padlocks in the open position.
2.7 Auxiliary PT Units

.1 Potential transformers suitable for three phase metering, protection relaying, control devices
and having the following characteristics:

.1 Nominal voltage class: 4.16kV or 12.47kV as required.
.2 Rated frequency: 60 Hz.
.3 Basic impulse level: 60 kV for 4.16kV system and 95kV for 12.47kV system.

.4 Accuracy rating: Burden to be verified by design builder.
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.2 Provide separate compartments for PT’s. The compartments shall be independently
padlockable

.3 PTs shall be draw out type transformer assembly complete with two (2) PTs and three (3)
primary HRC fuses. PTs shall be connected (phase to phase — open delta) to the main bus.

2.8 Current Transformers

.1 Current transformers for indoor use, suited for operating the applicable relays and having the
following characteristics:

A

2

9

Nominal voltage class: As Required.

Rated frequency: 60 Hz.

Basic impulse level: 60 kV for 4.16kV system and 95kV for 12.47kV system.
Relay accuracy rating: C100 at 20 X In.

Bar primary with ratios as indicated.

The current transformer shall be rated thermally and dynamically to withstand short
circuit current in the primary winding for a period of 2 seconds.

VA rating of the instrument and sizing of leads connecting the CT to the associated
equipment shall be suitable for the loop impedance of the secondary winding
connections.

For all CT secondary winding connections including those that are run externally to the
associated switchgear or equipment, the loop impedance shall be less than 1 ohm and
cable not smaller than #12AWG.

Continuous-current rating factor: 2.0 at 30°C.

.2 Metering relay current transformers suited for operating the applicable meters and having
the following characteristics:

A1

2

Rated frequency: 60 Hz.

Basic impulse level: 60 kV for 4.16kV system and 95kV for 12.47kV system.
Relay accuracy rating: 0.3 for B-0.1 to B-1.0 burdens.

Bar primary with ratios as indicated.

The current transformer shall be rated thermally and dynamically to withstand short
circuit current in the primary winding for a period of 2 seconds.

Continuous-current rating factor: 1.0 at 30°C.
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2.9

210

2.11

212

213

Busbars

A

All bus bars shall be tin-plated copper. All joints shall be secured with vibration proof lock
washers.

The main bus shall be rated per Final Design and shall extend through all units. All bus bars
on the load and on bus side of each breaker shall be rated the same as the breaker.

Bus bars shall be fully insulated with flame retardant, non-hygroscopic, track resistant,
insulating material. Field taping shall be minimized. All insulation to ground shall be porcelain
or epoxy, e.g. porcelain or epoxy inserts in the bus support barriers, porcelain or epoxy
standoff insulators and porcelain or epoxy bushings for supporting PT cables.

Bus bars and insulation shall be designed and braced to withstand the momentary and short
time current ratings of the highest rated breaker in the switchgear assembly, without
charring, ageing, melting or permanent deformation.

Ground Bus:

A

A copper ground bus, minimum 6 x 50 mm in cross section, shall extend the entire length of
the switchgear assembly and be bolted to all units. Also, a copper ground bus extension of
the same size shall be provided in all high voltage cable termination compartments. All non-
current carrying metallic parts and all instrument transformer circuits shall be bonded to this
ground bus.

Two cable lugs shall be included on the ground bus for the Facility ground connections and,
in addition, lugs shall be provided in each unit for power cable ground terminations..

Cable Terminations:

A

2

3

The high voltage terminating compartments in the breaker units shall include necessary
cable lugs, cable entrance terminators (glands) for the specified cables and a ground bus
extension located in close proximity to the phase bus connections to permit short conductor
sheath ground connections

Cable entrance terminators shall be mounted on the top or bottom plates.

Control cables shall enter either at top or bottom of the unit.

Maintenance Grounding:

A1

2

Readily accessible from supply breaker cell rear door, provide on each main phase (and
neutral bus if provided) supply and load sides, a grounding “ball” for attaching grounding
strap for use during de-energized maintenance. Similarly, provide ground balls on the
ground bus at each breaker.

Provide same in each phase on load side of each breaker.

Protection and Control Functions

A

Protective Relays:
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All protective relays shall be of microprocessor type.
Protection functions per WWD Electrical design guide as a minimum.

All protective relays shall be switchboard draw out type, flush or semi flush mounting in
dustproof cases.

All relays, other than type 86, shall be supplied with a cover and shall be self-reset.

Alarm contacts shall be closed during normal and open during abnormal conditions and
wired to terminal blocks.

Ethernet communication capabilities using Modbus TCP.
GPS clock and time synchronizing equipment. Coordinate equipment selection and
interconnection for time synchronization purposes of protective relays and metering

equipment.

Each relay shall have a dedicated test block flush-mounted on the LV control panel
door to assist with testing and disconnection of the relay.

Acceptable Manufacturer and model:
.1 Schweitzer Engineering Laboratories (SEL).
.2 GE Multilin.

.3 Or approved equivalent.

.2 Ground Fault Relays

A

.6

Ground fault protection relays installed within switchgear line-ups coordinated between
sensing resistor and CT within NGR enclosure per Section 16292.

Relay shall continuously measure NGR resistance and trip on detection of NGR fault
indicated by a high neutral displacement voltage.

Trip delay to coordinate with downstream ground fault elements.
Ethernet communication capabilities using Modbus TCP.

Each relay shall have a dedicated test block flush-mounted on the LV control panel
door to assist with testing and disconnection of the relay.

Approved product: Startco SE-330 or I-guard SIGMA.

.3 Meters and Instruments:

A

Details provided in Section 16291 — Power Metering.

.4  Circuit Breakers
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214

Circuit breakers shall have local electrical operation. In addition, the circuit breaker shall
allow operation from a remote source (plant PCS or PMCS output relays) for the open
and close operations. Interposing relays shall be provided in the switchgear to interface
between the remote signal and the trip / closing circuit.

Each breaker shall have “Local / Remote” and “Open / Close” control switches. Where
remote is selected, only controls from a remote source shall have an effect. Where local
is selected, only local electrical control shall operate the circuit breaker.

Circuit breakers shall have a control voltage of 125 VDC, provided from the battery
system.

Red and green panel lamps to indicate breaker position.

Include spring charge motors, motor control circuit and spring charged indicating lamps
where applicable.

Operations counter.
Circuit breakers shall accept shunt trip inputs to open the switching device as required
Provide mechanical lockout relay (86) for each circuit breaker.

Provide hard-wired interlocks as required to prevent paralleling of transformers supplies
in switchgear other than the 12.47kV synchronizing bus and generator bus.

.5 NEMA E2 Controllers:

A

5

.6

Controllers shall have electrical local operation. In addition, the controller shall allow
operation from a remote source (plant PCS or PCMS output relays) for contactor open
and close operations. Interposing relays with 24V DC coils are required in the
switchgear to interface between the remote signal and the trip / closing circuit.

Each contactor shall have “Local / Remote” and “Open / Close” control switches. Where
remote is selected, only controls from a remote source shall have an effect. Where local
is selected, only local electrical control shall operate the contactor.

Contactors shall have a control voltage of 125 VDC, provided from the battery system.
Red and green panel lamps to indicate contactor position.

Controllers shall accept shunt trip inputs to open the switching device as required.

Provide mechanical lockout relay (86) for each controller.

Control Panels

A

Enclosures are to be completely dead front type with flush panel mounted equipment having
back connection terminals.

Cut-outs for panel-mounted equipment are to be neatly cut, properly aligned and sized so
that the hole is completely covered by the front bezel. Equipment and instrument cases are
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to be preferably held in place by rear connected fittings. Any front fixing required is to be only
by means of chrome plated machine screws.

.3 Equipment is to be mounted to ensure adequate clearance between door mounted and
backplane mounted components with the panel door closed. Relay base and terminal block
rails are to be located square to the backplane. Door mounted instruments are to align
horizontally and vertically on edges or centrelines as generally indicated. All internally
mounted equipment is to be arranged for ease of access and removal when necessary.

.4 Group components symmetrically on panel face and backplanes into logical groups.

.5 Indicator Lights:

.1 Indicator lights are to be heavy duty oil-tight type with back mounted screw terminals
with a 30.5 mm face, 120V AC, LED lamp with push-to-test function.

.6 Pushbuttons and Control Switches:

.1 Pushbuttons and control switches are to be heavy duty, oil-tight type with multi-element
stackable contact blocks with side wired screw terminals.

.2 Pushbutton operators are to be momentary contact type, flush head construction; black
in colour.

.3 Rotary operators are to be two, three or four position, wing type, maintained or
momentary contacts as required.

.4 llluminated operators are to have clear wing style operator toggles, with internal
indicating lamp.

.5 Pushbuttons and control operators are to be generally provided as follows:
.1 Pushbuttons to be 30.5 mm full-face operator type.
.2 Control Switches to be a 30.5 mm two or three-position multi-pole as required.
.7 Wiring and Terminal Blocks:
.1 The switchgear assembly shall be completely wired and documented using
manufacturer produced schematic diagrams showing all supplied equipment, devices
and details. Wiring between units shall be included and, at shipping splits, shall be

disconnected, tagged and pulled back into an adjacent unit.

.2 Each control panel shall be neatly arranged using plastic wiring duct for routing of
internal wiring, and for field wiring to be terminated.

.3 Wiring harnesses for connection to door-mounted equipment shall be protected with
nylon or polyethylene spiral wrap. Provide sufficient cable slack so that cables are not
stressed. Protect wiring from any sharp edges using grommets. Fasten wire
harnesses using nylon tie-wraps.
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.8

9

.4 Terminal blocks shall be provided for control interfaces using screw compression type
terminals. Control wires leaving the cubicle of origin must first terminate on a terminal
block. No control wire may leave a cubicle directly from any other device.

.5 All control wiring shall be without splices, stranded copper, minimum 14 AWG, non-
flammable, 600 V (or higher). Vinyl or nylon insulated lugs shall be used for terminating
wiring at all terminal blocks and at all other points of connection. Spare terminal blocks,
minimum twelve (12) extra points, shall be provided in each unit for future circuits.

.6 All terminal blocks shall be identified and marked with the wire numbers. Sleeve type
plastic wire markers shall be used at both ends of all wires, with the wire number
machine imprinted on the sleeve.

DC Control Circuits:

.1 Auxiliary power supply for control and protection purposes shall be 125 VDC and shall
include a two pole miniature circuit breaker, 125 VDC, complete with Form C auxiliary
alarm contact, for protection and complete isolation from all power sources.

.2 Control power shall be monitored with loss of 125 VDC control power alarm signal to
the generator controls and main switchgear automation system.

.3 Close and trip circuits shall be separately fused. Fuse blocks shall be dead front, pullout
type that provides the means of disconnecting the control power.

.4 Breaker trip circuit supervision shall be provided in each breaker section by wiring
inputs to protection relay.

Ethernet Switches and communications

.1 Provide Ethernet switches in accordance with Division 17 requirements within LV
compartment for connection to PMCS or PCS as required. Redundant DC supply power
from external battery backed supplies.

.2 Provide connection from each Ethernet supported device to the Ethernet switches
installed in LV compartments.

.3 IEC61850 shall be used for monitoring and control from the PMCS. Provide I/O, cabling
and harness to monitor status of main breaker, each feeder breaker, isolating and
switch positions.

2.15 Future Equipment:

A1

2

There shall be provision for future extension on both sides of the switchboard.

In each location where space for future equipment is indicated, leave such space clean.
Install conduit, wiring and other work in such a manner that necessary connections can be
made in future without dismantling existing equipment, raceways or wiring. Bus Conductors
and Insulation:
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2.16  Accessories:

.1 A full set of maintenance accessories.

(V)

4 inch (100 mm) IR window for each breaker allowing view of cable connections.
.3 Complete remote racking system.
.4 Other equipment-specific accessories as recommended by the Manufacturer.
217  Finishes
.1 Painting:

.1 Paint procedures and materials shall be Manufacturer's system designed and proven
for resistance to chemical attack in industrial wastewater treatment plant environments.

.2 All metal surfaces shall be thoroughly cleaned, primed to protect against corrosion, and
finished with a final coat of enamel:

.1 ASA No. 61, light grey.
.2 Cubicle interior, white.
.3 All paint to be rated for indoor duty in a damp, corrosive atmosphere.

.4  One (1) 1 L can and one (1) aerosol spray can (for every four units) of each type of
paint shall be supplied for touch up after installation.

2.18 Identification

.1 Provide equipment identification nameplates on each item of instrumentation and equipment
specific to this Section.

.2 Nameplates to comply with City labelling and identification requirements.

.1 Unit number and identification nameplates shall be included on the front door, rear
cover, and on the inside rear of the unit.

.2 All relays will have nameplates which will include relay function, IEEE device number
and appropriate phase. Nameplates shall be furnished for all instruments, meters,
control switches, push buttons, indicating lights, terminal blocks, fuse blocks, PT and
CPT compartment doors, both on the front door (and rear of front door) and inside the
unit.

.3 Nameplates for fuse blocks will include the fuse size. Nameplates shall be clearly
visible and not covered by wiring.

.4 Exterior nameplates shall be attached by screws or rivets only. Glue attachment shall
not be permitted. Electrical warning signs shall be provided.
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219 Spare Parts

.1 Include the following Spare Parts:

A

2

.6

7

One (1) complete spare breaker.
One (1) spare CT to match all ratios used in switchgear.
One (1) spare PT to match all ratios used in switchgear.

Six (6) spare fuses of each type and rating of fuse used, including voltage and control
power transformer fuses.

One (1) spare indicating lamp of each type installed.
One (1) spare breaker control switch.

One (1) spare control relay of each type used in switchgear.

.2 Recommended Spare Parts:

.1 Submit an itemized list of recommended spare parts.
3. EXECUTION
31 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020.

.3 Factory Acceptance Testing:

A

Combined factory testing for the 4.16kV and 12.47kV switchgear shall be witnessed by
the City Representative. A projected test schedule and test procedures shall be
provided at least one (1) month in advance of the test date.

The Vendor shall include the cost of transportation and lodging for two (2) City Parties
for witness testing at the factory.

Lubricate all moving and working parts.

Initial tests to be done by manufacturer to verify system operates free of grounds, and
open and short circuits.

Perform point-to-point tests of all wiring to verify correct connections, continuity and
dielectric integrity.

Verify the correct operation of all circuit breakers, interlocks and auxiliary contacts,
control switches and push buttons, relays, and metering.
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A4

v

.8

.9

Following the above tests, provide full Ethernet configuration and factory acceptance
testing of switchgear equipment at the switchgear factory prior to equipment shipment.

Submit a certified test report of all standard equipment production tests to the designers
as submittal.

With all sections per inter-wired permanently or temporarily and with control power
applied, perform:

.1 Functional test of control circuits. Simulate field contacts; where necessary,
provide Hand-Off switch pre-wired to a terminal block or harness for easy plug-
and-test.

.2 Functional test of Ethernet communication, monitoring, protection, metering and
interlocking systems.

.3 Provide documentation for Ethernet configuration, hardcopy and electronic, to
integrate the communication equipment provided with the switchgear into the main
control system.

.10 Prepare check-out sheets covering all test requirements and verifications, detailing all

tested points and functionality. The sheet shall be completed during testing to verify
compliance and functionality per switchgear component and signed off.

.11 Switchgear equipment shall not be shipped or made ready for shipping until factory

acceptance testing test results have been reviewed by the designers as a submittal.
Correct any deficiencies found during the factory acceptance testing procedures and re-
test as required to verify operations.

Pre-Installation:

A

2

Provide factory acceptance testing activities as described in this Section. Notify
designers and City to allow for witnessing of the switchgear equipment factory
acceptance testing.

Provide standard factory tests in accordance with the applicable current standards and
as listed below. Submit test reports in accordance with Sections 16010 and 16020:

.1 Each circuit breaker shall be tested for proper adjustment and operation prior to
shipment. The circuit breaker shall be subjected to a minimum of thirty (30)
electrical and mechanical operations.

.2 Each vacuum interrupter shall receive a vacuum integrity test by means of the
system AC high potential test.

.3 Each breaker shall have a contact timing test, conductivity of current path test, colil
check test and hi-pot test.

.4 Equipment shall be subjected to a primary current injection to verify operation of all
current-sensitive components.
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.5 Equipment to be subjected to a primary voltage injection to verify operation of all
voltage-sensitive components.

.6 Complete assembly shall have a low-frequency withstand test to verify insulation
integrity.

.3 Certified Test Reports:
.1 Provide certified factory test reports for the complete switchgear assembly
.5 Equipment Checkout:

.1 Commission the switchgear on site, verify installation, test, adjust and otherwise make
each component of the switchgear operational.

.2 Final verification of the switchgear installation shall include field wiring, relay settings
and adjustment, proper functioning of kirk key interlocks, phase-to-phase and phase-to-
ground insulation resistance, proper identification of cells, instruments, relays and
meters.

.3 When the switchgear has been installed and tested, test to verify properly assembly,
connections, adjustments and operation in accordance with the Final Design and
submit all results.

.4 Test integration with standby generator controls system and main control system for
breaker operation for automatic control.

END OF SECTION



RFP No. 659-2018B Section 16323
The City of Winnipeg Page 1 of 2
NEWPCC Upgrade: Headworks Facilities March 2020

KEY INTERLOCKS

1.1

1.2

21

2.2

GENERAL
Summary
.1 This Section specifies supply and installation of 12.47 kV medium voltage switchgear.

.2 Provide switchgear with 125 VDC power supply and backup battery system for switchgear
controls and monitoring requirements.

.3 Provide switchgear with automatic breaker controls to be integrated with standby generator
paralleling system and main utility switchgear controls.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
PRODUCTS
Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Kirk Key Interlock Co
.2  Or approved equivalent.
Performance and Design Criteria

.1 The 12.47kV synchronizing bus and generator bus switchgear are operated automatically
using load transfer systems. No mechanical interlocks are required.

.2 Supply key interlocks to prevent paralleling of redundant transformer supplies at circuit
breakers installed in switchgear and MCC busbars at all locations downstream of the
12.47kV synchronizing and generator bus. Interlocks shall be applied as required at 4.16kV,
600V and 208V voltage levels.

.3 Supply key interlocks for 4160V VFD and upstream 5kV switchgear to prevent access to
energized VFD compartments.

.1 Provide interchange block as required to allow for access to multiple compartments
from a single point of upstream isolation.

.2 Door mounted interlocks shall use a two-part system where the catch is required to be
seated into the lock body in order to allow key removal.
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3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.

.3 MCC, VFD and switchgear vendors to factory install and mechanically connect key interlocks
in accordance with key manufacturer's instructions.

4 Interlocks to be fully integrated within design.
.5 Set key blocks in place, rigid plumb and square, with mechanical linkages and components

designed to achieve mechanical integrity for the design life of the switchgear.

END OF SECTION
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1. GENERAL
1.1 Summary
.1 This Section specifies supply and installation of circuit breakers rated up to 600 V.
1.2 Standards
.1 CSA C22.2 No. 5.1 - 2" edition, Molded-case Circuit Breakers.
.2 CSA C22.2 No. 31-04 — Switchgear Assemblies
.3 ANSI C37.13, C37.16, C37.17, C37.50
4 UL 1066
.5 NEMA SG-3
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
.2 Include continuous ratings, fault and withstand ratings.
.3 Include time-current characteristic curves for breakers.
2. PRODUCTS
21 Manufacturers and Products
.1 Provide all circuit breakers from a single manufacturer.
.2 Acceptable Manufacturers:
.1 Schneider Electric Canada Inc.
.2 Eaton
.3 Or approved equivalent.
2.2 Power Circuit Breakers — Draw-out
.1 Draw-out power circuit breakers shall be used for protection requirements above 400A.
Frame ratings shall be 800, 1250, 1600, 2000 amperes as required by the Final Design. All

frame ratings shall be the same product line.

.2 Circuit breakers shall be in accordance with ANSI C37.13, C37.16, C37.17, C37.50, UL
1066 and NEMA SG-3 standards.
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10

A1

12

A3

14

All breakers shall be ULC/CSA listed for application in their intended enclosures for 100% of
their continuous ampere rating.

All circuit breakers shall have a minimum symmetrical interrupting capacity of 42,000
amperes at 600V. To ensure a fully selective system, all circuit breakers shall have 30-cycle
short-time withstand ratings equal to their symmetrical interrupting ratings through 42,000
amperes, regardless of whether equipped with instantaneous trip protection or not.

Electrically operated complete with motor operators powered from 120 V DC source. The
charging time of the motor shall not exceed 6 seconds.

Circuit breakers shall be capable of remote automatic switching for control from the Power
Control Management System (PCMS)

Equipped with Open / Close pushbuttons with lockable guards, interposing relays to allow
control of circuit breaker remotely as indicated and red / green indicating lights to indicate
breaker contact position.

To facilitate lifting, the power circuit breaker shall have integral handles on the side of the
breaker.

The power circuit breaker shall have a closing time of not more than 5 cycles. The primary
contacts shall have an easily accessible wear indicator to indicate contact erosion.

The breaker control interface shall have color-coded visual indicators to indicate contact
open or closed positions as well as mechanism charged and discharged positions. The
levering door shall be interlocked so that when the breaker is in the closed position, the
breaker levering-in door shall not open.

The breaker cell shall be equipped with draw out rails and primary and secondary
disconnecting contacts. The secondary disconnecting devices shall be maintained in the
“connected” and “test” positions

The removable power circuit breaker element shall be equipped with disconnecting contacts,
wheels and interlocks for draw out application. It shall have four (4) positions:
CONNECTED, TEST, DISCONNECTED and REMOVED all of which permit closing the

compartment door. The breaker draw out element shall contain a worm gear levering “in
and “out” mechanism with removable lever crank.

Mechanical interlocking shall be provided so that the breaker is in the tripped position before

levering “in” or “out” of the cell. The breaker shall include an optional provision for key
locking open to prevent manual or electric closing. Padlocking shall secure the breaker in
the connected, test or disconnected position by preventing levering.

Trip Units

.1 Circuit breakers shall be equipped with an LSIG protection system consisting of current
sensors, microprocessor-based trip device including:

.1 Programmable long-time setting.

.2 Programmable long-time delay with selectable 1%t or 1t curve shaping.
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.3 Programmable short-time setting.

4 Programmable short-time delay with selectable flat or I1°t curve shaping, and zone
selective interlocking.

.5 Programmable instantaneous setting.
.6 Programmable ground fault setting trip or ground fault setting alarm.

.7 Programmable ground fault delay with selectable flat or I°t curve shaping and zone
selective interlocking.

.2 Trip units shall be compatible with IEC 61850 communications and operate in
conjunction with the equipment supplied under section 16290.

.3 Provide arc flash reduction system to allow the operator to enable a maintenance mode
with a pre-set accelerated instantaneous override trip to reduce arc flash energy, for the
equipment downstream of the main breakers.

4 The trip unit shall be provided with a display panel, including a representation of the
time/current curve that will indicate the protection functions. The unit shall be
continuously self-checking and provide a visual indication that the internal circuitry is
being monitored and is fully operational.

.5 The trip unit shall provide zone interlocking for the short-time delay and ground fault
delay trip functions for improved system coordination. The zone interlocking system
shall restrain the tripping of an upstream breaker and allow the breaker closest to the
fault to trip with no intentional time delay. If the downstream breaker does not trip, the
upstream breaker shall trip after the pre-set time delay. Factory shall wire for zone
interlocking for the power circuit breakers within the switchgear.

.6 Metering display accuracy of the complete system, including current sensors, auxiliary
CTs, and the trip unit, shall be +/- 1% of full scale for current values. Metering display
accuracy of the complete system shall be +/- 2% of full scale for power and energy
values.

.7 The unit shall be capable of monitoring the following data:

.1 Instantaneous value of phase, neutral and ground current
.2 Instantaneous value of line-to-line voltage

.3 Minimum and maximum current values

4 Watts, VARs, VA, Watthours, VARhours and VA hours

.8 The trip unit shall display the following power quality values: crest factor, power factor,
percent total harmonic distortion, and harmonic values of all phases through the 31st

harmonic.

.9 The trip unit shall contain an integral test pushbutton. A keypad shall be provided to
enable the user to select the values of test currents within a range of available settings.
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The protection functions shall not be affected during test operations. The breaker may
be tested in the TRIP or NO TRIP test mode.

2.3 Molded Case Circuit Breakers — 400A and Below

.1 Bolt-On Moulded Case Circuit Breaker: Quick-make, quick-break type, for manual and
automatic operation (with temperature compensation for 40°C ambient).

.2  Circuit breakers shall be operated by a toggle-type handle and shall have a quick-make,
quick-break over-center switching mechanism that is mechanically trip-free. Automatic
tripping of the breaker shall be clearly indicated by the handle position. Contacts shall be
non-welding silver alloy and arc extinction shall be accomplished by means of DE-ION arc
chutes. A push-to-trip button on the front of the circuit breaker shall provide a local manual
means to exercise the trip mechanism.

.3 Magnetic instantaneous trip elements in circuit breakers to operate only when value of
current reaches setting. Trip settings on breakers with adjustable trips to range from 3 to 8
times current rating.

4 Circuit breakers shall have a minimum symmetrical interrupting capacity as required based
on the power study.

.5 Ground Fault interrupter breakers for circuits feeding heat tracing cables and as otherwise
required.

.6 Thermal-Magnetic Breakers (Design A):

.1 Molded-case circuit breaker shall operate automatically by means of thermal and
magnetic tripping devices to provide inverse time current tripping and instantaneous
tripping for overcurrent and short circuit protection.

.7 Magnetic-Only Breakers (Design B):

.1 Molded-case circuit breaker shall operate automatically by means of magnetic tripping
devices with adjustable settings to provide instantaneous ftripping for short circuit
protection also referred to as motor circuit protection (MCP).

.8  Ground Fault Circuit Interrupter Breakers (GFCI Breakers):

.1 Provide GFCI breakers Class A, where indicated, for sizes 15-40 A, single and double
pole 120/240 V, single-phase, and 120/208V, 3-phase, as applicable.

.2 GFCI breakers to be similar to design A, but with the added feature of ground fault
protection in excess of 5 mA. Use when specified or noted.

.3 GFCI breakers to be mounted in panel boards or MCCs as required by the application.
24 Spare Parts

.1 Include the Spare Parts list in accordance with the Technical Requirements
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3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.

END OF SECTION
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1. GENERAL
11 Summary

1.2

1.3

21

2.2

.1 This Section specifies supply and installation of disconnect switches for equipment rated for
600 VAC and below.

Standards

.1 CSA C22.2 No. 4 - Enclosed Switches.

.2 CSA C22.2 No. 14 — Industrial Control Equipment (for motors)

.3 CSA C22.2 No. 39 - Fuse Holder Assemblies.

4 Canadian Electrical Code (CEC) as adopted by the Province of Manitoba.
Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
PRODUCTS
Manufacturers and Products
.1 All disconnect switches will be of the same type and from one manufacturer throughout.

.2 Supply disconnect switches for motors based on motor rating per WWD Electrical Design
Guide.

.3 Acceptable Manufacturers for disconnect switches not associated with MCCs, VFDs, or
motor starters:

.1 Square D.

.2 Cutler Hammer.

.3 Adalet.

4 Appleton.

.5 Crouse Hinds.

.6 Or approved equivalent.
Configuration, Components and features

.1 Disconnect Switches Above 250 V Duty
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.8

9

Fusible and non-fusible disconnect switch in NEMA 12 enclosure for dry indoor duty
(electrical and control rooms), and NEMA 4X stainless steel enclosure for indoor
process, damp, wet, and outdoor duty, NEMA 7 copper free aluminum with stainless
steel hardware for hazardous locations; size as set out in the Final Design.

Visible blade switch with breaking capacity of up to fifteen (15) times rated current for
high efficiency motor applications.

Provide window to allow view of blade position without opening access cover. Viewing
windows are not required for NEMA 7 disconnect switches. Minimum rating for non-
fused switches shall be 30 A.

Provision for padlocking in OFF position by three padlocks. Provision for locking in OFF
position with a lockout hasp or scissor (6 mm diameter).

Mechanically interlocked door to prevent opening when handle in "ON" position.

Disconnect switches to be supplied complete with NO auxiliary interlock contacts which
break the power source control circuit before the main switch blade breaks.

Fuses: HRC, size, type, and class as set out in Final Design.
Fuse holders: Suitable without adaptors for type and size of fuse indicated.

Quick-make, quick-break action.

.10 ON-OFF switch position indication on switch enclosure cover.

.2 Disconnect Switches for sump pumps above 250 V:

A

Non-fusible disconnect switches in NEMA 4X watertight, impact- and corrosion-resistant
thermoplastic enclosures for wet duty where possibility of flooding could occur. Size as
set out in the Final Design.

Suitably rated for motor applications including high efficiency.

Provision for supply cable entry from below and for padlocking in OFF position.
Disconnect switches shall be supplied complete with NO auxiliary interlock contacts
which break before the main switch blade breaks (to OFF), unless otherwise required
by the Final Design.

Pre-wired IEC pin and sleeve interlocked 3 phase 4-wire, 30 A, 600 VAC rated
receptacle, and matching plug, with interlocking feature preventing insertion or
removable of plug while switch is in the ON position.

“Top”-hinged colour-coded receptacle cover.

ON-OFF switch position indication on switch enclosure cover.

Finish: in accordance with per Section 16010.
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.9 Acceptable Products:
.1 Bryant model 430SMI5W plus N.O. contact and matching plug 430P5W.
.2 Or approved equivalent.
.3 Disconnect Switches 250 V duty and below:
.1 In NEMA 12 enclosure for dry indoor duty (e.g. electrical, control and computer rooms),
and NEMA 4X enclosure stainless steel or non-metallic for indoor process, damps, wet

and outdoor duty, size as set out in the Final Design.

.2 Breaking capacity of up to fifteen (15) times rated current for high-efficiency motor
applications.

.3 Provision for padlocking in OFF position by three (3) padlocks.
4 Mechanically interlocked door to prevent opening when handle in ON position.
.5 Fuses: HRC, size, type and class as set out in the Final Design.
.6 Fuse holders: suitable without adaptors, for type and size of fuse indicated.
.7 Quick-make, quick-break action.
.8 ON-OFF switch position indication on switch enclosure cover.
.9  Finish: in accordance with Section 16010.
.10 Acceptable Manufacturers:
.1 Square D
.2 Cutler Hammer
.3 Hubbell or
4 Approved equivalent
23 Finishes
.1 Provide enclosure finish requirements in accordance with Section 16010.
24 Identification
.1 Nameplates to comply with City labelling and identification requirements.
25 Spare Parts
.1 Include the following in the Spare Parts list

.1 For fused disconnect switches, provide three fuses of each size and type used.
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3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
.3 Install disconnect switches within sight of and within 8 m of the associated equipment.

4 Wire disconnect switch auxiliary interlock contact back to power source control circuit as
indicated in the equipment schematic and wiring diagrams.

.5 Install fuses in disconnect switches immediately before energizing circuits.

END OF SECTION
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1. GENERAL
1.1 Summary

.1 This Section specifies supply and installation of PCS based automatic load transfer systems.
1.2 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
1.3 Factory Inspection and Acceptance Testing
.1 Factory acceptance testing shall be witnessed by the City Representative for the system. A

projected test schedule and test procedures shall be provided at least one (1) month in

advance of the test date. All equipment shall be complete, pre-tested and available on the

date that witness testing takes place.

.1 The intent is to witness functional tests and failure modes of the programmed system
using simulated analog and discrete I/O for line and bus voltages, generator and utility
sources and circuit breakers.

.2 The Vendor shall include the cost of transportation and lodging for two (2) City Parties for
witness testing at the factory.

2, PRODUCTS
21 System Configuration
.1 The load transfer system acts as a master control unit for use of on-site power generation
systems for standby operation, configuration of utility services and downstream power
distribution in the following modes:

.1 Utility Configuration

.1 Configuration of Utility services by use of 12.47kV main breakers and 12.47kV tie
breakers

.2 Standby Mode:
.1 Operation of standby generators following failure of normal Utility supplies.
.3 Storm Mode:

.1 Operation of generators as a precautionary measure during local storm activity or
other circumstances where the perceived risk of utility failure is increased.

.4 Test Mode:



RFP No. 659-2018B Section 16415

The City of Winnipeg Page 2 of 10

NEWPCC Upgrade: Headworks Facilities March 2020
AUTOMATIC LOAD TRANSFER SYSTEMS

.1 For transfer system and generator test purposes.
.5 Power Circuit Breaker Operation
.1 For operator remote control of power circuit breakers

.2 The system shall operate using hardware consistent with the PCS system and shall be fully
integrated for visibility and control from the PCS control rooms.

.1 Existing PCS equipment within Area E may include some functionality contained within
this document. Where appropriate, existing equipment may be re-used providing that all
requirements of this specification can be met.

.3 The intent of this document is to define the broad functionality of the system. Design Builder
is responsible for providing a fully functional system, and additional functionality to account
for equipment failure modes not detailed within this document.

2.2 Auto / Manual Control Selections

.1 Individual electrically operated circuit breakers shall have a Local / Remote switch.

.1 When in Remote, circuit breakers are controlled by the automatic load transfer system.
When in Local, circuit breakers are controlled locally by open and close switches at the
circuit breaker.

.2 Load transfer system shall have an Auto / Manual switch.

.1 When in Auto, the load transfer system has automatic control of circuit breakers where
the local Local / Remote switches are in Remote.

.2 In addition, each individual circuit breaker has a software Auto / Manual control such
that an operator can operate individual circuit breakers remotely using the load transfer
controller.

2.3 Utility Configuration

.1 The system shall provide a means of automatic and operator selected configuration of the
12.47KkV utility supplies by operation of:

.1 CB-E7110.MCB : Bank 1 12.47kV Main Breaker
.2 CB-E7120.MCB: Bank 2 12.47kV Main Breaker
.3 CB-E7110.CB.T: Bank 1 12.47kV Tie Breaker
.4 CB-E7120.CB.T: Bank 2 12.47kV Tie Breaker
.2 Dual Supply Configuration (Default)
.1 Supplies to CB-E7110.MCB and CB-E7120.MCB are healthy

.2 CB-E7110.MCB and CB-E7120.MCB are closed
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3

4

.5

CB-E7110.CB.T is closed
CB-E7120.CB.T is open
Individual generator circuit breakers are open. One generator busbar tie circuit breaker

is open. Generator feeder breakers for connection to the Bank 1 and Bank 2 12.47kV
switchgear are closed.

.3 Bank 1 Supply

A

2

Supply to CB-E7110.MCB is healthy

CB-E7110.MCB is closed, CB-E7120.MCB is open

CB-E7110.CB.T is closed

CB-E7120.CB.T is closed

Individual generator circuit breakers are open. One generator busbar tie circuit breaker

is open. Generator feeder breakers for connection to the Bank 1 and Bank 2 12.47kV
switchgear are closed.

.4 Bank 2 Supply

A

2

Supply to CB-E7120.MCB is healthy

CB-E7120.MCB is closed, CB-E7110.MCB is open

CB-E7110.CB.T is closed

CB-E7120.CB.T is closed

Individual generator circuit breakers are open. One generator busbar tie circuit breaker

is open. Generator feeder breakers for connection to the Bank 1 and Bank 2 12.47kV
switchgear are closed.

.5 Operating Parameters

A1

The system shall allow automatic configuration to best suit the availability of utility
supplies.

The system shall ensure that the two Utility supplies are not paralleled using the
NEWPCC switchgear. Transfers between configurations shall be by open transition
switching.

.1 In addition to software interlocks, electrical interlocks within 12.47kV circuit
breakers that are capable of paralleling the utility supplies shall be provided to
ensure no paralleling occurs.

The operator may select any configuration as the default configuration. Dual supplies
mode is expected to be the normal mode of operation, where available.
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A4

Upon failure of a SINGLE UTILITY SOURCE, a “Utility Fail” signal is generated by the
protection relays associated with the 12.47kV main breaker for the following conditions:

.1 <V -Undervoltage.

.2 >V —Overvoltage.

.3 < F - Under frequency.
.4 >F — Over frequency.

A “Utility Fail” signal will not be generated by the main breaker for any fault such as
overcurrent or ground fault trips. For faults other than a Utility fail, a signal shall be
generated by the associated protection relay to inhibit the generators or other utility
from paralleling with the faulted bus.

Utility Transfer Mode: Upon receiving a utility fail alarm from a single utility source, the
utility supply will be disconnected by opening of the applicable 12.47kV main breaker,
and the appropriate Bank 1 or Bank 2 configuration used to re-supply the entire system
from the remaining utility. (Default)

Operating concurrently with the load transfer system, the PMCS system, per section
16290, will control the 12.47kV feeder breakers connected to the bus associated with
the failed utility. Feeders will be reinstated automatically by the PMCS following re-
supply of the 12.47kV bus by the load transfer control system.

24 Standby Mode

.1 Dual Utility Failure

A

Upon receiving a utility fail alarm from both 12.47kV main breakers, the utility supply will
be disconnected by opening of the applicable 12.47kV main breakers.

CB-E7120.CB.T is opened. The generator bus tie breakers are closed.

Generators will automatically and independently start, accelerate to rated frequency
and build up to rated voltage. The load transfer system monitors the generators, and
on finding a generator approaching rated voltage and frequency, automatically disables
all other units from closing and closes the ready unit to the generator busbar. After the
first unit is closed to the generator busbar, the controller ensures that the remaining
generators are synchronized with the generator bus and then connected to the
generator bus.

The generator bus will be configured to supply power to the 12.47kV busbar(s)
associated with the utility failure by closing the generator feeder breakers at 12.47kV
Bank 1 and Bank 2 switchgear.

Feeders will be reinstated and managed in accordance with the available generation
capacity and the Schedule 18 Appendix M priorities by the PMCS system.

.2 Return of One Utility Source After Dual Utility Failure
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.1 Re-transfer to utility can be selectable between Auto / Operator.

.1 When set to auto (default), transition from standby to utility will take place
automatically in the process described below.

.2 When set to operator, transition from standby to utility will take place as described
in the process below once the operator has initiated re-transfer.

.2 Re-transfer

.1 When one utility supply returns, the “Utility Fail” contact will open and the
retransfer time delay timer (adjustable) will begin timing. If the utility source fails
during the retransfer time delay the timer will reset and start again when the utility
returns.

.2 When the re-transfer time delay expires, the master synchronizer is enabled to
synchronize the generators connected to the busbar with the applicable utility
source. When the sync check conditions have been met, the 12.47kV main
breaker will close.

.3 The generators will soft-ramp down load, and the 12.47kV generator feeder to the
12.47kV synchronizing switchgear will open when the load across it nears zero.

.4 The generators continue to support the load of the busbar that does not have a
healthy utility supply for a Utility Transfer Mode time delay.

.1 The intent of the further delay is to allow further time for utility network
stabilization before adding the additional loading. Transfer from generator to
the normal utility is preferred, since it can occur as a soft-closed transition,
rather than open transition that occurs for switching between configurations
involving two utility supplies.

.5 Upon expiry of the utility transfer mode time delay, the master synchronizer is
enabled to synchronize the generators connected to the busbar to the applicable
bus that is powered by the single available utility. When the sync check conditions
have been met, the 12.47kV tie breaker will close to supply both busbars from the
single utility.

.6 The generators will soft-ramp down load, and the 12.47kV generator feeder to the
12.47kV synchronizing switchgear will open when the load across it nears zero.

.7 The generator paralleling breakers will then open, and the generators will operate
at no load for a cool-down period. When the cool-down period has been
completed, the generators will shut down. The 12.47kV generator tie breaker will
open, and the feeder breakers connected to the 12.47kV synchronizing switchgear
will re-close.

.3 Return of Second Utility Source After Dual Utility Failure

.1 Where the Utility Transfer Mode time delay expires and a single utility service is
supplying the entire facility, re-configuration to the dual supply mode is in accordance
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with the Utility configuration section. The operator is required to initiate this re-
configuration as it will be an open transition transfer and will affect process continuity.

Where the second utility supply returns before expiry of the Utility transfer mode time
delay:

.1 The second “Utility Fail” contact will open and the retransfer time delay timer
(adjustable) will begin timing. If the utility source fails during the retransfer time
delay the timer will reset and start again when the utility returns.

.2 When the re-transfer time delay expires, the master synchronizer is enabled to
synchronize the generators connected to the busbar to the applicable utility
source. When the sync check conditions have been met, the 12.47kV main
breaker will close.

.3 The generators will soft-ramp down load, and the 12.47kV generator feeder to the
12.47kV synchronizing switchgear will open when the load across it nears zero.

.4 The generator paralleling breakers will then open, and the generators will operate
at no load for a cool-down period. When the cool-down period has been
completed, the generators will shut down. The 12.47kV generator tie breaker will
open, and the feeder breakers connected to the 12.47kV synchronizing switchgear
will close.

.4 Standby Mode Operating Parameters

A

The system shall ensure that the two Ultility supplies are not paralleled using the
NEWPCC switchgear. Transfers between configurations shall be by open transition
switching.

.1 In addition to software interlocks, electrical interlocks within 12.47kV circuit
breakers that are capable of paralleling the utility supplies shall be provided to
ensure no paralleling occurs.

Reverse power protection shall be configured at the 12.47kV Utility circuit breakers to
ensure that power generated at the NEWPCC facility will not be exported onto the
Manitoba Hydro network. In addition, monitoring and control of generator outputs shall
be carried out by the transfer system to ensure that power is not exported.

All transferring of load between generators and utility supplies will be carried out by
soft-ramping to eliminate sudden swings in demand seen by the utility and to minimize
the number of interruptions to plant processes and auxiliary systems.

The load transfer system shall be compatible with and operate in conjunction with
individual generator controllers, associated circuit breakers and instrumentation.

The load transfer control system shall operate such that standby or utility power is
available as widely as possible in the event of failure of any one circuit breaker. The
following failure modes are examples that should be applied thoroughly throughout the
system:
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25

.1 Failure of a main 12.47kV breaker to open upon loss of utility means that
generators will be unavailable to connect to that bus. However, the remaining bank
of switchgear shall continue to operate normally for utility and generator modes by
opening the generator feeder breaker connecting to the bus associated with the
failed utility breaker.

.2 Failure of the generator bus tie breaker to close to allow paralleling of all generator
breakers can be mitigated by operation of the 12.47kV synchronizing switchgear
tie breaker.

Storm Mode

A

The system shall allow extended paralleling of generators and either utility source, as
selected by the operator. In this mode, the system will start the generators, which then
operate in parallel to the selected utility sources until disabled by the operator, or the utility
supply fails and the system continues to operate in standby mode.

Storm Mode Bank 1:

A

2

All generators are started, synchronized and paralleled with the CB-E7110 source:

The 12.47kV generator feeder breakers to banks 1 and 2 will open. Generator
switchgear tie breaker closes.

Generators will automatically and independently start, accelerate to rated frequency
and build up to rated voltage. The load transfer system monitors the generators, and
on finding a generator approaching rated voltage and frequency, automatically disables
all other units from closing and closes the ready unit to the generator busbar. After the
first unit is closed to the generator busbar, the controller ensures that the remaining
generators are synchronized with the generator bus and then connected to the
generator bus.

The master synchronizer is enabled to synchronize the generators busbar to the
applicable utility source. When the sync check conditions have been met, the 12.47kV
generator feeder breaker will close.

Generator controllers and load sharing systems govern the real and reactive power
output of the generators based on the desired control point in a peak shave function. It
shall be possible to change the peak shave set-point while the system is in operation.

If the utility supply fails during operation, the generators continue to support the
selected bus in standby mode. The PMCS will manage load shedding as required.

.1 If the utility associated with the bus that is not supported by storm mode fails, the
utility configuration will automatically re-configure as described previously, and
storm mode continues to operate as selected.

If storm mode is stopped by the operator, the generators will soft-ramp down load, and
the 12.47kV generator feeder to the 12.47kV synchronizing switchgear will open when
the load across it nears zero. The generator paralleling breakers will then open, and the
generators will operate at no load for a cool-down period. When the cool-down period
has been completed, the generators will shut down. The 12.47kV generator tie breaker
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will open, and the feeder breakers connected to the 12.47kV synchronizing switchgear
will close.

.3 Storm Mode Bank 2:
.1  All generators are started, synchronized and paralleled with the CB-E7120 source.
.2 ldentical to Storm Mode 1 except that support is provided to bank 2.

.4 Storm Mode 3:

.1 Bank 1 is supported by generators connected to the left bus section of the generator
switchgear.

.2 Bank 2 is supported by generators connected to the right bus section of the generator
switchgear.

.3 Identical to Storm Mode 1 except that support is provided to bank 1 and 2 with the
generator bus tie breaker open and 12.47kV synchronizing switchgear tie breakers.

.5 Storm Mode Operating Parameters

.1 The system shall ensure that the two Utility supplies are not paralleled using the
NEWPCC switchgear. Transfers between configurations shall be by open transition
switching.

.1 In addition to software interlocks, electrical interlocks within 12.47kV circuit
breakers that are capable of paralleling the utility supplies shall be provided to
ensure no paralleling occurs.

.2 Reverse power protection shall be configured at the 12.47kV Utility circuit breakers to
ensure that power generated at the NEWPCC facility will not be exported onto the
Manitoba Hydro network. In addition, monitoring and control of generator outputs shall
be carried out by the transfer system to ensure that power is not exported.

.3 All transferring of load between generators and utility supplies will be carried out by
soft-ramping to eliminate sudden swings in demand seen by the utility and to minimize
the number of interruptions to plant processes and auxiliary systems.

.4 Failure modes of circuit breakers or equipment that prevent successful configuration of
storm modes shall result in storm mode being disabled, and alarms created.

2.6 Test Mode

.1 The system shall allow extended paralleling of a single generator to a utility source, for
generator testing purposes.

.2 The mode can be initiated by the operator, and shall have an option to carry out testing on a
schedule, for a define time duration. The generator load output shall be configurable such
that the generator can be tested at a specific % of nameplate capacity to satisfy NFPA
testing requirements. A minimum utility import will be maintained to prevent a situation where
power is exported to the utility.



RFP No. 659-2018B Section 16415

The City of Winnipeg Page 9 of 10

NEWPCC Upgrade: Headworks Facilities March 2020
AUTOMATIC LOAD TRANSFER SYSTEMS

.3 In this mode, the system will start one generator, synchronize with, and connect in parallel to
the associated utility source. Generators on the left bus section of the generator switchgear
will be paralleled with Bank 1 switchgear, and generators on the right bus section will be
paralleled with Bank 2 switchgear. The 12.47kV generator busbar and synchronizing
switchgear tie breakers are to remain open.

.4 Should the utility supply fail during test mode, the generator shall be disconnected from the
system, and the system will re-configure to the appropriate mode described previously.

.5 Running times and loading of generators in test mode, storm mode and standby modes shall
be recorded for each mode and each generator for the purpose of tracking compliance with
NFPA.
2.7 Manual Operation

.1 The system shall permit remote operation to be initiated by the operator of the following:

.1 Remote operation of 12.47kV feeder circuit breakers, generator feeder breakers, main
breakers and tie breakers.

.2 Manual starting and paralleling of individual generators

.1 The operator will start the generator, with the circuit breaker operation controlled
directly by the generator controller once sync conditions are met.

.3 Remote operation of all 4.16kV circuit breakers, E2 starters supplied under this contract

.4 Remote operation of all electrically operated 600V circuit breakers supplied under this
contract.

.2 Operating Parameters

.1 The system shall ensure that the two Ultility supplies are not paralleled using the
NEWPCC switchgear. Transfers between configurations shall be by open transition
switching.

.2 The system shall ensure that redundant supplies at the 4.16kV, 600V and 208V levels
are not paralleled by remote operation. Kirk key interlocks are also in place at those
voltage levels to prevent paralleling.

.1 Remote operation is intended as a means of safe operation of large breakers, and
not intended for automatic transferring between sources.

2.8 Control Panels

.1 The load transfer control panel shall include PLC processors, I/0O cards and other
components required to achieve a functional system.

.2 For consistency and ease of interface with other controllers on the project, hardware shall be
consistent with the PCS systems used for process control of the headworks facility as
defined in Division 17.
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.3 Specialist components such as master synchronizers are to be commercially available and
be designed and tested specifically for use in a power transfer scheme application.

29 Human Machine Interface (HMI)

.1 Load transfer system screens shall include system configuration, operating statuses, alarms
and trends. HMIs shall be included as a minimum at the Area E switchgear building,
generator switchgear room and headworks electrical room.

3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020.

.3 Locate, install and connect transfer equipment. Configure all software, parameters and
hardware as required.

.4 Install interconnecting wiring between transfer control panels, generator control panels,
generators and switchgear

.5 Energize the system and carry out and record the results of a full range of functional tests
and demonstrate operation to the satisfaction of the Owner.

.6 Tests must be fully overlapping — simulation of signals from external equipment at the

terminals of the transfer system is not acceptable. Tests shall include operation of the PMCS
system supplied in accordance with Section 16290.

END OF SECTION
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1. GENERAL
11 Summary

1.2

1.3

.1 This Section specifies supply and installation of low voltage switchgear.

Standards

.1 CSA C22.2 No. 31 - Switchgear Assemblies.

.2 ANSI/IEEE C37.20.1 - Metal-Enclosed Low-Voltage Power Circuit Breaker Switchgear.
.3 NEMA SG5 - Power Switchgear Assemblies.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials and will include the following minimum
.1 Catalogue and technical data including OEM Detailed Bulletins.

.2 Outline dimensions, front and rear-view elevations, shipping sections dimensions,
weight, and foundation requirements for all assemblies.

.3 Configuration of each component
4 Cable entry and exit locations

.5 Dimensioned position and the size of bus bars and details of provisions for future
extension.

.6 Three-line power and protection diagrams.

.7 Control schematics and internal wiring and interconnection diagrams, that include
tentative settings and sizes for circuit breakers, fuses, relays as applicable

.8 External connection diagrams showing function and identification of all terminals.

.9  Floor anchoring method and dimensioned foundation template, recommended size
and material specifications of anchor bolts.

.10 Protection, control, metering and alarm equipment load requirement calculations
for each switchgear listing equipment allowed for

.11 Time current characteristics curves for circuit breakers and fuses connected to
busses and all pertinent data including short circuit interrupting capacity and peak
let-through current data required to verify the overload and short circuit interrupting
and current limiting ability.
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2. PRODUCTS
21 Manufacturers and Products

.1 Acceptable Manufacturers:
.1 Eaton.
.2 Schneider Electric.
3 GE.
4 Or approved equivalent.
2.2 Performance Criteria
.1 Allitems in this Section shall be capable of satisfactory operation in an indoor electrical room
in a wastewater treatment plant atmosphere subject to the following design criteria and
conditions particular to Winnipeg, MB and the following facility electrical system.
.1 Nominal Supply Characteristics:
.1 600V, 3 phase, 3 wire, HRG neutral for systems >= 1000kVA
.2 600V, 3 phase, 3 wire, solidly grounded neutral for systems <1000 kVA
.3 Frequency: 60 Hz.
.2 Short Circuit Withstand:

.1 The switchgear shall be designed to withstand:

.1 System maximum phase-to-ground short circuit current determined based on
power study.

.2 System maximum 3-phase short circuit current at nominal system voltage (to
compare directly with interrupting capability of switchgear rated on a
symmetrical current basis).

.3 System maximum available momentary current at nominal system voltage (to
compare directly with bus bracing and closing and latching capability of
switchgear rated on a symmetrical current basis).

.3 Arc Resistant Protection:

.1 The switchgear assembly shall be design and manufactured to meet all the ANSI
metal-clad switchgear standards plus the requirement of ANSI/IEEE Type 2B arc
resistant equipment.

.2 Provide arc blast vent to the outside of the electrical room. The vent system shall
be designed by the switchgear manufacturer and form an integral component of
the switchgear assembly.
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23 Configuration, Components and Features

A

Low voltage switchgear assembilies shall include the following features as appropriate for the
application:

.1 Metal clad enclosure (indoor).

.2 Busbars.

.3 Grounding bus and connections.

4 Circuit breakers and associated protection
.5 Control functions.

.6 Switchboard metering instruments.

.7 Instrument transformers.

.8 Lightning and surge protection.

.9 Key Interlocks

.10 Tools and accessories

24 Switchgear Enclosures

A

The equipment shall be of modular, metal enclosed, floor mounted, dead-front free-standing
type.

.1 Low voltage equipment shall be compartmentalized such that busbars, circuit side and
controls equipment are housed within separate enclosures. Grounded steel barriers
shall be provided between each section. No access to busbar shall be possible from
circuit side or controls compartments.

Accessible from front and rear.
Relays, control circuits and their power supplies shall be housed in separate low voltage and
controls section for each panel within the switchgear line-up, safely accessible without

exposure to high voltages and without equipment shutdown.

.1 Control switches, lamps and protection relays shall be mounted on the low voltage
compartment door.

Use non-corrosive bolts and hardware.

100mm steel channel sills for base mounting in single length common to multi-cubicle
switchboard. Sills shall have removabile lifting points.

Access doors to have hinges on left side, open at least 90° with stops and shall be secured
using multi point latches with the provision for multiple padlocking.



RFP No. 659-2018B Section 16431

The City of Winnipeg Page 4 of 9

NEWPCC Upgrade: Headworks Facilities March 2020
LV SWITCHGEAR

.7 Viewing window of transparent shatterproof material for visual verification of disconnector,
circuit breaker and contactor positions.

.8 Each shipping section shall be provided with lifting lugs adequately sized for the equipment.

.9 Arc Venting

.1 Plenums shall be provided on the top of the assembly for containment and directing of
material and gases caused by arcs or explosion.

.2 Provide all necessary ducts, transitions and mounting accessories to connect plenums
to exterior wall vents

.3 Plenum vents suitable for the application shall be provided for exterior wall transitions.
Arc vents shall be Explovent or equal with a core insulation rating of R-16.

.10 Each set of three-phase cable terminations shall be infrared scannable by means of a
crystalline sight-glass with guard cover installed in the rear cover, minimum 75 mm diameter.

.1 Acceptable manufacturer:
.1 Hawk IR International Inc.
.2  Or approved equivalent.
.2 All fuse-blocks and fuses shall be installed within the applicable compartment.

.11 The incoming supply equipment to be provided in a section which is dedicated for this
purpose, i.e. no additional equipment other than the main breaker, and the incoming
metering and control.

2.5 Busbars

.1 All bus bars shall be tin-plated copper. All joints shall be secured with vibration proof lock
washers.

.2 The main bus shall be rated per Final Design and shall extend through all units. All bus bars
on the load and on bus side of each breaker shall be rated the same as the breaker.

.3 Bus bars and insulation shall be designed and braced to withstand the momentary and short
time current ratings of the highest rated breaker in the switchgear assembly, without
charring, ageing, melting or permanent deformation.

2.6 Ground Bus:

.1 A copper ground bus, minimum 6 x 50 mm in cross section, shall extend the entire length of
the switchgear assembly and be bolted to all units. Also, a copper ground bus extension of
the same size shall be provided in all high voltage cable termination compartments. All non-
current carrying metallic parts and all instrument transformer circuits shall be bonded to this
ground bus.
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2.7 Meters and Instruments:

A

Details provided in Section 16291 — Power Metering.

2.8 Future Equipment:

A

2

There shall be provision for future extension on both sides of the switchboard.

In each location where space for future equipment is indicated, leave such space clean.
Install conduit, wiring and other work in such a manner that necessary connections can be
made in future without dismantling existing equipment, raceways or wiring. Bus Conductors
and Insulation:

2.9 Control Panels

A

Enclosures are to be completely dead front type with flush panel mounted equipment having
back connection terminals.

Cut-outs for panel-mounted equipment are to be neatly cut, properly aligned and sized so
that the hole is completely covered by the front bezel. Equipment and instrument cases are
to be preferably held in place by rear connected fittings. Any front fixing required is to be only
by means of chrome plated machine screws.

Equipment is to be mounted to ensure adequate clearance between door mounted and
backplane mounted components with the panel door closed. Relay base and terminal block
rails are to be located square to the backplane. Door mounted instruments are to align
horizontally and vertically on edges or centrelines as generally indicated. All internally
mounted equipment is to be arranged for ease of access and removal when necessary.
Group components symmetrically on panel face and backplanes into logical groups.

Indicator Lights:

.1 Indicator lights are to be heavy duty oil-tight type with back mounted screw terminals
with a 30.5 mm face, 120V AC, LED lamp with push-to-test function.

Pushbuttons and Control Switches:

.1 Pushbuttons and control switches are to be heavy duty, oil-tight type with multi-element
stackable contact blocks with side wired screw terminals.

.2 Pushbutton operators are to be momentary contact type, flush head construction; black
in colour.

.3 Rotary operators are to be two, three or four position, wing type, maintained or
momentary contacts as required.

4 llluminated operators are to have clear wing style operator toggles, with internal
indicating lamp.

.5 Pushbuttons and control operators are to be generally provided as follows:
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.1 Pushbuttons to be 30.5 mm full-face operator type.

.2  Control Switches to be a 30.5 mm two or three-position multi-pole as required.

.7 Wiring and Terminal Blocks:

A

The switchgear assembly shall be completely wired and documented using
manufacturer produced schematic diagrams showing all supplied equipment, devices
and details. Wiring between units shall be included and, at shipping splits, shall be
disconnected, tagged and pulled back into an adjacent unit.

Each control panel shall be neatly arranged using plastic wiring duct for routing of
internal wiring, and for field wiring to be terminated.

Wiring harnesses for connection to door-mounted equipment shall be protected with
nylon or polyethylene spiral wrap. Provide sufficient cable slack so that cables are not
stressed. Protect wiring from any sharp edges using grommets. Fasten wire
harnesses using nylon tie-wraps.

Terminal blocks shall be provided for control interfaces using screw compression type
terminals. Control wires leaving the cubicle of origin must first terminate on a terminal
block. No control wire may leave a cubicle directly from any other device.

All control wiring shall be without splices, stranded copper, minimum 14 AWG, non-
flammable, 600 V (or higher). Vinyl or nylon insulated lugs shall be used for terminating
wiring at all terminal blocks and at all other points of connection. Spare terminal blocks,
minimum twelve (12) extra points, shall be provided in each unit for future circuits.

All terminal blocks shall be identified and marked with the wire numbers. Sleeve type
plastic wire markers shall be used at both ends of all wires, with the wire number
machine imprinted on the sleeve.

.8 DC Control Circuits:

A

Auxiliary power supply for control and protection purposes shall be 125 VDC and shall
include a two pole miniature circuit breaker, 125 VDC, complete with Form C auxiliary
alarm contact, for protection and complete isolation from all power sources.

Control power shall be monitored with loss of 125 VDC control power alarm signal to
the generator controls and main switchgear automation system.

Close and trip circuits shall be separately fused. Fuse blocks shall be dead front, pullout
type that provides the means of disconnecting the control power.

.9 Communications:

A

Ethernet communication ports of all protection relays shall be connected to an Ethernet
switch in the LV Switchgear controls compartment.

Provide an Ethernet interface for all intelligent control relays and metering compatible
with PMCS using IEC 61850 communication.
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210 Finishes
.1 Painting:

.1 All metal surfaces shall be thoroughly cleaned and primed to protect against corrosion,
and finished with a final coat of ASA No. 61, light gray enamel.

.2 All paint shall be rated for indoor duty in a damp, corrosive atmosphere.

.3 For each type and colour of paint, supply one (1) 1 litre can and one (1) non-CFC
aerosol can every four (4) units.

2.1 Identification
.1 Nameplates:

.1 Provide equipment identification nameplates on each item of instrumentation and
equipment.

.2 ldentification nameplates shall be included on the front door of all breaker
compartments. A Switchgear identification nameplate shall also be included on the front
door of each Incoming Metering and Control Compartment.

212  Accessories:
.1 Afull set of maintenance tools.
.2 4inch (100 mm) IR window for each breaker allowing view of cable connections.
2.13  Spare Parts
.1 Include the following spare parts:
.1 One (1) complete set of spare fuses used for each switchgear.
.2 Ten (10) spare fuses of each size used for each power supply.
3. EXECUTION

3.1 General

.1 Install in accordance with Manufacturer’'s recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
.3 Factory Acceptance Testing:
.1 Provide a factory-trained manufacturer’'s representative skilled and experienced in the
assembly, installation, operation and maintenance of all equipment herein. Provide all

labour, equipment and materials necessary to unload, install and assemble the
equipment under the observation of the manufacturer’s representative.
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.2 Provide standard factory tests and submit test reports.

10

1

A2

13

14

Lubricate all moving and working parts.

Initial tests shall be completed by manufacturer to verify proper system operation free of
grounds, open, and short circuits.

Point-to-point tests of all wiring shall be completed to verify correct connections,
continuity and dielectric integrity.

Verify the correct operation of all circuit breakers, interlocks and auxiliary contacts,
control switches and push buttons, ground fault protection, relays, metering, automatic
and manually initiated transfer, synchronizing circuit breaker transfer, HMI display and
UPS.

Following the above tests, provide full Ethernet configuration and factory acceptance
testing of switchgear equipment at the switchgear factory prior to equipment shipment.

With all sections inter-wired permanently or temporarily and with control power applied,
perform:

.1 Insulation resistance testing on power and control wiring, free from grounds, open
and short circuits.

.2 Functional testing of control circuits. Simulate field contacts; where necessary
provide Hand-Off switch pre-wired to a terminal block or harness for easy plug and
test.

.3 Functional testing of Ethernet communication, monitoring, protection, display,
interlocking and synchronizing systems.

Submit a certified test report of all standard equipment production tests to the designers
and City prior to the factory acceptance testing.

Configure Ethernet addressing into each unit at the factory in accordance with City
Ethernet Programming and Documentation Standards.

Ethernet control and monitoring shall be factory tested for operations under normal and
adverse conditions. Adverse conditions include, but are not limited to, simulated
electrical faults including short circuit and line power supply voltage variations up to
10% above and below nominal.

Configure all Ethernet input and output data assemblies in accordance with City’'s
Standards.

The above intent is to verify that all Switchgear circuit breakers and other Ethernet
components for Ethernet control and monitoring functions, will communicate correctly.

Supply, configure and transport all external control devices required for Ethernet control
and functionality verification tests, in advance of the factory acceptance testing, to
prevent delays to the factory acceptance testing.
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.15 Prepare check-out sheets covering all test requirements and verifications, detailing all

16

tested points and functionality. The sheet shall be completed during testing to verify
compliance and functionality per Switchgear component and certified by a qualified
professional. Provide for review, check-out sheets and procedures. Incorporate any
modified or additional procedures and checks.

Provide hardcopy and electronic copies of the final factory settings of all equipment.

This and the signed check-out sheets shall be part of the test results to be submitted
under this Section.

END OF SECTION
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1. GENERAL
1.1 Summary

1.2

1.3

21

2.2

.1 This Section covers supply and installation of distribution panelboards.

Standards

.1 CSA C22.2 No. 29 - Panelboards and Enclosed Panelboards.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

A

Manufacturer's descriptive literature for materials.

.2 Include electrical details of panel branch breaker type, quantity, ampacity, and enclosure
dimension.

PRODUCTS

Manufacturers and Products

.1 All panelboards shall be the product of a single manufacturer, with the exception of
Standardized Goods as per Appendix 18E - Standardized Goods.

.2 Acceptable Manufacturers:

A

2

3

4

5

Eaton.

General Electric.
Siemens.
Schneider Canada.

Or approved equivalent.

Configuration, Components and Features

.1 Panelboards:

A

2

Rating: 120V/ 208V, 3 phase, 4 wire, solidly grounded

Panelboards: bus and breakers rated for minimum 10,000 A symmetrical of interrupting
capacity or as set out in the Final Design.

Sequence phase busing with odd numbered breakers on left and even on right, with
each breaker identification as to circuit number and phase.
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4 Panelboards: mains, voltages, number of circuits and number and size of branch circuit

breakers as set out in the Final Design.

.5 Hinged door with two keys for each panelboard and key panelboards alike.

.6 Copper bus with neutral of same ampere rating as main.

.7 Mains: suitable for bolt-on breakers.

.8 Trim and door finish: as per Section 16010.

.9 Provide a main circuit breaker in all panelboards that are not in the same room as their
associated upstream overcurrent protection device.

.10 Provide NEMA 4X type panelboards located in process or wet areas, complete with drip
covers. In electrical rooms provide NEMA 12.

.11 Panelboard manufacturer's nameplate to include all CSA requirements and show
withstand short circuit current rating of the complete assembly.

Breakers:

.1 Breakers shall be bolt-on type

.2 Provide thermal and magnetic tripping type circuit breakers.

.3 Provide ground fault (GFCI) breakers in panelboards as set out in the Final Design.

4 Provide arc fault (AFCI) breakers in panelboards as set out in the Final Design.

.5 Main breaker: separately mounted on top or bottom of panel to suit cable entry. When
mounted vertically, down position will open breaker.

.6 Provide pad lockable lock-off devices for breakers for each process area based on the

amount sufficient for the most complicated SWP lockout plus 10 extras.

2.3 Identification

A

Complete circuit directory with machine-printed legend showing location and load of each

circuit.
3. EXECUTION
3.1 General

A

Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

Undertake commissioning phases as specified in the technical requirements.

Connect all loads to branch circuits.
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4 Connect neutral conductor from transformer, or source panelboard if sub-fed, to common
neutral bus with respective neutral identified.

.5 Panelboards shall not be installed in hazardous or corrosive locations. Panelboards are to
be installed in electrical rooms as far as practicable. Other controlled environments will be
considered on a case by case basis.

.6 Separate panelboards shall be utilized for process loads and building systems.

END OF SECTION
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1. GENERAL

11 Summary

A

This Section specifies supply and installation of lighting equipment and luminaires complete
with the all necessary accessories and components.

1.2 Standards

8

CSA C22.2 No. 9 — General requirements for luminaires

CSA C22.2 No. 74 — Equipment for use with electric discharge lamps (Ballasts)
ANSI C82 — Standard for lamp ballasts

ANSI C78 — Electric lamps

CSA C22.2 No. 62 — Surface raceway systems (Lighting fixture wire ways)
CSA C22.2 No. 141 — Emergency lighting equipment

CSA — C860 — Performance of integrally lighted exit signs

Manitoba building code (MBC)

1.3 Submittals

A

2

3

Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
Information to include:
.1 Complete list of the types of lighting luminaires, lamps, ballasts and accessories.

.2 Mounting details to include design of pole bases and fixing the luminaires to handrails,
precast panels and similar structures.

Complete photometric data prepared by independent testing laboratory for specified
luminaires and accessories.

Photometric data to include:

.1 Total input watts.

.2 Candlepower summary.

.3 Candela distribution zonal lumen summary.

4 Luminaire efficiency.
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.5 CIE type.
.6 Coefficient of utilization.
.7 Lamp type and lumen rating in accordance with IES testing procedures.

.8 For floodlights: vertical and horizontal beam spread, beam lumens, beam efficiency and
complete photometric data. Computer print-out for aiming angles.

.5 Samples:
.1 Provide samples of luminaires, lamps, ballasts and accessories as required per Final
Design.
.6 Lighting Study.
2, PRODUCTS
21 Performance Criteria

.1 LED luminaires are required for all indoor and outdoor lighting.

.2 Provide commercially available luminaires and poles meeting the requirements specified in
this Section and list them in a luminaires schedule.

.1 Different luminaires and lamps may be supplied by different manufacturers.
.2 Similar luminaires and lamps shall be supplied by a single manufacturer.

.3 For recessed luminaires supply pre-wired type with the junction box and the ballast forming
an integral part of the assembly. Provide unit complete with plaster rings and supports as
required to provide satisfactory access.

4 Where applicable, use acrylic lenses with pattern as specified or as selected by Final
Design.

.5 Use self-aligning ball joint hangers for stem suspended luminaires.

.6 Use aligning channels approved as fixture raceway for mounting suspended continuous-row
luminaires in dry areas.

.7 Provide mounting hardware for recessed luminaires which is designed for the specified
ceiling system.

.8 Luminaire bodies for corrosive areas shall be non-metallic or epoxy-coated in the same
manner as PRA conduit, specified in Section 16106.

.9 Hinges, latches and other exposed hardware shall be non-metallic or 316 stainless steel for

corrosion-resistant luminaires. Use 316 stainless steel chains for suspension of corrosion-
resistant luminaires.
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.10 Luminaires for hazardous locations shall be certified for the hazardous area classification
shown or specified.

.11 Emergency Lighting:
.1 Emergency lighting shall be in accordance with Section 16536.
2.2 Configuration, Components and Features
.1 LED Lamps:
.1 Supply voltage and wattage as set out in the Final Design.
.2 Ballast electronic, integral.
.3 Rated life minimum 100,000 hours.
4 CRI not less than 80.
.5 Colour temperature 2700 K.
.6 Maximum indoor lighting voltages shall be 120 VAC.
.2 LED Luminaires:

.1 Heavy-duty industrial-type housing designed for the environmental classification
specified or shown.

.2 Luminaire construction shall include protective glass lens when used with LED lamps.

w

Provide gasketing, stops and barriers to prevent light leaks.
4 Luminaires subject to vibration shall be configured to securely hold their lamps in place.
.5 Ballasts:

.1 Regulated output, maintains light output over a range of plus or minus 10 percent
of input voltage.

.2 Starting current less than operating current.
.3 95 percent or better power factor.
.3 Exit Lights, Non-process Areas:
.1 Housing: High-impact polycarbonate housing or aluminum.

.2 Faceplates: Gasketed polycarbonate clear faceplate.

w

High-brightness LED.

~

Designed for twenty-five (25) years of continuous operation without replacing LED.
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10

A1

12

13

Approximately 150 mm high x 13 mm wide red letters.

Emergency operation 120 VAC input.

Single faceplate to remain captive for re-lamping.

CSA C860 certified.

Single- or double-face mounting.

Snap-out directional chevrons.

For installation in the following non-process areas:

.1 Electrical Rooms, Control Rooms, Computer Rooms and Offices.
Arrow right, left or both directions, as required.

Wall end to wall and ceiling mounting as required.

4  Exit Lights, Process Areas:

A

As specified in Clause 2.3.4 in this Section with the following exceptions:
.1 Housing: Water-tight fibreglass housing with polycarbonate lens.

.2 Faceplate: Clear scratch-resistant polycarbonate lens.

.3 NEMA 4X enclosure.

4 CSA C860 certified and CSA 22.2 No. 141 performance certified.

.5 Hazardous classification rating: as set out in the Final Design.

.5 Outdoor Floodlights:

A

Outdoor weatherproof floodlight with die-cast aluminum housing. Integral watertight
entrance bushing with rubber gland. Aluminum yoke with bolt hole for mounting
accessories. Degree-marked vertical pre-aiming quadrants with repositioning stop to
automatically return fixture to original setting after servicing. Anodised aluminum lens
ring, gasket, and complete with stainless steel pressure clamps. Lens assembly captive
to reflector by hinge or chain. Cast aluminum rear re-lamping knob.

.2 Lens: clear heat-tempered, shock-and impact-resistant.

.6 Safe Swivel:
.1 Provide safe switch or swivel pole for station mounted luminaires.
.2 Safe swivel pole shall be Type 316 stainless steel.

.7 Outdoor Area Luminaires:
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—_

Weatherproof luminaire with one-piece, precision-cast aluminum housing.

.2 Optical assembly for LED lamps:
.1 Reflector: sheet aluminum chemically-brightened finish.
.2 Refractor: one-piece prismatic glass.
.3 Gasket: seal between refractor and housing.

.3 Filter to prevent entrance of dust.

4 Light distribution: IES distribution type shall be achieved by adjusting position of lamp
socket.

.5 Self-locking latches of stainless steel and aluminum.

.6 Twist-lock type receptacle for photoelectric controller to Section 16571.

.7 Adjustable slip-fitter with tightening bolts on outside of fixture.

.8 Factory wired, including integral ballast with electrical disconnect terminals on
removable door or with quick-release screws.

.8 Steel Poles:

.1 To NEMA SH5, hot-dipped galvanized steel, designed for underground wiring and for
mounting on concrete anchor base.

.2  Style: Monotube round, square or octagonal, straight or tapered, wall thickness to suit
luminaire(s) and specified wind load, but not less than 3 mm, complete with pole cap.

.3 Single sweep davit arm to match pole shaft, for one or two luminaire(s) with tenon
suitable for mounting of luminaire.

4 Strength: Pole and bracket to withstand 160 km/h wind without deformation with
luminaire mounted.

.5 Access hand-hole 450 mm above pole base for wiring connections, with welded-on
reinforcing frame, bolted-on weatherproof cover and grounding lug.

.6 Height: as set out in Final Design.

.7 Finish: factory-applied hot-dipped galvanized.

.9  Aluminum Poles:

A

2

To NEMA SH5, manufactured from 6063-T6 aluminum and designed for underground
wiring and mounting on concrete anchor base.

Style: Monotube round or square, straight or tapered wall thickness to suit luminaire(s)
and specified wind load, but not less than 4.7 mm, complete with pole cap.
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.3 Single-sweep davit arm to match pole shaft, for one or two luminaire(s) with tenon
suitable for mounting of luminaire.

4 Strength: pole and bracket to withstand 160 km/h wind without deformation with
luminaire mounted.

.5 Access handhole 450 mm above pole base for wiring connections, with welded-on
reinforcing frames, hex-head bolted-on weatherproof cover and grounding lug.

.6 Height: as set out in Final Design.
.7 Finish: Anodized.
.10 Luminaire Pole-Mount Brackets:
.1 Mounting brackets steel or aluminum for luminaires shown or specified.
.2 Provide all single and twin brackets.
.3 Arm extension length: as set out in Final Design.

4 Provide single- or double-tapered davit-type bracket with underbrace and with hardware
for clamping to pole shaft.

.5 Acceptable Product: Same manufacturer as light poles.
.11 Concrete Pole Bases:
.1 Pole bases may be cast-in-place or precast to CSA-A23.1 or CSA-A23.4.
2.3 Spare Parts
.1 Include the following in the Spare Parts list
.1 Lamps and ballasts.
.2 Manufacturer's recommended # of spare lamps.
.3 Manufacturer's recommended # of spare ballasts.
3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
.3 Install recessed luminaires in T-bar or plaster ceilings to permit removal from below to gain

access to outlet or pre-wired luminaire box. Make final connection from boxes to luminaires
with flexible conduit. AC-90 (with 14 AWG conductors) may be used but if so, shall be
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10

1

12

A3

independently supported, (i.e. not from the connectors), and have anti-shorts installed. For
either method, the length of the flexible connection shall not to exceed 1.5 m per CEC.

When luminaires are installed in valances with solid lens, provide adequate ventilation of
openings into ceiling space to dissipate heat.

Install ceiling canopies to cover suspension attachments and fit tightly to ceiling without
restricting alignment of hanger.

Apply protective coat of bituminous paint to surfaces of recessed luminaires in contact with
concrete.

For remotely-mounted ballasts, supply mounting boards and space ballasts in accordance
with manufacturer's instructions. Size wiring from ballast to remote luminaires to meet
manufacturer's requirements.

Completely clean all luminaires, including lenses, lamps, hangers and interiors at completion
of Work and before Handover.

Luminaire Supports:

.1 Support luminaires level, plumb, and true with structure and other equipment in
horizontal or vertical position as intended. Install wall or side bracket mounted luminaire
housings rigidly and adjust to a neat flush fit with mounting surface.

.2 Hang and mount luminaires to prevent distorting frame, housing, sides or lens.

.3 Support luminaires independently of suspended ceiling.

4 In dry locations, support luminaires mounted in continuous rows from an approved
lighting fixture raceway.

Luminaire Alignment:

.1 Align luminaires mounted in continuous rows to form a straight uninterrupted line.
.2 Align luminaires mounted individually parallel or perpendicular to building grid lines.
Suspended Luminaire Connections:

.1 Connect suspended luminaires to junction box through a length of flexible conduit.
Branch Circuit Wiring:

.1 Minimum conductor size is 12 AWG or as otherwise specified.

.2 Size conduits in accordance with CEC requirements for the wire count installed.
Minimum conduit size shall be is 21 mm.

Exit Lights:

.1 Lock exit light circuit breakers in ON position.
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2

Do not use RPVC conduit for exit light branch circuit wiring.

.14 Floodlights and Area Lights:

A

2

.6

a7

Install brackets on poles.

Erect poles on foundations, true and plumb using shims as required and securely
anchor standards to anchor bolts. Touch up all chips and scratches on poles upon
completion. Under no circumstances bend or hammer anchor bolts into position to suit
the pole flange. In case of mismatches, replace pole base with correct-dimensioned
anchor bolts.

Install luminaires on pole brackets or davits, as applicable, and connect to pole wiring
and install lamps.

Pole wrap: all poles shall be individually wrapped at factory. Wrapping shall be removed
after erection.

Align and aim energized floodlights and area lights during hours of darkness and in
presence of a qualified professional.

Lock floodlights in final aiming position.

Connect pole wiring to underground branch circuit in handhole at pole bases.

.15 Pole Bases:

A

3

Install concrete bases for pole with top of base 70 mm above grade unless shown
otherwise required by the Final Design. Provide chamfered edges.

Provide template for positioning of anchor bolts for poles. Extend anchor bolts 75 mm
above top of bases.

Restore area around pole base to match finish grade and material of surrounding area.

.16 Coordination:

A

2

Confirm compatibility and interface of other materials with luminaire and ceiling system.
Any conflicts between luminaries, supports and fitting, and mechanical or structural

building elements shall be fully resolved without leaving any impairment of the
functionality, structural integrity or the aesthetics of the work

END OF SECTION
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1.1

1.2

1.3

21

2.2

GENERAL

Summary

.1 This Section specifies supply and installation of unit equipment for emergency lighting.
Standards

.1 CSA C22.2 No. 141 - Unit Equipment for Emergency Lighting.

Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Data to indicate system components, unit capacity, mounting method, source of power
and special attachments.

.3 Submit mounting details which bear the stamp of a qualified professional.
PRODUCTS
Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Cooper Lighting.
.2 Lithonia.
.3 Thomas & Betts.
4 Or approved equivalent.
Configuration, Components and Features
.1 Control Unit:
.1 Supply voltage: 120 VAC.
.2 Output voltage: 12 VDC.
.3 Operating time: thirty (30) minutes minimum.

4 Battery: sealed, maintenance free with 50 percent spare capacity to allow for
connection of future additional light heads.
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.5 Charger: solid-state, multi-rate, voltage and current regulated, inverse temperature
compensated, short circuit protected. Capable of restoring battery to full charge within
twelve (12) hours after a discharge of not more than thirty (30) minutes at rated load.

.6 Solid state transfer.

.7 Low-voltage disconnect: solid state, modular, to operate at 80 percent battery output
voltage.

.8 Signal lights: solid state, life expectancy 100,000 hours minimum, for 'AC Power ON'
and 'High Charge'.

.9 Cabinet: NEMA 4X. Wall or shelf mounting as applicable, with provision for wiring entry.
.10 Ready access to battery.
.11 With integral lamp heads and provision for remote heads.
.12 Auxiliary equipment:
.1 Test switch.
.2 Time delay relay upon return of normal power.
.3 AC input and DC output terminal blocks inside cabinet.
4  Shelf or bracket as required.

.5 Cord and single plug connection for AC connection.

o

RFI suppressors.
.2 Lamp Heads:
.1 Swivel-type integral on unit, 360° horizontal, 180° vertical adjustment.
.2 Remote-type for installation on surface mounted box, with swivel-type adjustment.
.3 Remote gimbal-type for recessed mounting.
4 Enclosure type suitable for area classification.
.5 Lamp type: LED, sealed-beam not less than 3 W.
3 Wiring:

.1 All DC wiring shall be 10 AWG minimum, except where wiring to be larger as required
to limit voltage drop.
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3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.

END OF SECTION
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1.1

1.2

1.3

21

2.2

GENERAL
Summary

.1 This Section specifies supply and installation of lighting control equipment complete with the
necessary accessories and components.

Standards
.1 CSA C22.2 No.184 - Solid-State Dimming Controls.
Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.
PRODUCTS
Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Lutron.
.2  Wattstopper.
.3 Douglas Lighting.
4 Or approved equivalent.
Configuration, Components and Features
.1 Photoelectric lighting control:
.1 Capable of switching lighting at 120 V.
.2 Voltage variation: plus, or minus 10 percent.
.3 Temperature range: minus 40°C to plus 40°C.
4 Adjustable light sensitivity from 20 to 500 Ix.
.5 Rated for 5000 operations.
.6 Required options:
.1 Lightning arrester.

.2 Fail-safe circuit completed when relay de-energized.
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.3 Twist-lock type receptacle/plug.
4 Integral terminal strip.
.7 Switching time delay of thirty (30) seconds.
.8 Wall mounting.
.9  Colour coded leads.
.2 Lighting Contactors:

.1 Provide NEMA rated lighting contactor(s), 20 A, 120 VAC coil, and number of poles as
set out in the Final Design.

.3 Occupancy Sensors:

.1 Occupancy sensors shall be either passive infra-red or ultrasonic technology. Dual
technology (passive infra-red and ultrasonic) occupancy sensors shall be used where
required in administration area (washrooms, storage rooms, mechanical rooms and in
control room).

.2 Photo sensors and/or occupancy sensors and electronic timers shall be provided with
manual overrides in some areas so that the end users can easily switch the spaces
they are occupying manually.

.3 Capabile of switching lighting at 120 V.

4 Equipment Identification

.1 Provide nameplate/ lamacoids per City Identification standard.

.2 Nameplate showing information in accordance with CSA C2.1 - 06.

.5 Provide lighting contactor panels, motion (occupancy) sensors, daylight (photo sensors)
sensors, electronic timers and or dimming control wall switches in accordance with Final

Design and lighting schedules.

.6 Lighting control system components and sensors must be easy to understand and operate
and shall have provision for connection to the automation system.

3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
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.3 Outdoor photo sensors will be mounted on the north face of the facility building, away from

direct sunlight. Indoor photo sensors shall be mounted near the north window, away from
direct sunlight.

4 Lighting Contactors:
.1 Install lighting contactors and connect auxiliary control devices.

.2 Assemble multiple contactors into a lighting control panel, complete with terminal blocks
for all external wiring.

END OF SECTION






RFP No. 659-2018B Section 16721

The City of Winnipeg Page 1 of 16

NEWPCC Upgrade: Headworks Facilities March 2020
FIRE ALARM SYSTEM

1. GENERAL
11 Summary

.1 This Section specifies supply and installation of complete and fully operated fire alarm
systems, including but not limited to:

.1 Fire alarm control panels.
.2 Transponders or slave panels.
.3 Annunciators.

4 Field devices including heat and smoke detectors, manual pull-stations, visual and
audible signalling devices, control relays, and ancillary devices.

.2 Coordinate with City fire department to identify and create zones and access routes for fire
department.

1.2 Standards

.1 All equipment shall be designed, manufactured, tested, and installed in accordance with the
applicable current CSA, EEMAC, NFPA, Factory Mutual Engineering, the latest edition of the
Manitoba Building Code and in particular the following:

.2 CAN/ULC-S524 - Installation of Fire Alarm Systems.

.3 CAN/ULC-S525 - Audible Signal Appliances for Fire Alarm Systems.

4 CAN/ULC-S526 - Visual Signal Appliances, Fire Alarm.

.5 CAN/ULC-S527 - Control Units, Fire Alarm.

.6 CAN/ULC-S528 - Manual Pull Stations, Fire Alarm.

.7 CAN/ULC-S529 - Smoke Detectors, Fire Alarm.

.8 CAN/ULC-S530 - Heat Actuated Fire Detectors, Fire Alarm.

.9 CAN/ULC-S531 - Smoke Alarms.

.10 CAN/ULC-S536 - Inspection and Testing of Fire Alarm Systems.

.11 CAN/ULC-S537 - Verification of Fire Alarm Systems.

.12 NFPA 70 Article 760 - Fire Alarm Systems.

.13 NFPA 72 - National Fire Alarm Code F.M. Data Sheet 5-48, Automatic Fire Detectors.

.14 ULC-S525 - Audible Signal Appliances, Fire Alarm.
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.15 Manitoba Building Code
1.3 Submittals

.1 Provide submittals for Division 16 in accordance with Sections 01300 and 16010 and the
following:

.1 Manufacturer's descriptive literature for materials.

.2 Submittals will include design, supply, installation, testing and verification of the Fire Alarm
and detection system, signed, and sealed by a qualified professional.

.3 Include:
.1 Detail assembly and internal wiring diagrams for control units.
.2 Overall system riser: Identify control equipment, initiating zones, signaling circuits and
identify terminations, terminal numbers, conductors and raceways. Identify terminals
and provide interconnections with plant process and third party monitoring.

.3 Details for devices.

4 Details and performance specifications for control, annunciation and peripherals with
item-by-item cross reference to specification for compliance.

.5 Graphic panel display layout, internal layout and wiring diagrams.
.6 Step-by-step operating sequence.
4 Submittals after Testing:

.1 Provide operation and maintenance data for fire alarm system for incorporation into
manual specified in Appendix 18F — Operation and Maintenance Information.

.2 Include:

.1 Instructions for complete fire alarm system to permit effective operation and
maintenance.

.2 Technical data — illustrated parts lists with parts catalogue numbers.

.3 Copy of approved Shop Drawings with corrections completed and marks removed
except for review stamps.

4  List of recommended spare parts for system.
2, PRODUCTS
21 Manufacturers and Products

.1 Acceptable Manufacturers:
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.1 CHUBB Edwards.
.2 Siemens (Cerberus / Pyrotronics).
.3 Or approved equivalent.
2.2 Performance Criteria
.1 General:
.1 All materials supplied shall be new and listed for the intended use.

.2 Except as specifically identified herein, all fire alarm system equipment and
components shall be by a single manufacturer.

.2 Special Conditions:

.1 Coordinate the fire alarm system in accordance with Section 16010 for all conduit
routes, equipment locations and field device locations. Coordinate detector locations
with other equipment, piping, cable trays, and lighting.

.2 All installed devices and equipment installed shall be accessible and that clearances
have been provided for the automatic detectors and equipment as set out in the
standards.

.3 The installation shall be compatible with the equipment supplied and that the fire alarm
system is complete and operational.

4 Any devices installed in classified (hazardous) areas shall be listed as suitable for the
classification of the area in which they are installed (i.e.: Class 1, Zone 1, Group IIA).

.3 Regulatory Agencies:

.1 System components shall be listed by ULC and comply with applicable provisions of
Manitoba Building Code, and meet requirements of local authority having jurisdiction.

.2 The installation will comply with the acceptance of the regulatory agencies in
accordance the following:

.1 Winnipeg Fire Department (for annunciator, zone designation and zone map
graphics only).

4  Fire Alarm System Requirements:

.1 Fully supervised, microprocessor-based, fire alarm system, utilizing digital techniques
for data control and digital, and multiplexing techniques for data transmission.

.2 System to carry out fire alarm and protection functions; including receiving alarm
signals; initiating general alarm; supervising components and wiring; actuating
annunciators and auxiliary functions; initiating trouble signals and signaling to
monitoring agency.
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.3 Zoned, non-coded single stage.

4 Modular in design to allow for future expansion.

.5 Operation of system will not require personnel with special computer skills.

.6 System will include:

A

.10

11

A2

Central Control Unit (CCU) in separate enclosure with power supply, stand-by
batteries, central processor with microprocessor and logic interface, main system
memory, input-output interfaces for alarm receiving, annunciation/display, and
program control/signalling.

Addressable relays for sprinklers, fire pumps and its LCP, and existing fire alarm
monitoring.

Power supplies.

Initiating/input circuits.

Output circuits.

Auxiliary circuits.

Wiring.

Manual and automatic initiating devices.
Audible and visual signalling devices.
End-of-line resistors.

Local and remote annunciators.

Event log memory chip.

.7 For general requirements, refer to Section 16010.

.8 The fire alarm system is to operate in accordance with the following event sequences:

A

Stage Il Alarm:

.1 Upon activation of a manual pull station, a heat detector or sprinkler flow alarm
switch:

.1 Generate an alarm signal (including strobe lights) throughout the alarm
initiating ZONE and an alert signal throughout the premises and cause
the remote fire department connection relay to close.

.2 If the alarm signal is not acknowledged within five (5) minutes of the
alarm initiation, sound an alarm signal throughout the premises.
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.2 Upon activation of a subsequent heat, smoke, sprinkler or manual pull station
within the same ZONE, sound an alarm signal throughout the premises.

.2 Stage | Alarm:
.1 Upon activation of a smoke detector:

.1 Generate a visual signal (strobe lights only) throughout the alarm
initiating SUBZONE or ZONE, whichever is smaller, and an alert signal
throughout the alarm initiating zone. The fire department connection
relay will not be closed at this stage.

.2 If the alert signal is not acknowledged within five (5) minutes of the alarm
initiation, sound an alarm signal throughout the premises and cause the
remote fire department connection relay to close (i.e. Stage Il alarm).

.2 Upon activation of a subsequent heat, smoke, sprinkler or manual pull station
within the same ZONE, sound an alarm signal throughout the premises and
cause the remote fire department connection relay to close (i.e. Stage Il alarm).

.3 If an alarm is acknowledged and a subsequent alarm is activated in a separate
ZONE, the alarm sequences shall be repeated.

4 Activation of any field devices shall be annunciated at all main and slave control
panels and all annunciators. The annunciation will include the type of the field
device, the ZONE, the SUBZONE, the device address, time and date of alarm and
the user text description.

.5 Alarm and alert signals shall be automatically transmitted through individual Form-
C contact relay outputs to the Facility automation system on a ZONE or BUILDING
indication basis.

.6 Alarm, trouble and initiating zone information shall be communicated to automation
system based on Final Design i.e. Modbus TCP/ Ethernet.

2.3 Configuration, Components and Features
.1 Power Supply Units:
.1 Power supply units shall be provided for each self-contained unit including:
.1 Main control panels.
.2 Slave control panels.
.3 Main fire alarm system annunciator.
4 Secondary fire alarm system annunciators.

.5 Each power supply unit will contain suitable over-voltage protection to prevent any
malfunction or damage due to power line surges (e.g. lightning).
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.10

1

12

A3

14

15

Each power supply unit shall be equipped with a built-in standby battery of
nominally 24 VDC, rated to maintain fire alarm system operation for twelve (12)
hours. In addition the battery shall be capable of operating field indicators,
including horns and strobe lights, for at least thirty (30) minutes. The field indicators
may be turned off by the fire alarm system after thirty (30) minutes of operation,
during a particular power failure, to enable the battery to attain operating the fire
alarm system for a minimum of twelve (12) hours. The power supply and the
standby battery shall be sized for 50 percent spare capacity for future expansion.

Upon loss of primary 110 VAC power, the power supply unit will automatically
revert to battery power, and the fire alarm system will remain fully operational.

When a fire alarm system control panel is operating on battery power, an
equipment trouble indication shall be provided on the fire alarm system main
control panel.

The load shall be automatically switched off when the voltage drops below 19V, to
protect battery cells from being damaged by complete discharge, and equipment
trouble indication shall be provided on the fire alarm system main control panel.

When the AC power is restored, the power supply unit will automatically revert to
normal operation without requiring any manual restoring procedure.

The power supply battery unit will automatically be maintained in charged condition
by a built-in short-circuit proof charger.

During normal operation, if the battery voltage drops below 20 VDC of nominally
24 VDC, an equipment trouble indication shall be provided on the fire alarm system
main control panel.

Batteries shall be completely sealed gel type.

Each power supply unit and charger circuit, including all fuses, shall be supervised.
Any malfunction or blown or missing fuse will result in a fault indication on the Main

Control Panel.

The primary power per Final Design

.2 Field Devices and Ancillary Devices:

.1 Manual Pull Stations:

A

2

3

4

All manual pull stations shall be addressable.
Manual pull stations shall be single-stage, pull-down lever type.
Colour red with white typeface.

Surface or flush mount.

.2 Explosion Proof Manual Pull Stations:
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A

The explosion-proof (XP) manual pull station shall be suitable for installation in
hazardous locations classified in accordance with Section 18 of the Canadian
Electrical Code CSA C22.1.

.3 Addressable Input Module:

A

The addressable input module shall be capable of connecting at least 20 parallel
field devices into an addressable detection loop of the standard range of control
units produced by the manufacturer.

The addressable input module shall connect to the control unit via a fully
supervised two-wire circuit. Separate power line shall not be required.

Each addressable input module shall represent one address on the control unit.

The detector line connected to the addressable input module shall be supervised
against open and short circuits.

The addressable input module shall be equipped with a built-in alarm LED as a
response indicator for parallel detectors and/or contacts connected.

The addressable input module shall be able to activate the corresponding alarm
response indicator on the parallel connected detectors.

4 Addressable Control Module - Signal

A

4

5

The addressable control module shall be designed to supervise and operate 24
VDC strobe lights.

The output contact of the addressable control module shall be rated for at least 1.5
A at24 VDC and 0.5 A at 110 VAC.

The module shall be fully supervised and will have provisions for a connection of
an external contact to provide a confirmation signal shall be sent back to the
Control Unit via the detection line after the control function has been carried out.

The module shall have a built-in response LED to flash during alarm activation.

The control module function shall be programmable at the Control Unit.

.5 Addressable Heat Detectors

A

Heat detectors shall be combination fixed-temperature and rate-of-rise type. The
fixed temperature rating shall be set at 57°C.

Heat detectors shall be addressable analogue type.
Heat detectors shall be self-restoring type.

Where the heat detector outlet box is surface mounted, provide a detector base
skirt ring or a finished surface mount outlet box.
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.6 Addressable Explosion-Proof Heat Detectors

.1 Explosion-proof heat detectors shall be combination fixed temperature and rate of
rise type.

.2 Explosion-proof heat detectors shall be self-restoring type.

.3 Explosion-proof heat detectors shall be provided for high-humidity locations.

.4 Explosion-proof heat detectors shall be provided for installation in Class | and
Class Il Hazardous Locations in accordance with Section 18 of the Canadian

Electrical Code, CSA C22.1.

.5 Explosion-proof heat detector connections shall be standard Class A supervised
Fire Alarm circuit.

.7 Addressable Smoke Detectors
.1 Addressable smoke detectors shall be photoelectric type.
.2 Addressable smoke detectors shall be automatic adjusting intelligent type sensor.

.3 Addressable smoke detectors to operate at ambient temperature from minus 25°C
to 75°C and at relative humidity up to 80 percent.

.4 Addressable smoke detectors shall operate on 24 VDC power.

.5 Addressable smoke detectors or detector bases shall be addressable so that each
smoke detector can be annunciated individually.

.6 Addressable smoke detectors shall have an LED indicating light.
.7 Addressable smoke detectors shall have interchangeable bases.

.8 Where the addressable smoke detector outlet box is surface mounted, provide
detector base skirt ring or a finished surface mount outlet box.

.8 Intrinsically Safe Smoke Detectors
.1 Intrinsically safe smoke detectors shall be photoelectric or ionization type.

.2 Intrinsically safe smoke detectors shall meet the requirements of Section 18 of the
Canadian Electrical Code CSA C22.1.

.3 Provide intrinsically safe smoke detectors connections with intrinsically safe
module via standard Class A supervised alarm circuit.

.9 Intrinsically Safe Heat Detectors

.1 Intrinsically safe heat detectors shall be combination fixed temperature and rate of
rise type.
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.2 Intrinsically safe heat detectors shall be self-restoring type.

.3 Provide intrinsically safe heat detectors connections with intrinsically safe module
via standard Class A supervised alarm circuit.

.10 Intrinsically Safe Modules

.1 Intrinsically safe modules shall comply with the requirements of Section 18 of the
Canadian Electrical Code, CSA C22.1.

.2 Intrinsically safe modules shall be enclosed in a separate cabinet.

.3 Intrinsically safe modules shall have the required interface so that the module may
either be located in a Main or Slave Control Panel or may be connected to an
addressable loop.

.11 End-of-Line Devices (Addressable)

.1 End-of-Line devices will control supervisory current in alarm circuits and signalling
circuits, and shall be sized to provide correct supervisory current for each circuit.
Open, short or ground fault in any circuit shall alter supervisory current in that
circuit, producing audible and visible alarm at main control panel.

.12 Photoelectric Detectors (Addressable)

.1 Plug-in type.

.2 Adjustable photo-electric sensitivity.

.3 Wire-in base assembly with integral red alarm LED.

.13 Signaling Devices

.1 Horn

.1 The horn will have the following features:

.1 Multitone capability with three separate prioritized inputs that will activate
three isolated signals.

.2 Two power taps to allow field adjustments.
.3 Polarized inputs.

.4 Tone selection shall include Horn, Bell, March Time Horn, Code-3 Horn,
Code-3 Tone, Slow Whoop, Siren, High/Low, Vibrating Chime.

.5 Operate on 24 VDC power.
.2 Combination Horn and Strobe Light

.1 In addition to the horn, the unit shall have the following:
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.1 Strobe light using a xenon flashtube with 15 rated candela.
.2 Strobe and horn may be powered either collectively or separately.

.3 Strobe light shall have clear translucent lens with 12 mm high "FIRE"
lettering on at least two sides.

4 Operate on 24 VVDC power.
.3 Explosion Proof Horn
.1 The horn shall be vibrating type.
.2 Explosion-proof horn shall be provided in Class | Hazardous Locations.
.3 Operate on 24 VDC power.
4 Bells

.1 Vibrating type gongs of special alloy steel, 24 VDC, 250 mm, 92 dB at 3 m. For
outdoor application, the bells shall be enclosed in a weatherproof box,

.14 Isolated Loop Circuit Protector
.1 Isolated loop circuit protectors shall be installed with detector addressable loops.

.2 Isolated loop circuit protectors shall have circuit protection against open, short and
ground conditions.

.3 Isolated loop circuit protectors response time shall be less than 1 nanosecond.

4 Isolated loop circuit protectors shall be rated for a maximum current of 2000 A, line
to line and line to earth.

.5 Isolated loop circuit protectors shall be rated for a maximum current of 5000 A,
shield to earth.

.6 Isolated loop circuit protectors shall be mounted in an approved enclosure.
.3 Conduit, Junction Boxes and Outlet Boxes
.1 Conduits, Conduit Fastenings, and Conduit Fittings

.1 Conduits, conduit fastenings, and conduit fittings shall be in compliance with
Section 16106.

.2 All addressable loops, initiating device circuits and audible, visual signalling circuits
shall be installed in:

.1 EMT conduit in above grade non-process areas

.2 Rigid aluminium conduit (RA) for lower level areas.
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.2 Junction and Outlet Boxes
.1 Junction and outlet boxes shall comply with Section 16131 and 16141.

.2 Where fire alarm devices are installed on surface mounted outlet boxes, the outlet
box shall be flush with the device base.

.3 Use explosion proof junction and outlet boxes in hazardous areas except where
intrinsically safe devices are used.

.4 Conductors, Wires and Cable

.1 Wires and cables shall have solid copper conductors with 600 V, RW90 XLPE
insulation, minimum 90°C rating or per the Final Design

.2 Conductor size shall be in accordance with the requirements of the Fire Alarm
equipment supplier.

.3 Conductors shall be twisted and/or shielded as required by the Fire Alarm equipment
supplier.

4 Conductors colour code:
.1 AC Line, DC Positive: Black
.2 AC Neutral, DC Negative: White
.3 Ground: Green
.4 Signal Circuits: Red & Black
.5 Detection Circuits: Blue & White
.6 Intrinsically Safe Wiring: Blue
.7 Primary Communication Wiring: Use same colour code throughout

24 Equipment and System Controls
.1 Control Panels:
.1 Design and Construction:

.1 The fire alarm control panel shall be modular in construction, with solid-state multi-
tasking microprocessor-based technology.

.2 All components shall be housed in a surface- or flush-mounted approved metal
enclosure behind a cylinder-locked, removable hinge door with a view window of
clear Plexiglass. Opening the door shall not expose live components or wiring. Live
components and wiring shall ONLY be accessible after opening the cover plate
behind the hinged door.
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.3 Allfire alarm and annunciator panel locks shall be keyed alike.

.4 Panel modular layout shall provide space for wiring to be run in bundles or ribbons
in an orderly fashion.

.2 Basic Components
.1 The fire alarm panel shall have the following skeleton components:
.1 Power supply unit
.2 System display unit including access and programming keys

.3 Fire alarm system CPU, Master Controller Module complete with RS232 and
Ethernet ports for connection to laptop computer for programming purposes

4 Fire alarm system network communication modules for Style 7 network interface
.5 Initiating device circuit modules
.6 Signalling device circuit modules
.7 Output relay modules as required for automation system interface
.8  Memory modules for logging all fire alarm system activities.
.9 10 modules and interface modules
.3 Fire Alarm Panel and Annunciator Display:

.1 Design, supply and install LED graphic annunciator. Connect or integrate the
annunciator to the Fire Alarm panel.

.2 The annunciator location per the Final Design
.3 The fire alarm system panels and annunciator units will contain the following:

.1 Minimum eighty (80) character backlit alphanumeric LCD display. The display
shall indicate fire alarm system status and history log (i.e. system normal, system
trouble and system alarm with specific identification of the Zone, Subzone or
addressable device which initiated the status change), including time and date of

event occurrence.

.2 Mounted integral to the LCD display shall be a zoning diagram of size 280 by
430 mm (11 inch x 17 inch) mounted under a clear plexiglass frame.

.3 Stage 1 Alarm indicating LED and Alarm Acknowledgement button.
4  Stage 2 Alarm indicating LED and Alarm Acknowledgement button.

.5 Trouble Signal indicating LED and Trouble Acknowledgement button. This is for
a priority 3 type of alarm including valve limit switches and auxiliary functions.
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.6 Fire alarm system hardware trouble-indicating LED and Acknowledgement
button. This is for indicating sensor faults, low battery, and panel and system
faults.

.7 Signal-silence indicating LED and button. This is for silencing the panel beeper
and the horns without acknowledgement. Acknowledgement infers action has
been or will be taken to remedy the problem. The LED illuminates and audible
alarms are silenced when the silence button is pressed.

.8  Fire alarm system power-on indicating LED.
.9  Fire alarm system reset button.

.10 ltems specified in clauses 1 to 8 above shall be visible through the view window
of the display unit and be accessible only by opening the enclosure door with a
key.

.11 Programmable function buttons.
.12 Operator key pad and menu function key pad.

.13 ltems specified in clauses 9, to 11 above shall be mounted behind a hinged door
not normally visible through the view window.

4  Fire Alarm System Performance:

.1 The fire alarm system shall be field programmable from a laptop PC and through
the system display panel. All programmed information shall be stored in non-
volatile memory after downloading into the control panel. No special programming
or EPROM burning shall be required and the fire alarm system shall remain in
operation during reprogramming.

.2 The fire alarm system shall follow latest password protection strategies.
.3 The fire alarm system shall have the capacity of at least forty (40) passwords.
4 Network response time shall not exceed two (2) seconds.

.5 Fire alarm system history data bank shall retain at least the last 600 alarm events
and 600 trouble events. Also, fire alarm system history shall be downloaded to
external drives.

.6 The authorized personnel shall be able to make minor program changes including
re-labelling of address points, temporary disabling or bypassing some address
points without the need for a manufacturer’s authorized representative.

.7 Provide the fire alarm system operating sequence as described in this Section of
the specification. When there is a change of fire alarm system status, sound an
alert at the panel. This sound alert may be silenced after the appropriate
acknowledgement switch has been activated. When activated, the Stage | alarm
acknowledgement switch shall also stop the march-time clock for automatic Stage
Il alarm initiation.
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.8 The fire alarm system shall be able to test all addressable devices at one panel
location to satisfy the requirement for field device testing by CAN/ULC-S536-M86,
Testing and Inspection of fire alarm systems.

.9 The fire alarm system shall enable adjustment of all addressable fire detector
sensitivity at the system display panel.

.10 When any individual fire alarm control panel is disconnected from the fire alarm
system primary communication network, it shall be capable of functioning as a
stand-alone fire alarm unit.

2.5 Identification

.1 All equipment and wiring shall be to be tagged in accordance with WWD — |dentification
Standard and City of Winnipeg fire department.

2.6 Spare Parts
.1 Include the following spare parts:
.1 Control Panels
.1 Addressable Loops: 20 percent spare modules.
.2 Signaling Circuits: 20 percent spare circuits
.3 Addressable Relay Contacts: 20 percent spare circuits
.2 Addressable Loops:

.1 20 percent spare capacity for all addressable loops. Include device address for
these spare points.

.3 Power Supply Units:

.1 Power supply units, including batteries sized for the capacities provided by each
panel.

3. EXECUTION
3.1 General

.1 Install in accordance with Manufacturer's recommendations and as required by the Final
Design.

.2 Perform tests in accordance with Section 16020 — Electrical Testing.
3.2 Installation

.1 Fire alarm and detection devices shall be installed in accordance with CAN/ULC-S524M -
Standard for Installation of fire alarm systems, and with the manufacturer's instructions.
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.2 Interface with the existing fire alarm panel to annunciate the alarm and trouble signals from
the existing facilities.

.3 Field Device Installations:
.1 General:
.1 All field device installations shall be in accordance with ULC S-524 with respect to
minimum clearance for smoke detectors, minimum and maximum installation
heights of manual pull stations and end-of-line devices.

.2 Intrinsically Safe Module:

.1 Where intrinsically safe modules are used, a limit of not more than fifteen (15)
detectors connected to one module shall not be exceeded.

.2 The end-of-line device shall be installed in the same enclosure as the module.
Mounting height of the enclosure shall be the same as the mounting height of an
end-of-line device. Wiring will leave the module and return to it as well.

.3 Intrinsically safe modules shall be installed outside the hazardous locations.

.3 Addressable Input Module:

.1 The end-of-line device shall be installed in the same enclosure as the module.
Mounting height of the enclosure shall be the same as the mounting height of an
end-of-line device. Wiring will leave the module and return to it as well.

4 Strobe Lights:

.1 Strobe lights shall be mounted at a height between 2 to 2.4 m and clearly visible
from the floor in all directions.

.5 Isolated Loop Circuit Protectors:

.1 Isolated loop circuit protectors shall be installed at an interval of not more than
twenty (20) addresses on an addressable loop and at the start of any T-tab
connections. Any addressable line connected to a T-tab shall not serve more than
twenty (20) addresses.

.6 Gaskets:

.1 All field devices at the tunnel level shall be installed with a gasket at the detector
base.

.7 Fire Department Annunciator:
.1 Provide and install fire department annunciator close to facility entry

.2 The final location shall be per Final Design and will also approved by fire
department.
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.3 All cables from facility annunciators shall be installed in conduit.
4 Maintenance:

.1 Provide maintenance in accordance with CAN/ULC-S536 for one year after Substantial
Completion of each portion of the fire alarm system. Submit inspection reports to the
City.

.2 Provide all maintenance requirements of the fire alarm system until facility handover.

END OF SECTION



RFP No. 659-2018B Section 16724

The City of Winnipeg Page 1 of 2
NEWPCC Upgrade: Headworks Facilities March 2020
PUBLIC ADDRESS SYSTEM
1. GENERAL
11 Summary

.1 This Section describes the requirements of a public address (PA) system that will service
both the interior and exterior of the Facility.

.2 The system will consist of a centrally located Power Amplifier/Mixer that to be installed in the
Electrical Room In-Plant Radio Rack Cabinet and a series of indoor and outdoor horns with
adjustable impedance taps.

.3 In addition to the basic microphone input, the PA system to be interfaced with an alarm
annunciator that maps process control alarms to pre-recorded voice messages.

1.2 Submittals
.1 Submit product data in accordance with Section 16010.
.2 Shop drawings will include the following information, diagrams and drawings:
.1 Equipment models, specifications, operation, and installation details.
.2 Power supply make, model, specifications, operation and installation details.

.3 Riser diagram and drawing standards showing all devices, cabling and cable numbers,
interconnection to fire alarm and access control systems

4 Wiring diagrams showing how various devices are connected to the external wiring.
.5 Cable details, including type and electrical characteristics.

.6 Provide operation and maintenance information for incorporation into manual specified

in Schedule 2.
2. PRODUCTS
2.1 Manufacturers and Products

.1 Acceptable Manufacturers:
.1 TOA Canada
.2 Or approved equivalent.
2.2 Configuration, Components and Features
.1 General

.1 System for areas covered by this project shall be integrated with existing NEWPCC
public address systems, where used.
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3.1

.2 All equipment to be rack mountable and powered with 120 VAC rack cabinet power
supply.

Public Address Amplifier/Mixer

.1 Supply and install integrated power amplifier and mixer of sufficient output to drive the
required number of horn speakers.

Public Address Speakers

.1 Supply and install a suitable number of outdoor rated speakers to ensure full exterior
coverage of the Infrastructure.

.2 Supply and install a suitable number of indoor speakers to ensuring sufficient audible
coverage of both interior while under normal plant operation

Microphone

.1 Supply and install a local microphone.

Interconnecting Cable

.1 Supply and install FT4 rated speaker interconnection cable between all speakers and

PA amplifier. Cables will either be installed in RA conduit or armoured jacketed cable
and properly supported.

EXECUTION

General

A

Install PA system in accordance with Manufacturer's recommendations and as required by
the Final Design.

PA system to be connected to UPS.

Layout both interior and exterior speaker placement to maximize audible area to minimize
the number of speakers required while ensuring there are no spots of inappropriate
(excessive) loudness. Ensure that speaker placement yields satisfactory loudness when the
Facility is in full operation. In order to assure uniform apparent loudness, a “zoned” volume
adjustment for areas of the Facility that are significantly louder than others to be provided as
necessary.

END OF SECTION
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1.1

1.2

21

GENERAL
Summary
.1 This Section covers supply and installation of telephone systems and equipment.
Submittals
.1 Submit product data in accordance with Section 16010 including.
.1 Manufacturer product data.
.2 Shop drawings of the layout drawings for the telephone system.
.3 Wiring diagrams.
PRODUCTS
Performance / Design Criteria
.1 Telephone System

.1 New facilities shall include an IP based telephone system, integrated to the existing
facility systems, where installed.

.2 Equipment and configuration of new systems shall be consistent with existing systems,
where appropriate.

.3 Provide complete analog telephone system with the capacity as required, and will
include, but not limited to following:

.1 Telephone Termination Backboard
.2 Routers and Switching Equipment
.3 Grounding
4 Power Supply and Backup Power
.5 Cables and Raceways, wall sockets
.6 Telephones, strobes and sounders and other hardware as required
.2 Telephone Termination Backboard
.1 Material: Fire-rated plywood.
.2 Size: minimum 4x4 feet, %" thick.

.3 Grounding
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.1 Provide wall mounted ground bus for telecommunication grounding.
3. EXECUTION

3.1 General

.1 Installation to be in accordance with the Manufacturer's recommendations and the Final
Design.

.2 Perform manufacturer's recommended tests to be conducted to show proper operation of
each equipment, and the system entirely.

.3 Coordinate with Owner to assign and update registry for telephone services

END OF SECTION
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1. GENERAL
11 Summary

.1 This Section covers system requirements for the Automated Access Control & Intrusion
Detection System for the Work. Coordinate with the NEWPCC Access Control Guideline
found in Appendix 18D.

.2 Provide a company to design, supply, install, verify correct functioning, test, and start-up the
Automated Access Control & Intrusion Detection System.

.3 The security systems specialist company and its lead designer will have a minimum of ten
years’ experience in design, supply and installation of access control and intrusion detection
security system.

1.2 Standards

.1 Design Builder shall comply with the standards set out in this Section.
.1 CAN/ULC S319 - Electronic Access Control Systems
.2 CSA C22.2 No. 41 - Bonding & Grounding of Electrical Equipment
.3 CSA C22.2 No. 205 - Signal Equipment
4 UL 294 - Standard for Access Control System Units
.5 UL 1076 - Proprietary Burglar Alarm Systems

1.3 Submittals

.1 Submit shop drawings and product data in accordance with Section 01300:

.1 Shop drawings to be submitted as outlined herein and contain all items within one
complete submission.

.2 Shop drawings will include a complete material list with manufacturer, style, model
number and quantity.

.3 Shop drawings will indicate materials, methods of construction and attachment or
anchorage, erection diagrams, connections, explanatory notes and other information
necessary for completion of the Project.

4  Shop drawings to be submitted complete with all necessary drawings, interconnection
diagrams and details with an index in appropriate binder or folder. Diagrams and detail
drawings to be of professional quality drafting.
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2, PRODUCTS
21 Manufacturers and Products

2.2

A

Acceptable Manufacturers:

A

Refer to the NEWPCC Access Control Guideline found in Appendix 18D.

Performance / Design Criteria

A

System Description and General Requirements

A

2

The system is to be integrated with the PCS Historian Server.

The designed, supplied and installed security system will comply with the requirements
detailed in this Section. This Section specifies specific system requirements and
regardless of use within the installed system and indicated in the supplied equipment
schedule.

Design, supply and install a complete access control/security monitoring system as
required and specified herein. Include all permit, testing and verification requirements.
System will include the following:

.1 Buildings Access Control System

.2 Intrusion Detection System

.3 Integration with Digital Video Management System (CCTV)

4 Interface with Fire Alarm and Detection System

System to be complete with all necessary components needed for fully functioning
system. Custom designed units will only be considered for those items that are not
currently available in the commercial market.

The system, when complete, will be free of all interference from cross-talk, hum, switch
and relay noise. All wiring to be terminated on terminal strips or blocks, and to be neatly
installed, laced and tagged as required. All terminals in terminal panels and junction
boxes to be provided with solderless connectors to Weidmuller (or approved equivalent)

terminal blocks with a separate terminal for each conductor.

All components for the system to be provided and installed by the qualified security
contractor.

All door rough-in, associated door hardware, pull and junction boxes, cables, wiring,
and conduits to be provided.

Review and verify the type of doors and mechanical door hardware that is being
installed and ensure that it is compatible with the security system requirements.

Access control functions will include, validation based on time of day, day of week,
holiday scheduling, site code verification, automatic or manual retrieval of cardholder
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10

1

12

A3

14

15

16

photographs, and access validation based on positive verification of card and code. An
interface between the Access Control System and the Intercom System (hard wired
relays) to be provided to allow for the control of designated doors based on operator or
reception REX type initiation sequenced through the security system to either provide
access or deny access based on an assigned schedule.

The system programming to be user-friendly graphical-user-interface (GUI) using a
Windows environment and allow mouse control of key functions.

The system to be capable of expansion through an Ethernet communications network
to accommodate future expansion.

The system to be easily scalable and expandable with the addition of appropriate
hardware and software.

Supply a licensed copy of all software programs being supplied in the system. These to
be turned over to the City for backup purposes.

Provide all programming for the system for alarm schedules, report schedules and
reader/control functions.

Provide the following as the minimum system performance requirements:

.1 Doors to unlock from valid read in less than 1 second

.2 Doors to lockdown after-hours in less than 2 seconds from command initiation
.3 Downloads of new user or system configuration to take less than 2 minutes

4 Report generation of built-in reports to take less than 2 minutes from the time of
initiation

.5 Status to be supplied back to host in less than 5 seconds on any change of state of
system

.6 System will have redundant server architecture. The redundant server to be able to
reside in any location network, allowing for continued operation of the system in
the event the primary server fails or is shut down for maintenance. (The redundant
server is not required at this time).

Provide training of City’s Representatives on the use of the card access system in
advance of commissioning the system at site. This will familiarize the operators with the
software and programming functions in advance of actual field use.

.2 System Requirements

A

Software application program to lock and unlock specified door(s) via valid ID cards,
manual requests, by software time schedules, exit pushbuttons and provide status of
each specified door.

Integrate the following functions with the PCS:
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10

A1

12

A3

14

15

To secure door(s).

To monitor door status.

To release selected door(s) under fire conditions.

To release door(s) when valid ID card is presented to card reader.

To place door(s) in a secure or unsecured mode automatically from software time
schedule.

To place door(s) in a secure or unsecured mode via the terminal keyboard.

To manually release door(s) for exiting. The use of manual release to be controlled
by the system schedules.

To verify valid ID cards, unlock door, display entry on CRTs and provide hard copy
of all events.

To monitor security alarms.

To prioritize alarm conditions.

To annunciate alarm points, door status and monitor points.
To display personnel files complete with text information.
To produce photo identification badges.

To maintain an event log containing a record of all system transactions including
but not limited to:

.1 Operator Sign On,

.2 Operator Commands,

.3 All card access events,

4  System alarms.

Provide synchronization between any access control or security point and the
Digital Video Management System. Any point in the system can initiate a
repositioning of an associated PTZ Camera and start a recording. The event would

be stored in the event log with a camera icon associated with the event which
would contain the recorded video information.

.3 Power Fail Restart

A

Provide an uninterruptible power supply in accordance with the NEWPCC Access
Control Guideline found in Appendix 18D.
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23 Configuration, Components and Features

.1 Intelligent Field Controllers

A

Unit to be listed by Underwriters Laboratories as meeting the requirements of UL 294
for access control and UL 1076 for Alarm Monitoring. Unit will have dedicated processor
to ensure fast response. Unit to be able to operate completely stand alone with all
functionality of system without host PC except on-line monitoring and downloading files.
Unit will store all transactions in buffer when host PC is not connected and immediately
download to host upon reconnection. Unit to be capable of storing a minimum of 1000
transactions in memory.

The Networked Intelligent Controllers will provide completely intelligent, local
processing capability with downloaded data base processing including the following
capabilities and features:

.1 Microprocessor-based for true distributed intelligent local processing.

.2 Minimum 512K processing RAM, expandable to 4-MB, with on board flash RAM
and battery backup to retain the stored data in memory for a minimum of 168
hours.

.3 Full local storage of a minimum of 100,000 cardholder records with PIN
assignments, area authorizations, time zones and activation/deactivation dates.

4 Full local storage of a minimum of 5,000 Event Transactions, stored if the
Controller loses communication with a SMA (Security Manager Application) server.
Transactions will then be automatically uploaded to the host when communication
is restored.

.5 The unit will also incorporate an on board direct LAN connection with minimum 10
MBaud capability.

.6 Complete control and monitoring of up to twenty card readers, with or without
keypads, connected utilizing two RS-485 multi-drop communication channels.

.7 Monitoring and control of a minimum of twenty-four fully supervised alarm inputs
points, expandable to 255 (total) alarm inputs through the addition of Remote Input
Modules.

.8 Control of a minimum of four auxiliary relay outputs, expandable to 96 (total) with
the addition of Remote Relay Modules.

.9 Input power for 120 VAC, 50/60 Hz.

.10 The controller shall support the card reader specified in the NEWPCC Access
Control Guideline found in Appendix 18D.

Units will control access for card readers, monitor points and auxiliary relays. Unit to
provide control relays to unlock door-locking mechanism, activate alarm output, activate
alarm shunt, activate power failure alarm, low battery alarm, and communication failure
alarm. Alarms to be LED annunciated locally to indicate status of the unit. All panels in
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common location to be mounted in security cabinets sized to suite application. Cabinets
to be fully enclosed painted metal with ventilated hinged locking door complete with
handle and tamper switch connected to access system. Provide terminal strips as
required in panels for field wiring.

Provide all required interface ports, input/output points and control relays to form a fully
operational system.

.2 Card Readers

A

Card readers to be solid-state microprocessor based electronic devices utilizing
proximity field effect technology, capable of reading binary data from specially encoded
PVC identification cards and transmitting that data to an access control unit. Indicating
LED's to show access accepted or denied status. An audible acknowledgement beep is
also required.

Presenting a card to the reader will initiate a signal read. Thereafter the card to be
removed from the reader’s field and re-presented before it is again read by the system.

The multi-coloured LED will indicate the status of the door as follows:
.1 Red status will indicate that the door is secure (locked).
.2 Green status will indicate that the door is unsecured (unlocked).

.3 Yellow status will indicate that the reader is not functioning (offline/trouble), is
processing a read request, or has denied access.

The card reader will produce an audible beep tone to indicate to the user:

.1 The card was read and/or access was denied.

.2 The door is being held open and needs to be closed.

Readers to be made from sturdy construction materials, capable of withstanding heavy
usage and be highly resistant to tampering and vandalism. Indoor readers will have at
minimum 150 mm read range (passive).

Card readers provided on the exterior doors to be approved for outdoor use and be
mounted on gasketed watertight boxes. Exterior mounted readers to be weatherproof
and will have a minimum 300 mm read range (passive).

All readers to be wired back to the access control unit directly.

Each card reader and/or reader electronics to be powered directly from the Access
Controller. External or local power supplies will not be required unless the reader

electronics is located more than 300 m from the controller.

Location of card readers to be shown on the Fire Alarm & Communication & Security
plan drawings.
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.10 Supply all of the card readers for installation of the system. Provide compatible card

readers (with similar characteristics) with the Lenel System or approved equivalent.

.3 Cards

A

2

The access card to be dual technology proximity access control card type.

All cards for the system to be encoded with same facility code. All card ID numbers to
be unique to a single card and will not be duplicated.

Cards to be highly resistive to wear and environmental deterioration and will have a
lifetime warranty and photo ID systems to be compatible with them. Photo identification
or other desired information to be capable of being directly applied to both sides of the
card forming a tamper resistive identification badge.

The access card to be "Passive" (non-battery operated) proximity technology and to be
compatible with Lenel Prox (or approved equivalent) card reader technology.

The read range of the access card to be extremely consistent, and not affected by body
shielding or variable environmental conditions. Expected card reader range is 150-
200mm.

Cards to be vertical or horizontal mounted and to accept straps and clips for attaching
the badge to clothing. Card size to be nominal 86 mm x 54 mm x 0.89 mm.

4 Door Control Power Supply

A

Door control power supply will provide 24 VDC with automatic battery charging output
circuit to maintain standby batteries. Power supply will have integral transient over
voltage protection and surge suppression complete with ground fault detection and
alarm. Power supplies to be located in field control panels or in separate cabinets
beside field control panel.

Door control power supply will provide power to the following:
.1 Door security control including all door hardware, card readers, LED's control
circuits and supervisory equipment. Power supplies will interface with Fire Alarm

release relay to release doors equipped with electric strikes or magnetic locks.

.2 Power supplies to be rated at 125% of total capacity of load connected.

.5 Electric Door Hardware

A

Provide all electric door and gate hardware. Hardware supplied will include electric door
operators, electric locks and/or strikes complete with latch monitor switch, electric butt
hinges, exit PIR, and door closed contacts.

Install all Card Readers and associated proximity cards and supply and install exit PIR
motion sensors, glass break detectors in windowed doors and on all ground floor
windows.



RFP No. 659-2018B Section 16735

The City of Winnipeg Page 8 of 10

NEWPCC Upgrade: Headworks Facilities March 2020
CARD ACCESS SYSTEM

.3 Coordinate with its security systems specialist Company to ensure that the proposed
electronic door and window hardware is suitable for the security system.

.6 Software Updates
.1 Maintenance updates and patches to the software package to be provided for the
lifetime of the system. These will include all revisions and enhancements to the original
software package supplied, but will not necessarily include new software products
subsequently released by the manufacturer after substantial completion. The latest
version of the security and access control system to be installed at start of
commissioning.
.7 Wire and Cable
.1 All wiring and cable installed and connected to any piece of equipment that forms part
of the security system to be electrically supervised and will indicate a fault or tampering
(open, ground) and provide a unique display of circuit trouble in the system on the
display screen.
.8 Materials and Fasteners
.1 Furnish hardware with all necessary fasteners, mounting brackets, and special tools
required for the proper installation as recommended by the manufacturer. Fastening
devices to be of the same material and finish as the item to which it is fastened. Any
wood screws to be threaded to the head. Provide hex bolts or through bolts on rated
mineral core doors.
24 Equipment and System Controls
.1 Software

.1 System software will run on the latest version of Windows Server and have these
features to enable user to perform the following tasks:

.1 Modify database files.

.2 Process alarms.

.3 Print files and reports.

4 Input and output shunting.

.5 Program system.

.6 Customized report capability.

.7 Operator password levels to restrict access from sensitive program areas.
.8 History report generation and printing.

.9 Backup capability.
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25

2.6

3.1

.10 Automatically logs all transactions to the hard disk.

.11 Limit access by time, date and holiday.

.12 Monitor hardware groups, hardware zones and access groups/access zones.
.13 Journal all transactions.

.14 Ability to acknowledge, cancel or reset an alarm.

.15 Have prioritized alarm capabilities allowing higher priority alarms to annunciate
before lower priority or during a lower priority alarm.

.16 Operator sign on duress feature which will alert other operator that guard is signing
on under duress.

Identification

A

All equipment units to be identified following the Identification Standard.

Spare Parts

A

Include in the list of Spare Parts all parts not available within a 24 hour period..

EXECUTION

Installation

A

All system wiring to be installed in RA conduit where exposed to possible damage except
cabling between CPU, keyboard, VDT, and printer. Cable in ceiling spaces to be run in EMT
conduit or to be armoured and neatly dressed and secured above the T-Bar tiles. Label all
system wiring at both ends.

All doors equipped with electric locks to be inter-connected to Fire Alarm System. Latches
and electric strikes for all doors to be released on Fire Alarm. Intelligent controllers will
remain powered and operational and continue to monitor all alarm points and report the
same to the security control room in the gatehouse.

Coordinate with Fire Alarm supplier for exact connection of fire release relays. Include Fire
Alarm release hardware and verification testing by the Fire Alarm supplier.

Programming of the system will begin as soon as practical. Provide schedule of proposed
meetings and information requests to the City. Submit information request questionnaires to
the City 28 Business Days in advance to obtain information required to program the system.
Coordination

.1 Coordinate installation of access control system with:

.1 Fire alarm and detection system

.2 CCTV system



RFP No. 659-2018B Section 16735
The City of Winnipeg Page 10 of 10
NEWPCC Upgrade: Headworks Facilities March 2020

CARD ACCESS SYSTEM

.3 PCS System

3.2 Equipment Checkout

.1 Testing, start-up and Adjustments

A

Upon completion of system installation, tests to be conducted to determine system
conformity to the requirements of the specifications, proper operation and programming,
and in accordance with Section 16020.

.2 Check List

10

1

12

A3

Sufficient working space in front of the security panels to perform maintenance.
Readers or other access devices located where they are accessible.

Security sensor are located, aimed, directed, coordinated and confirmed to provide
optimal operation efficiencies.

An adequate number of security detection devices have been installed to achieve
security of premises

Emergency power backup circuits for security system components are in place and
functioning.

Interfacing between the security system and the PCS has been done.
All devices and panels are tagged and identified.

Individual conductors are tagged and identified and terminals and terminal strips are
tagged and identified.

Raceways, junction boxes and termination cabinets are identified with colour-coded
bands or other approved means.

Equipment is ULC approved.
Spare parts for security system are present at the Facility.
All equipment is free of scratches, dents, cracks, paint and damage.

Equipment is bonded to ground.

END OF SECTION
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1. GENERAL
11 Summary

.1 This Section covers supply and installation of LAN based video recording and management
system for the Work.

.2 CCTV to be installed as set out by the Final Design. All cameras complete with digital video
steamers to be wired to connect back to the designed camera server located in the main
server room.

.3 The Digital Video Recording and Management System will include:

.1 PC based storage server and client software.

.2 Ability to integrate with the security system.

.3 Operator stations

4 Cameras

.5 Camera power supplies

.6 Network connected cameras or network connected camera streamers if necessary
.7 Network switching infrastructure with appropriate copper and/or fibre interfaces

.8 Mounting brackets, cables, and miscellaneous components

.9  Supply and install all control and video cabling for the CCTV systems.

.10 Utility Rack enclosures will house rack mounted servers, video streamers, Ethernet
components and power supplies.

4 CCTV System will form a total integrated digital CCTV video surveillance system
incorporating all cameras within the Facility.

2, PRODUCTS
21 Manufacturers and Products
.1 Acceptable Manufacturers:
.1 Samsung — QNV 7080R
.2 Hanging Mount: SBP301HM2; or
.3 Wall Mount: SBP300WM, SBP300B.

4 Or approved equivalent.
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2.2 Performance / Design Criteria

23

24

3.1

A

General Requirements

A

System to be complete with all necessary components to provide a functional operating
system. All components to be production proven models. Custom designed units will
only be considered for those items that are not currently available on the commercial
market.

Supply and install all conduits, pull boxes, junction boxes, and terminal panels that are
required to provide a complete conduit system. Pull wires to be installed in all conduit
runs. Any additional item not covered to be supplied and installed to complete the
Facility requirements.

The system, when complete, will perform to the complete satisfaction of the City, and to
be free of all interference from cross-talk, hum and ground loops. All wiring to be
terminated in terminal panels, on devices and on terminal strips and to be neatly laced
and tagged in all cases. All cabling to be installed without splices.

Configuration, Components and features

A

Outdoor Cameras

A

Outdoor cameras will be tamper resistant with a variable focusing lens and be able to
adjust to a variable ambient lighting levels.

.2 Outdoor camera coverage shall be able to view all of the ground level of the property.

.2 Indoor Cameras
.1 Indoor cameras will be tamper resistant with a variable focusing lens and be able to
adjust to a variable ambient lighting levels.
.2 Indoor camera coverage shall include all areas not protected by security card access as
well as all important process areas.
Spare Parts
.1 Include in the list of Spare Parts all parts not available within a 24 hour period.
EXECUTION
Installation

A

Installation

A

Install all security CCTV camera system as set out in the Final Design. Coordinate
phasing of the system with all other trades.

.2 All system cable to be supplied and installed in conduit raceways.
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.3 Video connectors to be crimp type installed with proper crimping tool. Twist on

8

connectors are not permitted.

Confirm all camera-mounting locations with the City.

All cables to be labelled at both ends with termination location.

All cables to be pulled in one continuous run. Splicing of cables are not permitted.

Provide any required additional backing or structural support necessary for camera and
hardware mounting.

Dress cables neatly into equipment enclosures and rack assemblies

.2 Coordination

A

Coordinate installation of CCTV System with Section 16735 - Card Access System and
other Divisions.

END OF SECTION
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