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1. GENERAL 

1.1 Requirements of Work 

.1 Supply, install, Verify Performance, provide commissioning assistance, and provide 
warranty for a complete and fully documented I&C system as shown on the Drawings and 
specified herein.  The I&C system will form a subsystem of the overall WTP control system 
and contains City supplied equipment and Vendor Packages as specified in this and other 
Sections of the Specification. 

.2 Component subsystems of the I&C system will include, but are not limited to, the following: 

.1 Primary elements and transmitters 

.2 Final control elements 

.3 I&C field devices 

.4 I&C junction boxes, local control panels, and marshalling panels 

.5 Instrumentation cabling 

.6 Instrumentation power supplies 

.7 Conduit and cable tray 

.8 PLC based control system 

.9 Analyzer and transmitter manufacturer’s configuration and programming software 

.3 The Contractor’s responsibility also includes receiving, un-crating, examining for shortages 
or damage, assembling, field fitting, installing, mounting, wiring, and testing of City 
supplied equipment and Vendor Packages. 

.4 Where packaged, stand-alone control systems are supplied under other Divisions of this 
Specification, provide cabling to connect to the required remote monitoring and/or 
controllers.  Provide end-to-end Performance Verification of all required remote monitoring 
and/or controllers.  Ensure the correct functionality of any equipment supplied under 
Divisions 15 and 16. 

.5 Documentation provided by the Contractor shall include as a minimum: 

.1 Equipment descriptive data. 

.2 Equipment installation instructions, service manuals, O&M manuals, bills of materials, 
and recommended spare parts lists. 
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.3 Schematics and interconnection wiring diagrams sealed by a Professional Engineer 
registered in the Province of Manitoba. 

.4 Records of conductor identification, field terminals, cable lists, changes, etc. 

.5 I&C panel Shop Drawings, face layouts, schematics, and point-to-point wiring 
diagrams sealed by a Professional Engineer registered in the Province of Manitoba. 

.6 Records of as-built information for the complete instrumentation system. 

.7 For the PLC based control system, the Contractor shall provide detailed documentation 
of the system hardware. 

.6 Documentation provided by the Contractor shall be formatted as follows: 

.1 P&IDs – Depict the general intent of the control systems and are to be used as the 
governing document for the scope of Work. 

.2 Instrument Index – A sorted index of the detailed information for the devices shown on 
the P&IDs.  The index lists the appropriate support documentation for the devices’ 
supply and installation.  The instrument index is the controlling document for the 
supply of materials. 

.3 I/O Index – A sorted index of the control system I/O points shown on the P&IDs, 
giving the supporting documentation as per the instrument index. 

.4 Instrument Specification Sheets – Detail the relevant data for the supply of devices. 

.5 Instrument Loop Diagrams – Show interconnections and hook-up of devices.  The 
Contractor is to produce an instrument loop diagram for each device and record all 
relevant information on each sheet for submission at the completion of the Work.  Fill 
in all terminal and wiring numbers etc. from the Shop Drawings as they become 
available.  A set of 'B' size (11" x 17") AutoCAD drawings and associated files will be 
made available to the Contractor.   

.6 Location Drawings – Indicate in plan and/or elevation views where the instrument 
elements are physically located.  These Drawings are provided to assist the Contractor 
in estimating the amount of cable and ducting required. 

.7 Standard Details – Provide a reference for installation, operation, and other instructions 
pertinent to a particular device. 

.8 Detailed Specification – Lists qualifications, quality of materials and workmanship, and 
supplementary information. 
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.7 References 

.1 This Specification contains references to the following documents.  They are a part of 
this Section as specified and modified.  In case of conflict between the requirements of 
this Section and those of the listed documents, the requirements of this Section prevail. 

 Reference Title

 API 550 Manual on Installation of Refinery Instruments and 
   Control Systems, Part I – Process Instrumentation and 
   Control Section one (1) through thirteen (13) 

 ASME BPVC-VIII-1-2004 Rules for Construction of Pressure Vessels 

 ASTM B68-02 Seamless Copper Tube 

 ASTM D883-00 Terms Relating to Plastics 

 IEEE 100-00 Dictionary of Electrical and Electronic Terms 

 ANSI/ISA-7.0.01 1996 Quality Standard For Instrument Air 

 ISA 5.4-1999 Instrument Loop Diagrams 

 ISA S18.1-79(1992) Annunciator Sequences and Specifications 

 ISA S51.1-79(1993) Process Instrumentation Terminology 

 NEMA 250-2003 Enclosures for Electrical Equipment (1000V Max) 

 NEMA ICS 1-00(R2005) General Standards for Industrial Controls and Systems 

 NEMA ICS 2-2000 Industrial Control and Systems, Controllers, Contactors  

 NFPA 70-2005 National Electrical Code 

 SAMA PMC 17-10-63 Bushings and Wells for Temperature Sensing Elements 

 UBC-88 Uniform Building Code 

 UL 1012-89 Power Supplies 

 UL 94-06 Tests for Flammability of Plastic Materials for Parts in  
Devices and Appliances 

 Weik, Martin H. Communications Standard Dictionary, Van Nostrand  
Reinhold Co., 1983 
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.8 Related Work 

.1 Mechanical:  Division 15 

.2 Electrical:  Division 16 

.9 Codes, Rules, Permits and Fees 

.1 Give all required notices, submit Drawings, obtain all permits, licenses, and certificates, 
and pay all fees required for this Work. 

.2 Furnish a certificate of final inspection and approvals from inspection authorities to the 
Contract Administrator. 

.10 Qualifications 

.1 The instrumentation Subcontractor shall be a firm normally engaged and fully 
competent in the type of Work described in this Section of the Specification.  The firm 
shall have been continuously and successfully engaged in this business for at least five 
(5) years. 

.2 Qualified journeyman instrument mechanics that are familiar with the devices being 
installed shall perform all instrument hook-ups, calibrations, and checkouts. 

.3 Qualified journeyman electricians shall perform all control wiring installation and 
connections. 

.11 Standards of Workmanship 

.1 Arrange and install products to fit properly into designated building spaces. 

.2 Install products in accordance with the recommendations and ratings of the product 
Manufacturers. 

.3 Supply and execute installation of all instrumentation control tubing in accordance with 
Section 17140 – Instrument Air Supply and Transmission. 

1.2 Equipment 

.1 Receiving, storing, and protection of components during construction: 

.1 Examine each component upon delivery to Site.  Report all damage noted to the 
Contract Administrator prior to accepting or rejecting delivery.  All instrumentation 
primary elements, control components, panels, etc. shall be placed in a secure, dry, 
heated storage building.  Maintain the space temperature above 10°C and the space 
relative humidity below 50%. 

.2 Perform a preliminary examination upon delivery to ensure that: 
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.1 All I&C components supplied for this project under this Section of the 
Specifications comply with the requirements stated in the instrument specification 
sheets. 

.2 All I&C components supplied under other Sections of these Specifications, to be 
connected to I&C components supplied under this Section of the specifications, 
comply with the requirements stated in the Contract Documents. 

.3 Itemize all non-conformities noted above and forward them to the Contract 
Administrator.  Any delays in construction resulting from the delivery to Site of 
non-conforming I&C components shall be borne by the Contractor. 

.4 Do not install primary elements or other sensitive equipment until construction is 
sufficiently completed to provide an "operating condition" environment.  Notify 
the Contract Administrator prior to installing any equipment of this type. 

.5 Ensure that covers where required are properly installed on all equipment.  Provide 
all covers, padding, guards, etc. as required to guard any equipment against 
damage. 

.2 Take all necessary precautions to ensure that equipment is supplied free of damage.  If 
deemed necessary by the Contract Administrator, damaged equipment shall be replaced with 
new product at no additional cost to the City.  The Contractor shall bear any costs due to 
construction delays resulting from the delay in delivery of acceptable equipment. 

1.3 Documentation 

.1 Submittals 

.1 Submit Shop Drawings for all products supplied by this Division.  Submit Shop 
Drawings for review prior to purchase of any products or equipment and sufficiently in 
advance to allow ample time for checking. 

.2 Contractor to review, modify, and approve the Shop Drawings prior to submitting Shop 
Drawings to the Contract Administrator for review.  Contractor approval of a Drawing 
indicates the following: 

.1 The Drawing has been checked by the person making the approval. 

.2 The equipment or material complies in all respects with the requirements of the 
Specifications and Drawings. 

.3 The quantities indicated are correct. 

.4 The physical dimensions of the components are such that they can be installed 
without interference with the building structure or other equipment, and after 
installation, there are sufficient clearances on all sides for maintenance, servicing 
and operation of the equipment. 
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.5 The points of attachment are clearly indicated, i.e. TOP, BOTTOM, SIDE, etc. 

.6 The arrangement and location are properly oriented. 

.7 The product is suitable for its intended use. 

.8 The submission consists of sufficient information to adequately convey the scope 
of supply and the specific product to be supplied is highlighted. 

.9 The submission contains sufficient information to install the equipment or systems. 

.3 Stamp and sign the Shop Drawing to show approval, indicating the above has been 
complied with.  If Contractor revisions are too extensive, return the submission to the 
Manufacturer for revision, then repeat the Shop Drawing approval process before 
submitting to the Contract Administrator. 

.4 Manufacture of products shall conform to Shop Drawings marked as reviewed by the 
Contract Administrator and returned to the Contractor. 

.5 Keep one (1) complete, maintained set of Shop Drawings at the Job Site during the 
construction period.  Record modifications and changes as they arise during the 
construction period and incorporate these changes in the Record Drawings. 

.6 Refer to Division 1 for further information on Shop Drawing submittals. 

.2 O&M Manuals 

.1 Refer to Division 1 for general O&M manual submittal information. 

.2 In addition to the requirements specified in Division 1, provide the following 
information: 

.1 Table of Contents – Arrange contents sequentially by systems under section 
numbers.  Label tabs of dividers between each to match section numbers in the 
Table of Contents. 

.2 Systems Descriptions – A brief synopsis of each system typed and inserted at the 
beginning of each section.  Include sketches and diagrams where appropriate. 

.3 O&M instructions of all equipment and controls – These operating instructions 
need not be Manufacturer’s data but may be typewritten instructions in simple 
language to guide the City in the proper O&M of this installation. 

.4 A copy of all wiring diagrams complete with wiring coding. 

.5 Include type and accuracy of instruments used. 

.6 Set of final reviewed Shop Drawings. 
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.7 Provide a tabulated list of all consumables utilized (fuses, lamps, etc.) indicating 
where used, type, rating and reorder details. 

.3 Record Drawings 

.1 Maintain On-Site a complete set of Record Drawings. 

.2 In addition to the requirements stated in Part E13, record the following information on 
the Drawings: 

.1 all changes alterations or additions 

.2 all instrumentation cable and control tubing 

.3 all changes to the numbers and location of outlets, motors, panels and end devices 
that may occur during the course of the Work. 

.3 Before requesting the Certificate of Total Performance, make any necessary final 
corrections to the Record Drawings, sign each print as a certification of accuracy and 
deliver all sets to the Contract Administrator for approval. 

2. PRODUCTS 

2.1 General 

.1 Refer to the requirements of Division 1. 

.2 Selected Products: 

.1 The design have been based on the use of the first named product where multiple 
products have been listed. 

.2 The instrument Manufacturer’s listed within this Division have been compiled into the 
list of approved instrument Manufacturer’s that is included in the Appendices.  Please 
refer to Division 11 for process specific analyzers not included in this list. 

.3 Quality of Products 

.1 All products provided should be CSA approved, ULC approved where applicable, and 
new unless otherwise specified. 

.2 If products specified are not CSA approved, obtain special approval of the relevant 
provincial regulatory authority.  Pay all applicable charges levied and make all 
modifications required for approval. 

.3 Products provided, if not specified, shall be new, of a quality best suited to the purpose 
required and there use subject to approval by the Contract Administrator . 
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.4 Uniformity of Manufacture 

.1 Unless otherwise specifically called for in the Specification, uniformity of manufacture 
to be maintained for similar products throughout the Work. 

.5 Product Finishes 

.1 Contractor to specify proposed finishes to be used for Contract Administrator’s review. 

.6 Use of Products During Construction 

.1 Any equipment used for temporary or construction purposes is to be approved by the 
Contract Administrator.  Clean and restore to "as new" condition all equipment prior to 
the time of Substantial Performance. 

2.2 Instrumentation 

.1 General 

.1 Instruments are to be suitable for the environmental conditions in which they are to be 
installed. 

.2 Determine where injurious conditions may be expected to occur and make proper 
provision to protect the instruments to ensure their proper and reliable operation. 

.3 Provide power surge protection, heating cables, and devices to protect instruments, 
equipment, and lines from being functionally impaired or damaged by power surges or 
environmental conditions such as moisture or freezing. 

2.3 Identification 

.1 Refer to Division 16 for general identification requirements.  Provide lamacoid nameplates 
with 6 mm black lettering on white background.  Identify the loop tag number (where 
applicable) and the device name, function, and instrument range or setpoint value on the 
nameplate. 

.2 Where it is not possible to attach a lamacoid nameplate to a field instrument component, 
provide the component with a stainless steel metal tag firmly wired to the device and 
identified with the loop tag number. 

.3 Identify all wires where they terminate at the marshalling panels, junction boxes, control 
panels, and field devices with a heat shrink sleeve with machine printed labeling. 

.4 Clearly mark all panels, pull boxes, junction boxes, etc. to indicate the nature of service. 

.5 Provide neatly typed circuit directories for panel power distribution systems to indicate loops 
or devices powered by the circuit and the fuse size. 
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.6 Identify all exposed control conduits at all pull box locations, where the conduits enter or 
leave a room, and 13 m on centre throughout the room.  This shall apply to conduits above 
removable ceilings.  Use Thomas & Betts TY-RAP 5532-M labels for conduit identification. 

.7 For direct current wiring use black for positive and white for negative. 

.8 For thermistor wiring to motors use red and blue coloured insulated wire. 

3. EXECUTION 

3.1 Coordination With Other Divisions 

.1 Examine the Drawings and Specifications of all Divisions and become fully familiar with the 
Work.  Before commencing Work, obtain a ruling from the Contract Administrator on any 
conflicting issues between Divisions.  No compensation will be made for any costs arising 
from conflict not identified before Work has commenced. 

.2 Coordinate the Work to be performed under this Section of the Specification with all 
Divisions installing equipment to ensure that there are no conflicts. 

.3 Install anchors, bolts, pipe sleeves, hanger inserts, etc. required in ample time to prevent 
delays to installation Work. 

.4 Lay out the Work and equipment with due regard to architectural, structural, and mechanical 
features.  Architectural and structural Drawings take precedence over electrical Drawings 
regarding locations of walls, doors, and equipment. 

.5 Structural members shall not be cut without prior approval of the Contract Administrator. 

.6 Examine previously constructed work and notify the Contract Administrator of any 
conditions which prejudice the proper completion of this Work. 

3.2 Product Handling 

.1 Use all means necessary to protect the products included in this Division before, during and 
after installation, and to protect products and installed Work of all other trades. 

.2 Any damage to the products and/or installed Work shall be repaired or replaced to the 
approval of the Contract Administrator by the Contractor. 

.3 Remove advertising labels from all products installed that have such labels attached.  
Identification or CSA labels are not to be removed. 

.4 Remove dirt, rubbish, grease, etc. resulting from Work performed under this Division of the 
Contract from all surfaces. 



City of Winnipeg Water Treatment Program Section 17010 
Construction of Standby Generator Building Page 10 of 17 
Bid Opportunity No. 498-2006 August 2006 

INSTRUMENTATION AND CONTROL GENERAL REQUIREMENTS 

  

3.3 Separation of Services 

.1 Maintain separation between the electrical wiring system, piping, ductwork, and the 
instrumentation cables so that each system is isolated (except at approved connections to 
such systems) to prevent galvanic corrosion.  In particular, contact between dissimilar 
metals, such as copper and aluminum, in damp or wet locations is unacceptable. 

.2 Do not support wiring from pipes, ductwork, etc.  Hangers for suspended ceilings may be 
used for the support of wiring only when approval is obtained from the Contract 
Administrator and the ceiling installer, and only if approved clips or hangers are used. 

.3 Classifications of Circuits 

.1 The circuit categorization shall of first priority follow Canadian Electrical Code with 
respect to separation for electrical safety and the following shall apply with respect to 
electro-magnetic compatibility: 

High voltage circuits and their associated grounding 
High current (>200 A) LV circuits. 

Harmonic-rich LV circuits. 
Very Noisy 

DC circuits: un-suppressed or above 50 V. 
Low current class two (2) circuits. 

Noisy 
Medium power pulsed or radio frequency circuits. 

ELV digital status circuits. 
Intrinsically safe circuits. 

Telecommunications circuits. 
Fire alarm and emergency lighting circuits (note that some fire alarm 

circuits may fall into the category of signal circuits). 
Indifferent 

Any other emergency, shutdown, or high integrity circuit  
(e.g. toxic gas alarm). 

Analogue signal circuits. 
Sensitive 

Data communication circuits. 
Very Sensitive Low level voltage and current signals (e.g. from instrument sensors). 

.4 Separation of Circuits 

.1 This Section relates to the running of cables carrying differing types of circuit in close 
proximity to one another and to other services.  Sensitive circuits shall normally be run 
in overall shielded cable.  Very sensitive circuits shall normally be run in individually 
twisted pair shielded cable. 

.2 For cables sharing the same support/containment system, the following shall provide 
guidance to minimize extraneous interference. 
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Segregation 
between 
circuits 

Very Noisy Noisy Indifferent Sensitive Very 
Sensitive 

Very Noisy 
Thermal 

grouping as 
per CE Code. 

150 mm 300 mm 300 mm 300 mm 

Noisy 150 mm 
Thermal 

grouping as 
per CE Code. 

150 mm 150 mm 150 mm 

Indifferent 300 mm 150 mm Separation of 
circuit types. 100 mm 100 mm 

Sensitive 300 mm 150 mm 100 mm Touching 50 mm 
Very 
Sensitive 300 mm 150 mm 100 mm 50 mm Touching 

3.4 Wire and Cable 

.1 Refer to Section 17124 – Instrumentation Cable. 

3.5 Equipment Connections 

.1 Prior to the connection of signal wiring to process control and instrumentation devices, 
check the device voltage rating and polarity for compatibility with the corresponding loop 
and/or schematic diagram.  Where device and circuit characteristics are found to be 
incompatible, the connections are not to be made.  Report the condition immediately to the 
Contract Administrator. 

.2 All control wiring diagrams illustrate typical control circuits applicable to the type of 
equipment specified.  Control circuits may vary with different manufacturer’s equipment.  
Verify all control circuits with the Manufacturers of the equipment and make any corrections 
to the control wiring diagrams that may be required. 

.3 Provide power disconnect terminals in marshalling panels for all devices and PLC I/O 
sourced from the panel.  Provide local power disconnect switches for all 120 VAC power 
instruments.  Mount adjacent the instrument. 

.4 Provide a disconnecting means in the cable connecting each ultrasonic transponder to the 
transmitter.  This disconnect shall consist of a terminal strip in a local water proof junction 
box. 

3.6 Wiring to Equipment Supplied by Others 

.1 Equipment supplied by the City or as part of a vendor package, that has external or field 
mount control devices, are to be installed and wired by this division. The equipments 
performance will also be verified by this Division. 
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3.7 Access Panels 

.1 Provide access panels where I&C system junction boxes are concealed.  Panels to be of 
adequate size for servicing of the concealed junction box and complete with necessary 
frames and hinged doors held closed with captive fasteners. 

.2 In removable ceiling areas provide markers on ceiling tile to locate equipment requiring 
access.  Use a 25 mm diameter blue circle painted on the access panel to indicate that it is for 
instrumentation and control system access. 

3.8 Instrument Mounting Stands 

.1 Supply and install instrumentation mounting stands as required.  Stands are to be either floor 
or wall mounted.  The mounting stands are to be fabricated from aluminum or galvanized 
steel. 

.2 Supply and install protective drip shields for any exterior stand-mounted instrumentation 
equipment.  The drip shield is to extend 50 mm at the top and sides from the front face of the 
equipment.  The drip shield is to be fabricated from aluminum. 

3.9 Sealing of Wall and Floor Openings 

.1 Seal all conduit and cable entries passing through outside walls of buildings, through 
partition walls separating electrical rooms from other areas, through fire separations, and 
through floors above grade. 

.2 Seal openings after all wiring entries have been completed. 

.3 Sealing material shall be fire resistant and not contain any compounds which will chemically 
affect the wiring jacket or insulating material.  Cable penetrations through fire separations, if 
required, are to be sealed.  Acceptable methods are Canstrut "Fire Stop", Electrovert 
"Multi-Cable Transit" or Dow Corning RTV Silicone Foam. 

3.10 Sleeves 

.1 Provide sleeves of galvanized steel pipe with machine cut ends of ample size to 
accommodate conduits passing through walls, partitions, ceilings, floors, etc. 

.2 For wall partitions and ceilings the ends shall be flush with the finish on both sides.  For 
floors, the ends shall extend 100 mm above finished floor level. 

.3 Fill the space between the sleeve and the conduit with fire stop material and caulk around the 
top and bottom with approved permanently resilient, non-flammable and weatherproof 
silicone base compound.  Ensure that the seal is compatible with the floor and ceiling 
finishes. 

.4 Locate the sleeves and position exactly prior to construction of the walls and floors. 

.5 Failure to comply with the above requirements shall be remedied at the Contractor's expense. 
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3.11 Connections to Mechanical, Electrical and Existing Systems 

.1 Refer to Division 16 for the required tie-in procedures. 

3.12 Tagging Standards for Devices and Wiring 

.1 Tag all devices, wires, and I/O using the assigned loop, equipment, or device tag name. 
Where tag naming and numbering is not specified, the Contract Administrator will provide 
naming and numbering that is consistent with the WTP naming conventions. 

3.13 Testing of Instrumentation Loops 

.1 After all devices within a loop have been connected, check the loop for correct functioning 
and interaction with other loops, where applicable.  Provide written notice to the Contract 
Administrator when the loops are going to be tested so that the tests may be witnessed at the 
Contract Administrator's discretion. 

.2 Check the operation of final control elements such as solenoid valves, actuators, etc. by 
manual control before checking with automatic control. 

.3 Check and simulate all alarms and shutdown functions. 

.4 Verify the status of all points connected or accessible to the WTP control and monitoring 
system. 

.5 Where applicable, test all tubing for leaks in compliance with the ISA RP7.1.  Isolate all 
instruments when tubing is being tested to protect against over pressure. 

.6 Perform tests and record results on the test data forms that are included in this Section.  
Develop additional and/or more detailed test forms as necessary to suit more complex 
instrumentation. 

.7 Sign and date all test reports.  Submit the test reports to the Contract Administrator within 
five (5) Business Days of testing. 

3.14 Calibration 

.1 Instruments are to be factory pre-calibrated.  Verify calibration after installation for all 
instruments installed under these Specifications.  Provide a printed record of the factory 
calibration parameters for “smart” devices. 

.2 Prior to calibration, completely program all “smart” transmitters including entries of the 
appropriate range and tag number.  Provide a printed record of smart device serial numbers 
against their assigned tag number. 

.3 Instruments are to be set up and calibrated by an accredited instrument technician working 
under the approval of the instrument Manufacturer. 



City of Winnipeg Water Treatment Program Section 17010 
Construction of Standby Generator Building Page 14 of 17 
Bid Opportunity No. 498-2006 August 2006 

INSTRUMENTATION AND CONTROL GENERAL REQUIREMENTS 

  

.4 Calibrate all instruments to an accuracy of 0.5% of full range, or to the manufacturer’s stated 
accuracy of the instrument whenever an accuracy of 0.5% is not achievable. 

.5 Perform the following applicable calibration verification for each instrument and its 
associated signal conditioning equipment: 

.1 Calibrate all inline flow meters by a draw-down test. 

.2 Calibrate all density meters by lab samples. 

.3 Calibrate all vacuum and pressure instruments by manometer or accurate test 
instrument and hand test pump. 

.4 Calibrate gas detectors using standard gas samples. 

.5 Calibrate temperature instruments against a standard lab thermometer. 

.6 Online analyzers with known samples. 

3.15 Test Forms 

Form No. Title

.1   ITR Instrument Test Report. 

.2   LCR Loop Check Report. 
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INSTRUMENT TEST REPORT   FORM NO. ITR 

SYSTEM: ___________________________  ______________________________ 

SERVICE: ___________________________ TAG NO.: ______________________________ 

LOCATION: ___________________________  ______________________________ 

MAKE:  _____________________________ MODEL: ______________________________ 

SERIAL NO.: _____________________________ CSA: ______________________________ 

ELEMENT:  _____________________________ RANGE:  ______________________________ 

DESIGN SETTING/RANGE:  ________________ CONTACT TO:   ____________ ON:  __________ 

SIGNAL IN:  ___________ OUT: _____________ ASSOCIATED INSTRUMENT:_______________ 

INSTRUMENT CONDITION: ________________ CONFORM TO SPEC:  ______________________ 

PROJECT NO: _____________________________ DATA SHEET:  ____________________________ 

 TEST 1 TEST 2 
  

TEST METHOD 
  

 INPUT OUTPUT INPUT OUTPUT 
PROCESS INC. DEC. INC. DEC. INC. DEC. INC. DEC. 

TEST POINT 1         
TEST POINT 2         
TEST POINT 3         
TEST POINT 4         
TEST POINT 5         

  
  COMMENTS 
  

  
GRAPHS 

  

TESTED BY:  _____________________________ CHECKED BY:  ____________________________________ 

DATE:  _____________________________ DATE:         ____________________________________ 
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LOOP CHECK REPORT FORM NO. LCR □               CHECKED OUT OK 

   □                NOT APPLICABLE 

   □   FURTHER ACTION REQUIRED 
 

 INSTRUMENT TAG NO. 
LOOP NO.     _________ 
SHEET NO.   _________ 
P & I DWG. NO.  ______ 
 

         

INSTALLATION COMPLETE          
Primary Element.          
Impulse Lines.          
Block and Drain Valves.          
Air Supply/Filter/Reg.          
Wiring.          
Tracing/Insulation/Housing.          
Mounting and Location.          
PLC/SCADA I/O & Status.          
CALIBRATED          
Impulse Lines Press. Tested.          
LOOP CHECKED          
Element to Receiver.          
X Mtr. To Receiver.          
X Mtr./Trans. to Receiver.          
X Mtr./Trans. to Switches.          
Switches to Annunciator.          
Interlocking Circuit.          
Controller to Valve.          
Controller Action D or R.          

REMARKS:  READY FOR START-UP 

  Date:               __________________________________ 

  Installed by:    __________________________________ 

  Checked by:    __________________________________ 
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3.16 Installation and Performance Testing 

.1 Refer to the requirements of Division 1 for additional requirements. 

.2 Inspections 

.1 Provide two (2) weeks' written notice to the Contract Administrator prior to energizing 
any system to allow for inspection by the Contract Administrator of the following: 

.1 Proper mounting. 

.2 Proper connections. 

.3 During Performance Verification, demonstrate to the Contract Administrator proper 
calibration and correct operation of instruments and gauges. 

.4 Performance Verification of the I&C system is to include but not be limited to the following: 

.1 Verify installation of components, wiring connections, and piping connections. 

.2 Supervise wiring continuity and pipe leak tests. 

.3 Verify instrument calibration and provide written reports. 

.4 Function check and adjust the I&C equipment under operational conditions. 

.5 Coordinate manufacturer’s service personnel as required for complete system testing. 

.6 Instruct City personnel in correct method of I&C equipment operation. 

.7 Direct City personnel at hand-over as to final adjustment of the system for correct 
operation of WTP. 

.8 Ensure that the Manufacturer’s representatives cooperate to complete the Work of this 
Section. 

.9 Verify signal levels and wiring connections to all I&C equipment. 

.10 Coordinate and cooperate with City staff and the Contract Administrator during the 
Commissioning Period to commission the interface between the WTP SCADA and the 
PLC based control system. 

3.17 Training 

.1 Provide training, in the proper operation and maintenance of all control devices, control 
valves, and ancillary instrumentation described under this Division of the Specifications. 

END OF SECTION 
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SCOPE OF INSTRUMENTATION AND CONTROL WORK 

  

1. GENERAL 

.1 Supply and installation all material, equipment, wiring and labour necessary for the 
installation of the systems detailed on the Drawings in accordance with the Specifications 
and the latest edition of the Canadian Electrical Code. 

2. WORK INCLUDED 

2.1 Related Work 

.1 Supply and installation of instrumentation and control equipment required to operate the 
WTP including the plant control system PLC equipment and all vendor packages and City 
supplied equipment as indicated on the P&IDs and in these specifications. 

2.2 General Requirements 

.1 Shop Drawings 

.2 Record Drawings 

.3 O&M Data 

2.3 Specific Requirements  

.1 Supply, install, test, and verify the performance of all instrumentation, components, 
materials and ancillary equipment covered under Division 17 of this Contract. 

.2 Clearwell Inlet Building 

.1 Provide all analytical, process instrumentation, sample pumps etc including local 
control panels. as shown on P&ID number WT-P001. 

.2 Provide all electrical, control and process connections to analytical and process 
instrumentation including sample lines and stilling tubes to clearwell. 

.3 Provide part of the WTP wide fibre optic communication network for the PLC based 
plant control systems as shown on drawings WH-A0103 and WH-A0100.  

.4 Provide interface wiring and connections between the HVAC BAS controller and LCP-
T11. 

.3 Clearwell Outlet Valve Chambers  

.1 Provide all electrical and control wiring to the new electrical valve actuators shown on 
P&ID WO-P0002. Cables to be installed to Deacon Booster Pumping Station and 
terminated into a junction box provided by the contractor. 
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SCOPE OF INSTRUMENTATION AND CONTROL WORK 

  

.4 Generator Building 

.1 Provide all instrumentation and control wiring for all the fuel transfer systems as shown 
on P&ID WG-P0002. 

.2 Provide part of the WTP wide fibre optic communication network for the PLC based 
plant control systems as shown on drawings WH-A0104 and WH-A0100.  

.3 Provide conductivity type level switch and wiring in the building sump as shown on 
P&ID WG-P0001. 

.4 Provide interface wiring to transformers and generators as shown on P&ID WG-P0001 

.5 Provide interface wiring and connections between the HVAC BAS controllers and CP-
H12 as shown on drawings WG-H0501, WG-H0502, WG-H0503 and WG-H0504 

.6 Provide 2 emergency stop push buttons and the associated wiring to shutdown the fuel 
transfer system when operated. 

.7 Provide interlock wiring between fire alarm system and fuel transfer system 

.5 Cell 1 Raw Water Valve Chamber 

.1 Provide a conductivity type level switch installed in the valve chamber to monitor the 
air gap between two butterfly valves. The switch will be mounted with the probes into a 
plastic container (provided by the contractor) measuring any water which enters the 
container from the air gap. The switch will operate if 25mm of water enters the 
container. 

.2 The contractor will provide all pipework and valves required to connect the container to 
the existing valve drain connection. 

.6 Provide all control system communications equipment as show on the Drawings listed in 
above and as described in Specification Section 17275 – Miscellaneous Panel Devices. 

.7 Terminate all spare fibre optic cores to patch panels at each drop point and label accordingly. 

.8 Provide local control panels to house all PLC components and ancillary equipment, and to 
act as a marshalling panel for signals from instrumentation and equipment covered under 
Division 17.  

.9 Supply redundant 24 VDC Power supplies installed within the local control panels whenever 
24 VDC power is required.   

.10 Provide power-conditioning equipment within each local control panel. 

.11 Connect the healthy/fault status dry relay contacts from all power conditioning and UPS 
equipment to local PLC inputs. 
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SCOPE OF INSTRUMENTATION AND CONTROL WORK 

  

.12 Provide Ethernet connections from the following equipment to the WTP control system:  
VFDs, transformer power meters, neutral grounding resistors, switchgear protection relays, 
and large motor protection relays. 

.13 Hardwire I/O signals from the WTP control system PLCs to process instrumentation, 
HVAC/BMS system, Power Conditioning and UPS equipment and fire alarm panels. 

.14 All WTP control system PLC programming and WTP monitoring system HMI software 
development shall be performed by others.    

.15 Coordinate with the Supply Contractors of City Supplied Equipment under other contracts 
but installed under this Contract to install, test and verify performance of the systems shown 
on the P&ID’S. 

2.4 Additional Requirements 

.1 Provide all necessary testing, detailed wiring continuity checks, installation integrity checks, 
equipment functional operation checks, and written system verification reports to provide a 
complete system that is ready for commissioning.   

.2 Provide Performance Verification and Commissioning of all systems included in the Scope 
of Work.  

2.5 Materials 

.1 Cables and bus support systems, which are intended to enclose or support all forms of 
electrical conductors used for any purpose covered by this scope.  This includes cable trays, 
raceways and all forms of rigid, flexible, metallic and non-metallic conduit, and including 
conduit for communication systems. 

.2 Control panels associated with any electrical equipment covered under this Section of Work. 

.3 Circuit breakers of all types and for all applications associated with electrical equipment, 
which receives its power supply from the main, auxiliary or emergency (including UPS) 
system. 

.4 Grounding systems, as required by the Canadian Electrical Code, or as otherwise specified. 

.5 Fibre optic patch panels and industrial Ethernet switches as shown on the Drawings and 
specified herein. 

.6 Electronic data processing and transmission systems, including auxiliary equipment, 
interfaces and components. 

END OF SECTION 
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ENCLOSURES 

1. GENERAL 

1.1 References - General 

.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – 
Instrumentation and Control General Requirements. 

2. PRODUCTS 

2.1 General 

.1 Unless otherwise specified, provide outside finishes on all enclosures in ANSI 61 Grey as 
specified in Division 9. 

.2 The enclosures must be suitable for carrying the weight of the equipment mounted inside the 
panel and on the doors without any warpage. 

2.2 Enclosures 

.1 Provide EEEMAC type 12 gasketed enclosures in MCC rooms and control rooms. 

.2 All enclosures for mounting outside of MCC rooms and control rooms to be EEMAC Type 
4, watertight except where otherwise specified. 

.3 Provide EEMAC 7/3R enclosures for equipment in and around classified areas such as 
sumps. 

.4 Enclosures for certain equipment in corrosive atmospheres to be EEMAC 4X approved for 
the classification (e.g. chemical cleaning). 

.5 Enclosures for mounting field control indicator lamps and switches in unclassified areas to 
be Allen Bradley model 800T-xTZ die cast enclosures. 

.6 Enclosures for mounting field control indicator lamps and switches in Class 1 areas to be 
Allen Bradley model 800H-xHHX7 cast aluminum enclosures. 

2.3 Panel Enclosures 

.1 Fabricate panel enclosures from 11 gauge steel panels complete with necessary stiffening to 
form a rigid free-standing lineup.  The structures must be suitable for carrying the weight of 
the equipment mounted inside the panel and on the doors.  Provide removable top and 
bottom cable entry plates. 

.2 Provide panels with front access only.  Doors shall be key lockable and fitted with 3-point 
heavy duty latching assemblies.  Provide a continuous piano hinge and a pneumatic hold 
open device on each door. 
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ENCLOSURES 

.3 Finish the interior of the enclosure with white paint.  Provide a switched fluorescent light 
fixture and 120 VAC duplex convenience receptacle inside the enclosure. 

2.4 Marshaling and Control Panels 

.1 Supply, fabricate, checkout, layout, document and deliver to Site fully equipped and 
functional panels. 

.2 Supply all components contained on or within the panels fully wired under this Section of 
the Specification. 

.3 The selection of all accessories, materials, and methods for fabrication not covered by this 
Specification, but which are necessary to complete the fabrication of the control panels, is 
the responsibility of the Contractor. 

.4 Fans and filters shall be installed to pressurize all control panels thus discouraging dust 
accumulation and providing air purging for temperature and corrosion control. 

.5 Control panel layouts and wiring diagrams are to be provided by the Contractor as Shop 
Drawings. 

2.5 Network Cabling Termination Cabinets 

.1 Double hinged wall mounted cabinet for 19 inch rack mounted equipment. 

.2 NEMA 12 cabinet with glass door and locking wing knobs. 

.3 Cabinet to house fibre patch panel, Cat 5E patch panel and Ethernet switches. 

.4 Provide 120 VAC duplex receptacle and power bar with minimum six outlets. 

.5 Provide horizontal wire management under each patch panel and Ethernet switch. 

.6 Provide vertical wire management on one side. 

.7 Provide blank panels for all empty rack units. 

.8 Provide shelf 3U for mounting equipment. 

.9 Cabinet sized for 26 rack units. 

.10 Hoffman ProTek DH Type 12, or approved equal. 

2.6 Wiring and Accessories 

.1 Provide wiring inside the panels according to the following Specifications: 

.1 Control wiring to be a minimum of #16 AWG tinned stranded copper; insulation rated 
at 600 V. 
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ENCLOSURES 

.2 Wiring for power distribution shall be a minimum of #14 AWG tinned stranded copper; 
insulation rated at 600 V. 

.3 Install cables in accordance with the requirements of Division 16. 

.2 Tag each wire at both ends with a heat shrink sleeve that is machine printed.  Allow 
approximately 20 mm of wire insulation between the tag and the bare wire. 

.3 Wiring systems with different voltage levels or types shall be suitably segregated within the 
panel, according to relevant electrical codes. 

.4 Run all wiring in enclosed plastic wire ways such as Panduit.  Size all wire ways so that the 
total cross sectional area of the insulated wire and cable does not exceed 40% of the cross 
sectional area of the wire way. 

.5 Provide a minimum clearance of 50 mm between wire ways and any point of wire 
termination. 

.6 Terminate all wiring, incoming and outgoing, at terminal strips mounted inside the panels. 
Identify each terminal strip with a terminal strip number, defined as follows: 

.1 Wire identification to use the connected field device tag name with the wire's 
corresponding end device terminal number appended to it. 

.2 Identify every joint and/or terminal of the above wire run with the same identifier. 

.3 For example, pressure transmitter PT-O100A located in the field has a 1 PR-TPSH 
cable connected to it.  The cable runs through a junction box to a marshalling panel. 
The wire identifiers for the pair of wires would be PT-O100A all the way to the 
marshalling panel. 

.4 Identify spare wires by using the cable tag, terminal number and an “-SP” suffix.  

.5 Arrange wiring on terminal blocks such that all internal panel wiring terminates on the 
inboard side of the terminal blocks and all external wiring terminates on the outboard 
side. 

.7 Provide two (2) sources of 120 VAC power to each control panel:  UPS power for critical 
loads and non-UPS power for non-critical loads.  Provide separate critical and non-critical 
120 VAC power distribution systems and a 24 VDC power distribution system in each panel.  
Provide a thermal magnetic circuit breaker on each main power circuit and a fused terminal 
block for each branched circuit off the main.  

.8 Provide disconnect type terminal blocks Weidmuller WTR 4 series to isolate field wiring 
that is powered sourced from the panel.  Provide a dedicated fused disconnect type terminal 
block to isolate each individual PLC input and output. 

.9 Provide sufficient terminals so that not more than two (2) wires are connected under the 
same terminal.  Provide 20% spare terminal capacity at each terminal block assembly. 



City of Winnipeg Water Treatment Program Section 17110  
Construction of Standby Generator Building Page 4 of 4 
Bid Opportunity No. 498-2006 August 2006 

ENCLOSURES 

.10 Terminals shall be Weidmuller W Series color coded as follows: 

.1 Red  = positive 24 VDC 

.2 Black  =  analog signal plus 

.3 White  =  analog signal common and VAC neutral 

.4 Grey  =  120 VAC 

.5 Green  =  ground 

.6 Yellow  =  shield 

.11 Provide nameplates for each device on or within the panels and enclosures.  Nameplates 
shall be white lamacoid with black lettering, a minimum of 25 x 75 mm in size with up to 
three lines of 5 mm lettering.  Securely fasten nameplates in and situate them in a visible 
location. 

2.7 Panel Grounding 

.1 Provide a ground system for the instrumentation circuits, isolated from the main power 
system ground to each marshalling panel. 

.2 Provide grounding lugs for each panel, suitable for termination of up to #2 AWG copper 
grounding conductor. 

.3 Provide in each marshalling panel an isolated grounding bus bar 6 x 25 x 600 mm, equipped 
with necessary lugs for accepting two #2 AWG grounding conductors. 

.4 Firmly bond all panel mounted devices on or within the panels to ground.  Provide 
supplementary bonding conductors for back panels and doors.  Attach a separate bonding 
conductor to all devices that are not firmly fastened to the panels with screws for such 
devices as case mounted instruments, meters, etc. 

3. EXECUTION 

3.1 References - General 

.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 

END OF SECTION 



City of Winnipeg Water Treatment Program  Section 17124 
Construction of Standby Generator Building  Page 1 of 6 
Bid Opportunity No. 498-2006  August 2006 

INSTRUMENTATION CABLE 

1. GENERAL 

1.1 Product Data 

.1 Submit product data in accordance with Division 1 and Division 16. 

1.2 Related Work 

.1 Refer to Division 16. 

1.3 Inspection 

.1 Provide adequate notice to the Contract Administrator so that all cable installations can be 
inspected prior to energizing equipment. 

1.4 Standards 

.1 All wire and cable shall be CSA approved. 

2. PRODUCTS 

2.1 TPSH 

.1 TPSH shall be constructed as follows: 

.1 Two (2) copper conductors, stranded, minimum #18 AWG, PVC insulated, twisted in 
nominal intervals of 50 mm. 

.2 Insulated for 600 V, 90°C. 

.3 100% coverage aluminum foil or tape shield. 

.4 Separate bare stranded copper drain wire, minimum #18 AWG. 

.5 Overall flame retardant PVC jacket to CSA-C22.2. 

.6 The entire cable assembly to be suitable for pulling in conduit or laying in cable tray. 

.7 Shaw Type 1751-CSA or Belden equivalent. 

.2 Where multi-conductor TPSH cables are called for, each pair shall be individually shielded, 
continuous number coded, and the cable assembly shall have an overall shield and overall 
flame retardant PVC jacket. 
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2.2 RTDs and Multi Conductor Shielded Cable 

.1 RTD cables shall be CSA approved and shall be constructed as follows: 

.1 Three (3) or more copper conductors, stranded, minimum #18 AWG 

.2 PVC insulated for 600 V 

.3 100% coverage aluminum foil or tape shield 

.4 Separate bare stranded copper drain wire 

.5 Overall flame retardant PVC jacket to CAS-C22.2 

2.3 Teck Cables 

.1 As per Division 16 

2.4 Wire 

.1 As per Division 16 

2.5 100 Base TX Category 5E Communication Cable 

.1 Category 5E cable shall be CSA approved and constructed as follows: 

.1 4 bonded pairs, solid stranded, #24 AWG 

.2 Interlocked aluminum armour 

.3 Rip cord 

.4 PVC inner and outer jackets 

.5 UL verified to Category 5E 

.6 Insulated for 300 V 

.7 Belden 121700A or approved equal 

2.6 Fibre Optic Cables 

.1 Provide break out style fibre optic cable assemblies where indicated in the Specification and 
Drawings. 

.2 Fibre optic cables shall be indoor/outdoor direct burial rated loose tube, rodent protected and 
constructed with specified quantity of 50/125/250 µm multi-mode glass fibres, spiral 
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INSTRUMENTATION CABLE 

interlocked armour, and outer polyethylene jacket.  Maximum attenuation shall be 
3.5/1.0 dB/km.  Minimum modal bandwidth shall be 220 MHz*km 

.3 Provide terminations for fibre optic cables including; buffer tube fan out kits, connectors, 
termination/distribution panels, and wall mount enclosures, as specified in Division 17 

.4 Provide 50/125/250 µm multi-mode duplex fibre patch cords for inter-cabinet connections. 

.5 Number of fibres are indicated on Drawings, in general fibre optic loop shall be 24 fibre, 
fibre optic cables to power meters and protection relays shall be 2 fibre. 

2.7 Modbus Plus Cables 

.1 Modbus Plus cable, aluminum armour suitable for direct burial, Belden YC39000. 

.2 Provide modbus plus terminators, drop cables, connectors as required. 

3. EXECUTION 

3.1 Analog Signals 

.1 Use TPSH cable for all low level analog signals such as 4 to 20 mA, pulse type circuits 
24 VDC and under, and other signals of a similar nature. 

.2 Use RTD cable for connections between RTDs and transmitters or PLC RTD inputs. 

3.2 Digital Signals 

.1 Use TPSH cable for all low level (24 V and below) input and output signals. 

3.3 Instrument Power 

.1 Use Teck cable or wire and conduit for power to instruments, for 120 V signals other than 
those mentioned above and as otherwise indicated on the Drawings.  Use stranded wire and 
cable to supply power to instruments. 

3.4 Installation 

.1 Install instrumentation cables in conduit systems or in cable trays.  Use a minimum of 
300 mm and a maximum of 1000 mm length of liquid tight flexible conduit to connect the 
field sensors to the conduit. 

.2 Where non-armoured instrumentation cables are installed in cable trays, provide barriers in 
the tray to separate instrumentation cables from power cables. 

.3 At each end of the run leave sufficient cable length for termination. 
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.4 Do not make splices in any of the instrumentation cable runs.  

.5 Cable shields shall be terminated on insulated terminals and carried through to the extent of 
the cable. 

.6 Ground cable shields at one end only.  Unless otherwise specified, ground the shields at the 
marshalling panel. 

.7 Protect all conductors against moisture during and after installation. 

3.5 Fibre Installation: 

.1 Always follow the Manufacturer's guidelines for minimum bend radius and tension.  
Minimum bend radius shall be a minimum of 20 times the cable diameter. 

.2 When installing loose-tube cables, use a silicone injection or sealer to prevent gel migration. 

.3 All fibre installations and terminations shall be performed by personnel experienced in fibre 
optic cable installation. 

.4 Fibre Terminations: 

.1 Ensure that the fibres are not damaged when the buffer tubes and fibre coatings are 
removed.   

.2 After the coating is removed, clean the fibre with isopropyl alcohol to assure the fibre is 
clean. 

.3 Use only high performance connectors as classified and required by TIA-568-A. 

.5 Perform cable testing with optical time domain reflectometer instrument and provide 
complete detailed test report.  Test all runs upon completion of permanent terminations, 
using instrumentation acceptable to Contract Administrator.  Before commencing testing, 
submit sample test data sheets and information with respect to test instrumentation to be 
used. 

.1 Ensure that test instrument is temperature-stabilized or is temperature-independent or 
temperature-compensated before commencing test. 

.2 Test for following: 

.1 Run attenuation at [850] and [1300] wavelengths. 

.2 Run length. 

.3 Before recording results, compare readings to predicted values based on cable 
specification and run length, using connector an patch cord losses as part of predicted 
value.  Retest runs with: 
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.1 Attenuation values grater than 6.0 dB/km @ 850 nm and 4.0 dB/km @ 1300 nm 

.6 All fibres must pass the cable testing. 

3.6 Cat 5E Installation: 

.1 Always follow the Manufacturer's guidelines for minimum bend radius and tension.   

.2 All installations and terminations shall be performed by personnel experienced in Cat 5E 
cable installation. 

.3 Perform cable testing with time domain reflectometer instrument and provide complete 
detailed test report.  Test all runs upon completion of permanent terminations, using 
instrumentation acceptable to Contract Administrator.  Before commencing testing, submit 
sample test data sheets and information with respect to test instrumentation to be used. 

.1 Test for the following: 

.1 Continuity. 

.2 Pair placement and polarity. 

.3 DC resistance. 

.4 Characteristics at highest contemplated frequency: 

.1 Attenuation - data cable. 

.2 Mutual Capacitance - data cable. 

.3 Near-end crosstalk (NEXT) - data cable. 

.5 Run length. 

.2 Tests to be conducted to Cat 5E standards 

.3 Reconnect or re-install and retest as necessary to correct excessive variations. 

3.7 Conductor Terminations 

.1 All equipment supplied shall be equipped with terminal blocks to accept conductor 
connections. 

.2 Instrumentation conductors, where terminated at equipment terminals other than clamping 
type terminal blocks, shall be equipped with Burndy-YAE-2 or STA-KON, self-insulated, 
locking type terminators, sized as required to fit conductors and screw terminals. 
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INSTRUMENTATION CABLE 

3.8 Testing 

.1 Test all conductors for opens, shorts, or grounds.  Resistance values shall not be less than 
those recommended by the cable Manufacturer. 

3.9 Identification 

.1 Identify all instrumentation cables. 

.2 Identify each conductor with wire numbers using a machine printed Raychem TMS heat 
shrink wire marker or approved equal. 

END OF SECTION 
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POWER SUPPLIES 

1. GENERAL 

1.1 References  - General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

2. PRODUCTS 

2.1 Power Supply and Conditioning Equipment 

.1 General 

.1 Provide all DC power supplies as required for all instrument circuits.  All circuits are to 
be powered from the marshalling panels.  Power supplies to be Hammond, G.F.C. or 
approved equal, complete with an over-voltage protection module.  

.2 Provide redundant configurations for power supply equipment serving more than one 
instrument loop, so that failure of a single unit will not disable all or any shared part of 
the instrumentation and communication system.  Provide diode isolation for redundant 
direct current supply units, and ground the negative terminal of the power supply. In 
accordance with Section 17110 – Enclosures, a dedicated thermal magnetic circuit 
breaker shall feed each power supply. 

.3 Power supplies and transmitters feeding circuits that run in non-armored cable in cable 
tray shall meet the requirements for Class 2 circuits as defined under Section 16 of the 
Canadian Electrical Code Part I. 

.4 Unless otherwise required, all DC power supplies to be rated 28 VDC, adjustable plus 
or minus 5%, and set to provide 26.4 V on the panel direct current bus.  Size the power 
supply for 2 times the connected load, minimum size is 2 amps. 

2.2 Noise Suppression  

.1 Provide power conditioners in each panel to power AC instrumentation and control loads. 
Power conditioners are Oneac Series CX. 

2.3 UPS Power Supply 

.1 Provide two sources of 120 VAC power each control panel:  UPS power for critical loads 
and non-UPS power for non-critical loads.   

.2 Control and operator interface system hardware including but not limited to PLCs, PLC I/O 
racks, PLC communication modules, HMI computers and industrial network switches shall 
be powered from the UPS.   

.3 Instrument power and associated DC power supplies shall be powered from the UPS. 
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.4 Non-critical loads include control panel interior lights and receptacles. 

.5 Online double conversion UPS’ shall be provided in each electrical and server room as 
specified in Division 16.  Coordinate with Division 16 to ensure that the plant’s UPS’ are of 
sufficient size to power the critical loads that are fed from each control panel. 

.6 Mount a lamacoid on the control panel stating that the panel has more than one power 
source. 

3. EXECUTION 

3.1 References  - General 

.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 

END OF SECTION 
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INSTRUMENT AIR SUPPLY AND TRANSMISSION 

1. GENERAL 

1.1 References  - General 

.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – 
Instrumentation and Controls General Requirements. 

2. PRODUCTS 

2.1 Pneumatic and Process Connections 

.1 Pipe, fittings, valves, tubing, tube fittings, etc. required under this Section of the Contract to 
be Swagelok or approved equal and rated for the service in which they are to be employed.  
Tubing and fittings are to be made of stainless steel.  

.2 Dimensions: 

.1 Process connections 12 mm (nominal) O.D. tubing 

.2 Output/signal - 10 mm (nominal) O.D. tubing 

.3 Air supply 12 mm pipe (nominal) to isolation valves and 10 mm O.D. tubing (nominal) 
from isolation valves to end devices (e.g. valves). 

.3 Provide a continuous support channel or raceway for all tubing. 

2.2 Air Sets 

.1 Provide all pneumatic actuator assemblies with an air set. 

.2 Provide Fischer 67FR air sets unless specified otherwise in the Instrument Specification 
Sheets of Section 17701 – Instrumentation Specification Sheets. 

.3 Air set to be complete with filter regulator and output gauge. 

2.3 Solenoid Valves 

.1 Provide ASCO Redhat type solenoid valves unless specified otherwise in Division 11 or on 
the Instrument Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 

.2 Solenoid enclosures to be minimum EEMAC 4; corrosive areas require EEMAC 4X and 
hazardous areas require EEMAC Type 9. Refer to Division 16 for area classifications. 

.3 Provide manual overrides on coils when solenoid is used to actuate a valve. 

.4 Standard coil voltage:  120 VAC. 
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.5 Pipe size:  3-way valve – 6 mm; 4-way valve – 10 mm. 

.6 Maximum operating pressure:  850 kPa instrument air. 

.7 Minimum operating pressure:  20 kPa instrument air. 

3. EXECUTION 

3.1 References  - General 

.1 Refer to Section 17010 – Instrumentation and Controls General Requirements. 

3.2 Tubing and Fitting Installation 

.1 Group instruments logically together.  Orient instrument air and process connection isolation 
valves to provide consistent handle indication of normal open/closed status. 

.2 Final location of skid mounted instruments to provide sufficient clearance for access to all 
maintenance settings, to provide unobstructed viewing of instrument indicators and to permit 
instrument calibration and maintenance during normal operation of the Site. 

.3 Tubing installations shall slope down 20 mm per 2 m of run to process connections. 

.4 Support tubing in channel or raceway if exposed or in close proximity to rotating equipment 
or high traffic areas.  Otherwise, do not exceed 1 m between tubing supports. 

.5 All turns shall have a minimum bending radius of 50 mm. 

.6 Avoid non-terminal connections in tubing runs. 

.7 Use Teflon tape on all threaded fittings.  Do not apply tape on the first two threads. 

.8 Tubing shall terminate at devices with fittings or 90° bends so as to allow removal of tubing 
without disturbing the device mounting. 

.9 Complete the final 300 mm (nominal) of air tubing to instruments or control valves installed 
in process equipment with flexible reinforced neoprene hose. Support the tubing at the hose 
connection.  Locate the hose connection to facilitate unrestricted removal of the instrument 
or control valve and to minimize transmission of process equipment vibration into the 
tubing. 

END OF SECTION 
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PROCESS TAPS AND PRIMARY ELEMENTS 

1. GENERAL 

1.1 References - General 

.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – 
Instrumentation and Control General Requirements. 

2. PRODUCTS 

2.1 Process Taps 

.1 Supply pressure gauge and thermowell taps.  Products shall be as specified in Division 15. 

2.2 Primary Elements 

.1 Supply and install primary elements and transmitters as specified on the Instrumentation 
Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 

.2 Supply written assurance that the instrument Manufacturer approves the selection for the 
primary element materials that are in contact with the specified process fluid and certifies 
that the materials are inert to the effects of the process fluid. 

.3 Supply and install drip pots for sensing elements measuring gas.  Supply seamless, stainless 
steel drip pots consisting of a 50 x 300 mm pipe with an isolating valve and a drain valve.  
Install a separate drip pot on each sensing line.  Locate the drain valve within 500 mm of the 
floor. 

.4 Supply diaphragm seals for any fluid other than water or glycol. 

.5 When diaphragm seals are specified with a pressure gauge or a pressure switch provide the 
assembly filled with ethylene glycol and calibrated by the Manufacturer. 

.6 Supply and install an ethylene glycol filled assembly calibrated by the manufacturer when 
in-line pressure sensors are specified with a pressure gauge or a pressure switch or in 
combination. 

3. EXECUTION (NOT USED) 

END OF SECTION 
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TRANSMITTERS AND INDICATORS 

1. GENERAL 

1.1 References - General 

.1 Equipment, products and execution must meet all requirements detailed in Section 17010 – 
Instrumentation and Control General Requirements. 

2. PRODUCTS 

2.1 Transmitters and Indicators 

.1 Supply and install transmitters and indicators as specified on the Instrument Specification 
Sheets of Section 17701 – Instrument Specification Sheets. 

.2 Transmitters shall have adequate power output to drive all devices associated with the signal 
loop.  Provide signal boosters as required to achieve adequate signal strength or to isolate the 
signal.  Provide current-to-current signal isolators for all secondary devices in the control 
loop.   

.3 All transmitters to have local indication scaled in engineering units as specified in the 
Specifications.  Provide a lamicoid label indicating the calibrated range and engineering 
units and mount adjacent to the transmitter.  Mount the transmitter so the indicator is visible 
by operations personnel. 

.4 Remote indicators provided by Crompton Instruments, Simpson, or Newport are acceptable 
for use. 

.5 Where the loop specification calls for a transmitter and an indicator to be mounted in the 
same panel, an indicating transmitter may be considered acceptable, provided the indicator is 
normally visible from outside the enclosure. 

.6 Where available as an option, the transmitter shall be supplied with an isolated fault contact.   

.7 Standard of acceptance for instrumentation shall be as follows: 

.1 Pressure Transmitters:  Rosemount Model 3051, ABB or Foxboro complete with 
stainless steel two (2) and three (3) valve manifolds as manufactured by Anderson 
Greenwood. 

.2 Pressure Gauges:  Ashcroft, H.O. Trerice, Budenberg.  

.3 Ultrasonic Level Transmitters:  Siemens Multiranger 100/200, Magnetrol, Endress & 
Hauser. 

.4 Temperature Transmitters (RTD):  Rosemount, ABB, Foxboro. 
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.5 pH Sensors: Rosemount, Endress and Hauser, ABB, Foxboro 870 Series. 

.6 Turbidity Sensors:  Hach, Rosemount, Endress and Hauser, GLI. 

.7 Chlorine Residual Analyzers:  Wallace & Tiernan Micro/2000 

.8 Chloramination/Monochloramine Analyzers:  Chemscan, 

.9 Power Meters:  Power Measurement Limited (PML). 

.10 Gas Detection Systems:  Draeger, MSA, Crowcon. 

3. EXECUTION 

3.1 References - General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

END OF SECTION 
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1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

2. PRODUCTS 

2.1 General 

.1 Use normally closed contacts for alarm actuation.  The contacts open to initiate the alarm. 

.2 Use normally open contacts to control equipment.  The contacts close to start the equipment. 

.3 Contacts monitored by solid state equipment to be hermetically sealed and adequately rated 
for the connected load. 

.4 Contacts monitored by electro-magnetic devices such as mechanical relays to be rated 
NEMA ICS 2, designation B300. 

.5 Provide double barriers between switch elements and process fluids such that failure of one 
(1) barrier will not permit process fluids into electrical enclosures. 

.6 Switch electrical enclosures to be rated EEMAC 4X, minimum. 

.7 120 VAC switches to have a 4A rating. 

2.2 Indicators, Pushbuttons, and Selector Switches 

.1 All control indicator lamps, pushbutton switches and selector switches in unclassified or 
non-corrosive areas to be Allen Bradley 800T or 800E series items or Cutler Hammer 
10250T series. 

.2 All control indicator lamps, pushbutton switches, and selector switches in classified or 
corrosive (includes outdoors) areas to be Allen Bradley 800H series items or Cutler Hammer 
E34 series. 

.3 Enclosures to be specified under Section 17110 – Enclosures. 

.4 All control indicator lamps shall be push-to-test type. 

2.3 Relays 

.1 The quality and type of relays shall be based on Omron relays.  Other acceptable 
manufacturers are Idec and Potter & Brumfield. 
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SWITCHES AND RELAYS 

  

.2 120 VAC relays to be Model LY 4PDT, plug-in, complete with test button and operation 
indicator, and surge suppressor. 

.3 24 VDC relays to be Model MY 2PDT plug-in, complete with test button and operation 
indicator, and surge suppressor diode. 

.4 Time delay relays for behind panel mounting to be Omron Model H3BA, 2PDT, plug-in, and 
programmable for sixteen (16) time ranges and four (4) operation modes. 

.5 Time delay relays for flush panel mounting and operator accessible timing range 
modifications to be Omron Model H5BR, SPDT, screw terminals, programmable for five (5) 
timing ranges and eight (8) operation modes, complete with digital display, module for time 
settings and flexible protective cover. 

.6 Where the contact ratings of the relays listed are insufficient for the application, select an 
appropriate type from an approved Manufacturer with the same quantity of contacts as was 
originally specified. 

.7 Provide relay plug-in sockets for DIN mounting complete with stacked screw clamp 
terminals. 

2.4 Process Switches 

.1 Standard of acceptance for instrumentation shall be as follows: 

.1 Thermal Flow Switches:  Ifm, Weber. 

.2 Pressure Switches (Electronic):  Ifm, United Electric. 

.3 Pressure Switches (Conventional):  Ashcroft, United Electric, Barksdale.  

.4 Conductivity Level Switches:  Endress & Hauser. 

.5 Float Switches:  Flygt, Consolidated Electric, Warwick, Magnetrol. 

.6 Temperature Switches:  Ifm. 

3. EXECUTION 

3.1 References – General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

END OF SECTION 



City of Winnipeg Water Treatment Program Section 17275 
Construction of Standby Generator Building Page 1 of 3 
Bid Opportunity No. 498-2006 August 2006 

MISCELLANEOUS PANEL DEVICES 

1. GENERAL 

1.1 References - General 

.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – 
Instrumentation and Control General Requirements. 

2. PRODUCTS 

2.1 Miscellaneous Panel Devices 

.1 Pilot Lights 

.1 Supply and install LED or transformer type pilot lights for extended lamp life, oil tight, 
push to test, complete with appropriate colour lenses.  Normal colours used are 
run = red, stop = green. Refer to Division 16 for additional information. 

.2 Terminals 

.1 Supply and install strap screw type terminal blocks rated for 600 V.  

.2 Identify each terminal block within an enclosure with a unique machine printed 
terminal block number.  Cabinet chassis grounding terminal blocks are to be identified 
by the electrical ground symbol. 

.3 Connections to screw terminals to be locking fork tongue insulated crimp type wire 
connectors. 

.4 Terminals to be Weidmuller or approved equal. 

.5 Supply and install a group of terminals for each of 120 VAC non-UPS hot and neutral, 
120 VAC UPS hot and neutral and 24 VDC positive and negative power.  Distribution 
wiring to have a thermal magnetic circuit breaker upstream of all major blocks of loads, 
adequately sized to protect the connected load while not causing nuisance tripping. 

.6 Supply and install Weidmuller disconnect type terminal blocks for each load or loop 
powered from the marshalling panels. 

.3 Nameplates 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements for 
nameplate Specification. 
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2.2 Signal Current Isolator 

.1 Isolators shall be installed to provide galvanic isolation of milli-ampere transmission signals 
from transmitters with inadequately isolated output circuits. 

.2 Isolator shall be housed in a NEMA 250, Type 4/7 conduit body and derive its operating 
power from the signal input circuit.  

.3 Input and output signals shall be 4 to 20 mA, with an error not exceeding 0.1% of span. 
Input resistance will not exceed 550 ohms with an output load of 250 ohms.  

.4 Approved manufacturers are Moore Industries, Weidmuller or Phoenix. 

2.3 Intrinsic Safety Barriers and Relays 

.1 Provide intrinsic safety barriers where required for two-wire transmitters of the active, 
isolating, loop powered type; MTL Type MT3042, Stahl 9005/01-252/100/00, Pepperl & 
Fuchs ZG series, or approved equal. 

.2 Provide dual type intrinsic safety barriers for process switches; MTL 787, Panalarm 
201-BR2. 

.3 Intrinsic safety relays to be Gems or Warrick. 

2.4 Industrial Ethernet Switches 

.1 Install rack mounted Ethernet Switches in separate network cabling termination cabinet 
mounted next to all control panels housing PLCs that interface to the WTP control and 
operator interface network as shown on the drawings.  Connect to the PLCs, local HMIs, 
VFDs, power meters and motor protection relays as shown on the drawings using cable rated 
for 100 Base-TX, 10 BaseFL, or 100 BaseFX communication, as required by the device. 

.2 Switches shall comply with IEEE 802.3, 802.3u, 802.3x, 802.1D, IEC 61950-3. 

.3 Switched shall be connected in a ring topology utilizing a 1000SX Multimode backbone. 

.4 Provide switches as required to connect to the equipment indicated in the Drawings and the 
following minimum spare ports: 

.1 4 - 10/100 Base T(x) RJ45 ports 

.2 2 - 10 BaseFL multimode ports 

.3 2 - 100 BaseFX multimode ports 

.5 Provide as a minimum two (2) switches in each cabinet for the PLC and HMI fibre networks.   

.6 Switches shall include one (1) relay output alarm contact rated for 1A@24 VDC. 
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.7 Input power shall be 120 VAC. 

.8 Switches shall be fast spanning for a sub-second recovery in a ring configuration. 

.9 Switches shall be Ruggedcom RSG2100 or approved equal. 

2.5 Fibre Termination Panel 

.1 Fibre termination panel suitable for the termination of two (2) 24-strand multimode fibre 
optic cables.  Multiple 2-strand multimode fibre cables for connection to power meters and 
protection relays shall be terminated to same panel. 

.2 Termination panel shall be rack mounted, hinged front and rear doors, complete with 
grounding kit and cable strain relief. 

.3 Install in network cabling termination cabinet 

.4 Leviton DP-525 or approved equal. 

2.6 Cat 5E Termination Panel 

.1 Rack mounted termination panel suitable for the termination of 24 Cat 5E cables. 

.2 Install in network cabling termination cabinet. 

3. EXECUTION 

3.1 References - General 

.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 

END OF SECTION 



City of Winnipeg Water Treatment Program Section 17500 
Construction of Standby Generator Building Page 1 of 3 
Bid Opportunity No. 498-2006 August 2006 

PROGRAMMABLE LOGIC CONTROLLERS 

  

1. GENERAL 

1.1 References - General 

.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – 
Instrumentation and Control General Requirements. 

1.2 Work Included 

.1 Supply and installation of a PLC-based control system that will control and monitor the 
system in accordance with the requirements specified on the drawings and the I/O lists. 

.2 PLC's and I/O shall be housed in central control panels. 

.3 PLC programming is not in the scope of this Contract. 

.4 Start-up and commissioning assistance as required for the control system. 

2. PRODUCTS 

2.1 PLCs 

.1 General 

.1 All new PLC equipment shall be based on the Modicon Unity Processor family. 

.2 All PLC’s shall be Modicon Unity hot standby processors complete with standby 
processors. 

.3 Communication protocol for the new PLC network shall be Modbus/TCP.  Ethernet 
communication modules shall be provided in each PLC rack to interface to the WTP 
control network. 

.4 Supply and install all necessary racks, power supplies, cables, I/O cards, 
communication cards, and accessories. 

.5 Supply spares of all PLC system components (minimum of ten (10) of each exact type 
with the exception of racks – supply two (2) of these) supplied including: power 
supplies, processors, communication modules, and input/output modules. 

.6 Supply 10% spare slot capacity for each PLC panel assembly. 

.7 Supply 25% spare power supply capacity for each PLC panel assembly. 

.8 PLC racks shall be powered from the external UPS system.  Each new PLC panel 
assembly shall include Sola Hevi-Duty STV100K series incoming power transient 
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surge suppression or approved equal.  Connect the surge suppressor dry contact to a 
PLC input and configure as an alarm on the control system at each panel. 

.2 PLC 

.1 Modicon Unity main processor and hot standby central processing unit (CPU):  Model 
Number 140 CPU 671 60. 

.2 Modicon NOE (Modbus/TCP) modules for each processor rack. 

.3 Redundant cable remote I/O modules in each I/O rack:  Model Numbers 140 CRP 932 
00 and 140 CRA 932 00. 

.4 I/O modules to meet the specifications specified in Subsection 2.1.1 and the I/O 
requirements of the P&IDs, instrument loop diagrams and I/O Lists. 

.3 I/O 

.1 120 VAC Digital Inputs:  Model Number 140 DAI 540 00. 

.2 24 VDC Digital Inputs:  Model Number 140 DDI 353 00. 

.3 Digital Outputs:  Model Number 140 DRA 840 00. 

.4 Analog Inputs:  Model Number 140 ACI 030 00. 

.5 Analog Outputs:  Model Number 140 ACO 020 00. 

.6 Provide at least 20% spare I/O of each type in each panel assembly. 

.4 Remote I/O Fiber Optic Repeaters 

.1 Modicon 490 NRP 954. 

.2 Repeaters shall be installed in network cabling termination cabinet as indicated on 
Drawings. 

2.2 System Integration Requirements 

.1 Cooperate with other Contractors, the City and the Contract Administrator to facilitate 
installation, testing, validation, and Commissioning of the control system. 

.2 Supply, install, test, and verify performance of the PLC Control Panel as specified in this 
Section and as shown on the Drawings. 

.3 Assist the Systems Integrator to establish communication with the PLCs.  Test data 
exchange with the PLC as specified in this Section and the process descriptions. 
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.4 Supply the spare PLC equipment to the Systems Integrator within six (6) months of award of 
Contract. 

3. EXECUTION 

3.1 References – General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements, Part 3. 

END OF SECTION 
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1. GENERAL 

1.1 References – General 

.1 Equipment, products, and Execution must meet all requirements detailed in Section 17010 – 
Instrumentation and Control General Requirements. 

1.2 General Requirements 

.1 For the purpose of this project, the tag name convention used on the I/O lists included with 
the Specifications and shown on the P&IDs will be used.  Coordinate the implementation of 
tags for any instrumentation not listed with the Contract Administrator. 

2. PRODUCTS  

.1 Local Control and Operator Interfaces  

.1 Provide all necessary local controls to allow local operation that compliments the 
operation of the WTP control system and facilitates satisfactory system control 
consistent with the intent of this Specification.  

.2 Interface to the WTP Control System 

.1 This Contractor is to support the design, installation, programming, and start-up of the 
WTP control system as follows: 

.1 Supply all field instrumentation necessary to facilitate both local and remote 
monitoring and control of the system. 

.2 Provide all hardware interfaces required to facilitate the interconnection of the 
contractor supplied PLC’s to the WTP control system. 

.3 Supply and install all cables, jumper wires and termination panels as shown on the 
Drawings and as necessary to facilitate connection of local HMIs to the WTP 
monitoring system and to create a complete and comprehensive WTP control and 
monitoring system. 

.4 Update all system documentation prior to Total Performance to reflect the final 
installation. 

3. EXECUTION 

3.1 Performance – General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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3.2 Installation 

.1 Provide hardware in accordance with the foregoing requirements in sufficient quantity to 
satisfy the performance requirements specified in this and other Divisions of this 
Specification. 

.2 Provide all necessary documentation to complete the configuration of the control system 
including I/O lists, alarm lists, critical process variables, instrumentation lists, loop wiring 
requirements for I/O and local control equipment details. 

.3 Assist with Performance Verification and Commissioning. 

.4 Provide all documentation and training as defined in the Specifications. 

END OF SECTION 
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1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

1.2 Programmable Logic Controller Input/Output Index 

.1 The following spreadsheet gives an itemized list of the I/O between the PLC and the field 
devices.  It is intended to serve as an aid for determining the cabling requirements for the 
Work specified in this Division. 

2. PRODUCTS (NOT USED) 

3. EXECUTION (NOT USED) 

END OF SECTION 
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RECORD REV. TAG P&ID ENG. PLC I/O I/O
NO. NO. NAME DRAWING UNITS LOW HIGH LOW HIGH CABINET TYPE ADDRESS

1 0 MN-E901A Start Command Generator GN-E901A Start WG-P0001 CP-H11A DO TCP
2 0 YS-E901A C/O/H Switch in Computer Position Generator GN-E901A in Computer Mode WG-P0001 CP-H11A DI TCP
3 0 MM-E901A Running Status Generator GN-E901A Running WG-P0001 CP-H11A DI TCP
4 0 UF-E901A General Fault Generator GN-E901A General Fault WG-P0001 CP-H11A DI TCP
5 0 EI-E901A Voltage Indication Generator GN-E901A Output Voltage WG-P0001 CP-H11A AI TCP
6 0 II-E901A Current Indication Generator GN-E901A Load Current WG-P0001 CP-H11A AI TCP
7 0 JI-E901A Kilowatts Indication Generator GN-E901A Output Kilowatts WG-P0001 CP-H11A AI TCP
8 0 MN-E902A Start Command Generator GN-E902A Start WG-P0001 CP-H11A DO TCP
9 0 YS-E902A C/O/H Switch in Computer Position Generator GN-E902A in Computer Mode WG-P0001 CP-H11A DI TCP
10 0 MM-E902A Running Status Generator GN-E902A Running WG-P0001 CP-H11A DI TCP
11 0 UF-E902A General Fault Generator GN-E902A General Fault WG-P0001 CP-H11A DI TCP
12 0 EI-E902A Voltage Indication Generator GN-E902A Output Voltage WG-P0001 CP-H11A AI TCP
13 0 II-E902A Current Indication Generator GN-E902A Load Current WG-P0001 CP-H11A AI TCP
14 0 JI-E902A Kilowatts Indication Generator GN-E902A Output Kilowatts WG-P0001 CP-H11A AI TCP
15 0 MN-E903A Start Command Generator GN-E903A Start WG-P0001 CP-H11A DO TCP
16 0 YS-E903A C/O/H Switch in Computer Position Generator GN-E903A in Computer Mode WG-P0001 CP-H11A DI TCP
17 0 MM-E903A Running Status Generator GN-E903A Running WG-P0001 CP-H11A DI TCP
18 0 UF-E903A General Fault Generator GN-E903A General Fault WG-P0001 CP-H11A DI TCP
19 0 EI-E903A Voltage Indication Generator GN-E903A Output Voltage WG-P0001 CP-H11A AI TCP
20 0 II-E903A Current Indication Generator GN-E903A Load Current WG-P0001 CP-H11A AI TCP
21 0 JI-E903A Kilowatts Indication Generator GN-E903A Output Kilowatts WG-P0001 CP-H11A AI TCP
22 0 LI-H901A Level Indication Bulk Fuel Storage Tank TNK-H901A Level WG-P0002 CP-H11A AI TCP
23 0 LI-H902A Level Indication Bulk Fuel Storage Tank TNK-H901A Level WG-P0002 CP-H11A AI TCP
24 0 LA-E901C Level Alarm GN-E901A Day Tank Low Low WG-P0002 CP-H11A DI TCP
25 0 LA-E901D Level Alarm GN-E901A Day Tank High High WG-P0002 CP-H11A DI TCP
26 0 LA-E902C Level Alarm GN-E902A Day Tank Low Low WG-P0002 CP-H11A DI TCP
27 0 LA-E902D Level Alarm GN-E902A Day Tank High High WG-P0002 CP-H11A DI TCP
28 0 LA-E903C Level Alarm GN-E903A Day Tank Low Low WG-P0002 CP-H11A DI TCP
29 0 LA-E903D Level Alarm GN-E903A Day Tank High High WG-P0002 CP-H11A DI TCP
30 0 MM-H906A Running Status Fuel Transfer Pump P-H906A Running WG-P0002 CP-H11A DI TCP
31 0 UF-H906A No Fault Fuel Transfer Pump P-H906A Fault WG-P0002 CP-H11A DI TCP
32 0 YS-H906A C/O/H Switch in Computer Position Fuel Transfer Pump P-H906A in Computer Mode WG-P0002 CP-H11A DI TCP
33 0 MM-H907A Running Status Fuel Transfer Pump P-H907A Running WG-P0002 CP-H11A DI TCP
34 0 UF-H907A No Fault Fuel Transfer Pump P-H907A Fault WG-P0002 CP-H11A DI TCP
35 0 YS-H907A C/O/H Switch in Computer Position Fuel Transfer Pump P-H907A in Computer Mode WG-P0002 CP-H11A DI TCP
36 0 LA-H908A Level Alarm Fuel Leak Detection Alarm WG-P0002 CP-H11A DI TCP
37 0 TI-H222A Temperature Indication Generator Building Electrical Room Ambient Temperature WG-H0501 CP-H12 AI 
38 0 UF-H222A No Fault Generator Building Electrical Room HVAC General Fault WG-H0501 CP-H12 DI

ALARMSSCALE

PLC I/O INDEX
DESCRIPTION

FUNCTION SERVICE

I/O SPECIFICATION

I/O POINT TYPES:   TCP = Modbus/TCP Ethernet,   AI = Analog Input,    AO = Analog Output,    DI = Discrete Input,     DO = Discrete Output
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RECORD REV. TAG P&ID ENG. PLC I/O I/O
NO. NO. NAME DRAWING UNITS LOW HIGH LOW HIGH CABINET TYPE ADDRESS

ALARMSSCALE
DESCRIPTION

FUNCTION SERVICE

I/O SPECIFICATION

39 0 TI-H204A Temperature Indication Generator GN-E901A Area Ambient Temperature WG-H0502 CP-H12 AI
40 0 UF-E901A No Fault Generator GN-E901A HVAC General Fault WG-H0502 CP-H12 DI
41 0 MM-E901A Running Status Generator GN-E901A HVAC Generator Running WG-H0502 CP-H11 DO
42 0 ZD-H203A Open Status Generator GN-E901A Exhaust Damper Open WG-H0502 CP-H11 D1
43 0 TI-H209A Temperature Indication Generator GN-E902A Area Ambient Temperature WG-H0503 CP-H12 AI
44 0 UF-E902A No Fault Generator GN-E902A HVAC General Fault WG-H0503 CP-H12 DI
45 0 MM-E902A Running Status Generator GN-E902A HVAC Generator Running WG-H0503 CP-H11 DO
46 0 ZD-H208A Open Status Generator GN-E902A Exhaust Damper Open WG-H0503 CP-H11 D1
47 0 TI-H214A Temperature Indication Generator GN-E903A Area Ambient Temperature WG-H0504 CP-H12 AI
48 0 UF-E903A No Fault Generator GN-E903A HVAC General Fault WG-H0504 CP-H12 DI
49 0 MM-E903A Running Status Generator GN-E903A HVAC Generator Running WG-H0504 CP-H11 DO
50 0 ZD-H213A Open Status Generator GN-E903A Exhaust Damper Open WG-H0504 CP-H11 DI
51 0 TA-E100AA Temperature Alarm Transformer XFMR-E100A Winding Temperature High WG-P0001 CP-H12 DI
52 0 TA-E100AB Temperature Alarm Transformer XFMR-E100A Winding Temperature High High WG-P0001 CP-H12 DI
53 0 TA-E100AC Temperature Alarm Transformer XFMR-E100A Top Oil Temperature High WG-P0001 CP-H12 DI
54 0 LA-E100AA Level Alarm Transformer XFMR-E100A Oil Level Low WG-P0001 CP-H12 DI
55 0 LA-E100AB Level Alarm Transformer XFMR-E100A Oil Level Low Low WG-P0001 CP-H12 DI
56 0 PA-E100AA Pressure Alarm Transformer XFMR-E100A Oil Pressure High WG-P0001 CP-H12 DI
57 0 XA-E100AA Ground Fault Alarm Transformer XFMR-E100A Ground Fault WG-P0001 CP-H11 DI
58 0 XA-E100AB Neutral Resistor Fault Alarm Transformer XFMR-E100A Neutral Resistor Fault WG-P0001 CP-H12 DI
59 0 TA-E100BA Temperature Alarm Transformer XFMR-E100B Winding Temperature High WG-P0001 CP-H12 DI
60 0 TA-E100BB Temperature Alarm Transformer XFMR-E100B Winding Temperature High High WG-P0001 CP-H12 DI
61 0 TA-E100BC Temperature Alarm Transformer XFMR-E100B Top Oil Temperature High WG-P0001 CP-H12 DI
62 0 LA-E100BA Level Alarm Transformer XFMR-E100B Oil Level Low WG-P0001 CP-H12 DI
63 0 LA-E100BB Level Alarm Transformer XFMR-E100B Oil Level Low Low WG-P0001 CP-H12 DI
64 0 PA-E100BA Pressure Alarm Transformer XFMR-E100B Oil Pressure High WG-P0001 CP-H12 DI
65 0 XA-E100BA Ground Fault Alarm Transformer XFMR-E100B Ground Fault WG-P0001 CP-H11 DI
66 0 XA-E100BB Neutral Resistor Fault Alarm Transformer XFMR-E100B Neutral Resistor Fault WG-P0001 CP-H12 DI
67
68
69
70 0 AI-T102A Total Chlorine Indication Clearwell Total Chlorine WT-P0001 LCP-T11 AI
71 0 AI-T102B Total Ammonia Indication Clearwell Total Ammonia WT-P0001 LCP-T11 AI
72 0 AI-T102C Free Ammonia Indication Clearwell Free Ammonia WT-P0001 LCP-T11 AI
73 0 AI-T102D Monochloramine Indication Clearwell Monochloramine WT-P0001 LCP-T11 AI
74 0 AF-T102A Analyzer Fault Indication Clearwell Chloramination Analyzer Fault WT-P0001 LCP-T11 DI
75 0 FA-T102A Flow Alarm Clearwell Chloramination Analyzer Sample Low Flow WT-P0001 LCP-T11 DI
76 0 AI-T103A Free Chlorine Indication Clearwell Free Chlorine Analyzer WT-P0001 LCP-T11 AI
77 0 AF-T103A Analyzer Fault Indication Clearwell Free Chlorine Analyzer Fault WT-P0001 LCP-T11 DI

I/O POINT TYPES:   TCP = Modbus/TCP Ethernet,   AI = Analog Input,    AO = Analog Output,    DI = Discrete Input,     DO = Discrete Output
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ALARMSSCALE
DESCRIPTION

FUNCTION SERVICE
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78 0 FA-T103A Flow Alarm Clearwell Free Chlorine Analyzer Sample Low Flow WT-P0001 LCP-T11 DI
79 0 AI-T104A pH Indication Clearwell pH WT-P0001 LCP-T11 AI
80 0 AF-T104A Analyzer Fault Indication Clearwell pH Analyzer Fault WT-P0001 LCP-T11 DI
81 0 FA-T104A Flow Alarm Clearwell pH Analyzer Sample Low Flow WT-P0001 LCP-T11 DI
82 0 AI-T105A Turbiditiy Indication Clearwell Turbidity WT-P0001 LCP-T11 AI
83 0 AF-T105A Analyzer Fault Indication Clearwell Turbidity Analyzer Fault WT-P0001 LCP-T11 DI
84 0 FA-T105A Flow Alarm Clearwell Turbidity Analyzer Sample Low Flow WT-P0001 LCP-T11 DI
85 0 AI-T202A Total Chlorine Indication Clearwell Total Chlorine WT-P0001 LCP-T11 AI
86 0 AI-T202B Total Ammonia Indication Clearwell Total Ammonia WT-P0001 LCP-T11 AI
87 0 AI-T202C Free Ammonia Indication Clearwell Free Ammonia WT-P0001 LCP-T11 AI
88 0 AI-T202D Monochloramine Indication Clearwell Monochloramine WT-P0001 LCP-T11 AI
89 0 AF-202A Analyzer Fault Indication Clearwell Chloramination Analyzer Fault WT-P0001 LCP-T11 DI
90 0 FA-T202A Flow Alarm Clearwell Chloramination Analyzer Sample Low Flow WT-P0001 LCP-T11 DI
91 0 AI-T203A Free Chlorine Indication Clearwell Free Chlorine WT-P0001 LCP-T11 AI
92 0 AF-T203A Analyzer Fault Indication Clearwell Free Chlorine Analyzer Fault WT-P0001 LCP-T11 DI
93 0 FA-T203A Flow Alarm Clearwell Free Chlorine Analyzer Sample Low Flow WT-P0001 LCP-T11 DI
94 0 AI-T204A pH Indication Clearwell pH WT-P0001 LCP-T11 AI
95 0 AF-T204A Analyzer Fault Indication Clearwell pH Analyzer Fault WT-P0001 LCP-T11 DI
96 0 FA-T204A Flow Alarm Clearwell pH Analyzer Sample Low Flow WT-P0001 LCP-T11 DI
97 0 AI-T205A Turbiditiy Indication Clearwell Turbidity WT-P0001 LCP-T11 AI
98 0 AF-T205A Analyzer Fault Indication Clearwell Turbidity Analyzer Fault WT-P0001 LCP-T11 DI
99 0 FA-T205A Flow Alarm Clearwell Turbidity Analyzer Sample Low Flow WT-P0001 LCP-T11 DI

100 0 LF-T101A Level Fault Clearwell Cell No.1 Level WT-P0001 LCP-T11 DI
101 0 LF-T101B Level Fault Clearwell Cell No.1 Level WT-P0001 LCP-T11 DI
102 0 LF-T201A Level Fault Clearwell Cell No.2 Level WT-P0001 LCP-T11 DI
103 0 LF-T201B Level Fault Clearwell Cell No.2 Level WT-P0001 LCP-T11 DI
104 0 LI-T101A Level Indication Clearwell Cell No.1 Level WT-P0001 LCP-T11 AI
105 0 LI-T101B Level Indication Clearwell Cell No.1 Level WT-P0001 LCP-T11 AI
106 0 LI-T201A Level Indication Clearwell Cell No.2 Level WT-P0001 LCP-T11 AI
107 0 LI-T201B Level Indication Clearwell Cell No.2 Level WT-P0001 LCP-T11 AI
108 0 MM-T101A Running Status Clearwell Analyser Sample Pump Running WT-P0001 LCP-T11 DI
109 0 MM-T201A Running Status Clearwell Analyser Sample Pump Running WT-P0001 LCP-T11 DI
110 0 MN-T101A Start Command Clearwell Analyser Sample Pump Start WT-P0001 LCP-T11 DO
111 0 MN-T201A Start Command Clearwell Analyser Sample Pump Start WT-P0001 LCP-T11 DO
112 0 YS-T101A C/O/H Switch in Computer Position Clearwell Analyser Sample Pump in Computer Mode WT-P0001 LCP-T11 DI
113 0 YS-T201A C/O/H Switch in Computer Position Clearwell Analyser Sample Pump in Computer Mode WT-P0001 LCP-T11 DI
114 0 ZB-T002A Closed Status Clearwell Cell 1 & 2 Dividing Wall Sluice Gate Closed WT-P0001 LCP-T11 DI
115 0 ZB-T003A Closed Status Clearwell Outlet Chamber Dividing Wall Sluice Gate Closed WT-P0001 LCP-T11 DI
116 0 ZB-T101A Closed Status Clearwell Cell 1 Inlet Sluice Gate Closed WT-P0001 LCP-T11 DI

I/O POINT TYPES:   TCP = Modbus/TCP Ethernet,   AI = Analog Input,    AO = Analog Output,    DI = Discrete Input,     DO = Discrete Output



City of Winnipeg Water Treatment Program
Construction of Standby Generator Building
Bid Opportunity No. 498-2006

Section 17600-A 
Page 4 of 4

August 2006

RECORD REV. TAG P&ID ENG. PLC I/O I/O
NO. NO. NAME DRAWING UNITS LOW HIGH LOW HIGH CABINET TYPE ADDRESS

ALARMSSCALE
DESCRIPTION

FUNCTION SERVICE

I/O SPECIFICATION

117 0 ZB-T102A Closed Status Clearwell Cell 1 Outlet Sluice Gate Closed WT-P0001 LCP-T11 DI
118 0 ZB-T201A Closed Status Clearwell Cell 2 Inlet Sluice Gate Closed WT-P0001 LCP-T11 DI
119 0 ZB-T202A Closed Status Clearwell Cell 2 Outlet Sluice Gate Closed WT-P0001 LCP-T11 DI
120 0 ZD-T002A Open Status Clearwell Cell 1 & 2 Dividing Wall Sluice Gate Open WT-P0001 LCP-T11 DI
121 0 ZD-T003A Open Status Clearwell Outlet Chamber Dividing Wall Sluice Gate Open WT-P0001 LCP-T11 DI
122 0 ZD-T101A Open Status Clearwell Cell 1 Inlet Sluice Gate Open WT-P0001 LCP-T11 DI
123 0 ZD-T102A Open Status Clearwell Cell 1 Outlet Sluice Gate Open WT-P0001 LCP-T11 DI
124 0 ZD-T201A Open Status Clearwell Cell 2 Inlet Sluice Gate Open WT-P0001 LCP-T11 DI
125 0 ZD-T202A Open Status Clearwell Cell 2 Outlet Sluice Gate Open WT-P0001 LCP-T11 DI
126 0 UF-H240A General Alarm Clearwell Inlet Bulidng HVAC General Fault WT-M0007 LCP-T11 DI
127 0 TI-H240A Zone Temperature Clearwell Inlet Bulidng Ambient Temperature WT-M0007 LCP-T11 AI
128
129
130 0 YB-T301A Close Command Clearwell Outlet Valve FV-T301A Close WD-P0002 CP-D21 DO
131 0 YD-T301A Open Command Clearwell Outlet Valve FV-T301A Open WD-P0002 CP-D21 DO
132 0 YS-T301A C/O/H Switch in Computer Position Clearwell Outlet Valve FV-T301A in Computer Mode WD-P0002 CP-D21 DI
133 0 ZB-T301A Closed Status Clearwell Outlet Valve FV-T301A Closed WD-P0002 CP-D21 DI
134 0 ZD-T301A Open Status Clearwell Outlet Valve FV-T301A Open WD-P0002 CP-D21 DI
135 0 YB-T302A Close Command Clearwell Outlet Valve FV-T302A Close WD-P0002 CP-D21 DO
136 0 YD-T302A Open Command Clearwell Outlet Valve FV-T302A Open WD-P0002 CP-D21 DO
137 0 YS-T302A C/O/H Switch in Computer Position Clearwell Outlet Valve FV-T302A in Computer Mode WD-P0002 CP-D21 DI
138 0 ZB-T302A Closed Status Clearwell Outlet Valve FV-T302A Closed WD-P0002 CP-D21 DI
139 0 ZD-T302A Open Status Clearwell Outlet Valve FV-T302A Open WD-P0002 CP-D21 DI
140 0 LA-XXXX Level Alarm Cell 1 Raw Water Valve Air Gap Flooded CP-D21 DI

I/O POINT TYPES:   TCP = Modbus/TCP Ethernet,   AI = Analog Input,    AO = Analog Output,    DI = Discrete Input,     DO = Discrete Output
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INSTRUMENT INDEX 

  

1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

1.2 Instrument Index 

.1 The following spreadsheet gives an itemized list of the instrumentation included as part of 
this Work. 

2. PRODUCTS (NOT USED) 

3. EXECUTION (NOT USED) 

END OF SECTION 
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NO. No. NAME INSTRUMENT TYPE SERVICE SUPPLY RANGE BY BY DATA SHEET DRAWING LOOP DIA. DETAIL DWG.
1 0 LE-T101A Level Element Clearwell Cell No.1 Level Contractor Contractor I120 WT-P001 WB-A0455 WB-A0401
2 0 LT-T101A Level Indicator Transmiiter Clearwell Cell No.1 Level 120v Contractor Contractor I120 WT-P001 WB-A0455 WB-A0402
3 0 LE-T101B Level Element Clearwell Cell No.1 Level Contractor Contractor I120 WT-P001 WB-A0455 WB-A0401
4 0 LT-T101B Level Indicator Transmiiter Clearwell Cell No.1 Level 120V Contractor Contractor I120 WT-P001 WB-A0455 WB-A0402

5 0 FI-T102A Sample Flow Indicator Clearwell Chloramination Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

6 0 AE-T102A Analyzer Element
Clearwell Total Chlorine, Total Ammonia, Free Ammonia and 
Monochloramine Contractor Contractor I180 WT-P001 WT-I0301 WT-I0001

7 0 AT-T102A Analyzer/Transmitter
Clearwell Total Chlorine, Total Ammonia, Free Ammonia and 
Monochloramine 120V

Total Chlorine 0-5mg/L, Free 
Ammonia 0-2mg/L, Monochloramine 
0-5mg/L          , Contractor Contractor I180 WT-P001 WB-A0465 WT-I0301 WT-I0001

8 0 FI-T103A Sample Flow Indicator Clearwell Free Chlorine Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

9 0 AE-T103A Analyzer Element Clearwell Free Chlorine Contractor Contractor I170 WT-P001 WT-I0301 WT-I0001

10 0 AT-T103A
Free Chlorine 
Analyzer/Transmitter Clearwell Free Chlorine 120V 0-5mg/L Contractor Contractor I170 WT-P001 WB-A0465 WT-I0301 WT-I0001

11 0 FI-T104A Sample Flow Indicator Clearwell pH Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

12 0 AE-T104A Analyzer Element Clearwell pH Contractor Contractor I165 WT-P001 WT-I0301 WT-I0001
13 0 AT-T104A pH Analyzer/Transmitter Clearwell pH 120V 5.5-9pH Contractor Contractor I165 WT-P001 WB-A0465 WT-I0301 WT-I0001

14 0 FI-T105A Sample Flow Indicator Clearwell Turbidity Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

15 0 AE-T105A Analyzer Element Clearwell Turbidity Contractor Contractor I162 WT-P001 WT-I0301 WT-I0001

16 0 AT-T105A Turbidity Analyzer/Transmitter Clearwell Turbidity 120V 0-1 NTU Contractor Contractor I162 WT-P001 WB-A0459 WT-I0301 WT-I0001
17 0 LE-T201A Level Element Clearwell Cell No.2 Level Contractor Contractor I120 WT-P001 WB-A0455 WB-A0401
18 0 LT-T201A Level Indicator Transmiiter Clearwell Cell No.2 Level 120V Contractor Contractor I120 WT-P001 WB-A0455 WB-A0402
19 0 LE-T201B Level Element Clearwell Cell No.2 Level Contractor Contractor I120 WT-P001 WB-A0455 WB-A0401
20 0 LT-T201B Level Indicator Transmiiter Clearwell Cell No.2 Level 120V Contractor Contractor I120 WT-P001 WB-A0455 WB-A0402

21 0 FI-T202A Sample Flow Indicator Clearwell Chloramination Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

22 0 AE-T202A Analyzer Element
Clearwell Total Chlorine, Total Ammonia, Free Ammonia and 
Monochloramine Contractor Contractor I180 WT-P001 WT-I0301 WT-I0001

23 0 AT-T202A Analyzer/Transmitter
Clearwell Total Chlorine, Total Ammonia, Free Ammonia and 
Monochloramine 120V

Total Chlorine 0-5mg/L, Free 
Ammonia 0-2mg/L, Monochloramine 
0-5mg/L          , Contractor Contractor I180 WT-P001 WB-A0465 WT-I0301 WT-I0001

24 0 FI-T203A Sample Flow Indicator Clearwell Free Chlorine Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

25 0 AE-T203A Analyzer Element Clearwell Free Chlorine Contractor Contractor I170 WT-P001 WT-I0301 WT-I0001

26 0 AT-T203A
Free Chlorine 
Analyzer/Transmitter Clearwell Free Chlorine 120V 0-5mg/L Contractor Contractor I170 WT-P001 WB-A0465 WT-I0301 WT-I0001

27 0 FI-T204A Sample Flow Indicator Clearwell pH Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

28 0 AE-T204A Analyzer Element Clearwell pH Contractor Contractor I165 WT-P001 WT-I0301 WT-I0001
29 0 AT-T204A pH Analyzer/Transmitter Clearwell pH 120V 5.5-9pH Contractor Contractor I165 WT-P001 WB-A0465 WT-I0301 WT-I0001

30 0 FI-T205A Sample Flow Indicator Clearwell Turbidity Analyzer Sample Flow
To suit required instrument sample 
flow rate Contractor Contractor

Rotameter Complete With Low Flow 
Switch WP-P0001 WT-I0301 WT-I0001

31 0 AE-T205A Analyzer Element Clearwell Turbidity Contractor Contractor I162 WT-P001 WT-I0301 WT-I0001

32 0 AT-T205A Turbidity Analyzer/Transmitter Clearwell Turbidity 120V 0-1 NTU Contractor Contractor I162 WT-P001 WB-A0459 WT-I0301 WT-I0001
33
34
35 0 LS-H920A Level Switch Generator Building Sump Pit High Level Switch 120V Bracket Contractor Contractor I125 WG-P0001 WB-A0463 WB-A0406

INSTRUMENT INDEX
DESCRIPTION

MANUFACTURER MODEL COMMENTSMOUNTING
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36 0 LE-E901A Level Element Generator GN-E901A Day Tank Leak Detection Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

37 0 LS-E901B Level Switch Generator GN-E901A Day Tank Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

38 0 LS-E901D Level Switch Generator GN-E901A Day Tank Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

39 0 SOL-E901A Solenoid Valve Generator GN-E901A Day Tank Fill Valve Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

40 0 LE-E902A Level Element Generator GN-E902A Day Tank Leak Detection Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

41 0 LS-E902B Level Switch Generator GN-E902A Day Tank Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

42 0 LS-E902D Level Switch Generator GN-E902A Day Tank Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

43 0 SOL-E902A Solenoid Valve Generator GN-E902A Day Tank Fill Valve Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

44 0 LE-E903A Level Element Generator GN-E903A Day Tank Leak Detection Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

45 0 LS-E903B Level Switch Generator GN-E903A Day Tank Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

46 0 LS-E903D Level Switch Generator GN-E903A Day Tank Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

47 0 SOL-E903A Solenoid Valve Generator GN-E903A Day Tank Fill Valve Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

48 0 LT-H901A Level Transmitter Bulk Fuel Storage Tank TNK-H901A Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

49 0 LE-H901A Level Element Bulk Fuel Storage Tank TNK-H901A Leak Detection Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

50 0 LT-H902A Level Transmitter Bulk Fuel Storage Tank TNK-H902A Level Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

51 0 LE-H902A Level Element Bulk Fuel Storage Tank TNK-H902A Leak Detection Supply Contractor Supply Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

52 0 LE-H904A Level Element Fuel Transfer System Leak Detection Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110

53 0 LE-H905A Level Element Fuel Transfer System Leak Detection Supply Contractor Contractor
Wired to Fuel System Control Panel 
LCP-H908A WG-P0002 WG-H0110
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INSTRUMENT SPECIFICATION SHEETS 

  

1. GENERAL 

1.1 References - General 

.1 The Work includes the provision of all instrument specification sheets. 

.2 Refer to Section 17010 – Instrumentation and Control General Requirements for general 
instrumentation and control requirements related to instrument specification sheets. 

1.2 Instrument Specification Sheets 

.1 Provide data sheets to itemize detailed as-built information regarding the specification of 
instruments included as part of this Work for each instrument supplied.  The data sheets 
already included in this Section list specific minimum requirements for particular 
applications. 

.2 Use forms in accordance with the ISA Standard S20 as a template for the preparation of the 
specification sheets. 

2. PRODUCTS (NOT USED) 

3. EXECUTION (NOT USED) 

END OF SECTION 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I102 

DEVICE: Compact Inline Flowmeter 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Refer to Instrument Index and P&ID  

PROCESS FLOW: Refer to Instrument Index, Section 17700 

OUTPUT: 4 to 20 mA DC 

ACCURACY <3% 

REPEATABILITY <1% 

POWER SUPPLY: 24V DC max 100 mA 

FLOWTUBE MATERIAL: To suit liquid being measured, size as shown on drawings 

ELECTRONICS ENCLOSURE: IP65 

MOUNTING: Inline sensor pipe 

ACCESSORIES: 2 m moulded oilflex cable 

MANUFACTURER  
AND MODEL: 

Weber flow captor 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I105 

DEVICE: Flow Switch 

TAG: Refer to Instrument Index, Section 17700 

TYPE: Thermal Dispersion 

SERVICE: Refer to Instrument Index and P&ID  

RANGE: Refer to Instrument Index, Section 17700 

REPEATABILITY: <1% 

OUTPUT: SPDT contacts rated 10 Amps @ 120 VAC 

POWER SUPPLY: 120 VAC, 60 Hz, 1 ∅ 

ENCLOSURE: Polymer-coated aluminum, NEMA 4X rating 

MOUNTING: ¾” NPT with 1” insertion length 

MANUFACTURER  
AND MODEL: 

IFM 
Weber 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I115 

DEVICE: Pressure Switch 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Refer to Instrument Index and P&ID  

PROCESS CONNECTION: ½” NPTF 

SENSOR: Brass Bellows 

RANGE: Refer to Instrument Index, Section 17700 

MOUNTING: Bottom, Stem mounted 

ENCLOSURE: NEMA 4X 

OUTPUT: Form C Contacts rated 5 amps @ 120 VAC 

MANUFACTURER  
AND MODEL: 

Ashcroft  
United Electric 
Barksdale 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I120 

DEVICE: 
 

Liquid Level Transmitter 

TAG: 
 

Refer to Instrument Index, Section 17700 
 

TYPE: 
 

Ultrasonic 

SERVICE: 
 

Refer to Instrument Index and P&ID  

RANGE: 
 

Refer to Instrument Index, Section 17700 

INACCURACY: 
 

±0.5% of span 

OUTPUT: 
 

4 to 20 mA DC into 500 ohm load 
5 configurable alarm relays 
 

POWER SUPPLY: 
 

120 VAC, 60 HZ 

ENCLOSURE: 
 

NEMA 4X Transmitter Housing 
NEMA 4X Sensor 
 

MOUNTING: 
 (TRANSMITTER) 

 (SENSOR) 
 

 
Wall Mount 
Provide PVC pipe stilling well where shown on the drawings and in 
accordance with manufacturer’s recommendations to ensure stable 
readings in turbulent locations.  Mount sensor on stilling well.  
Install sensors at least 300 mm above maximum liquid level.  
Provide PVC blind flange for mounting sensor. 
 

ACCESSORIES: 
 

1 - hand-held programmer 
 

MANUFACTURER AND 
MODEL: 
 

Siemens Multiranger 100/200 
Magnetrol  
Endress & Hauser 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I125 

DEVICE: Float Switch 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Refer to Instrument Index and P&ID  

OUTPUT: SPDT Contacts 

ENCLOSURE: Polypropylene float casing with preterminated signal cable 

MOUNTING: Provide strain relief-type connectors to suspend float at desired 
location.  Fabricate mounting brackets from 316 SS.  Provide anti-
sway rings to prevent sway in turbulent tanks. 

MANUFACTURER 
AND MODEL: 

Flygt ENM-10 
Consolidated Electric 
Warwick 
Magnetrol 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I126 

DEVICE: Conductivity Level Switch 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Refer to Instrument Index and P&ID  

RANGE: 
 

4 conductivity measuring ranges selectable via dip switches 

OUTPUT: SPDT Contacts 

POWER SUPPLY: 
 

120 VAC, 60 HZ 

ENCLOSURE: PBT Housing; Polypropylene rod insulation 

MOUNTING: Provide PVC blind flange for mounting probes. 

MANUFACTURER 
AND MODEL: 

Endress & Hauser 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I130 

DEVICE: Temperature Indicating Transmitter with RTD Sensor 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Ambient Air 

RANGE: 0°C to 50°C 

INACCURACY: ±0.5% of span  

INDICATION: 3½ Digit LED display scaled in engineering units 

OUTPUT: 4 to 20 mA DC into 500 ohm load 

POWER SUPPLY: Loop powered 

ENCLOSURE: Transmitter: NEMA 4X 
RTD Probe: 5 mm dia x 100 mm L ambient air probe 

MOUNTING: Wall mounting 

MANUFACTURER 
AND MODEL: 

Rosemount Type 3044C 
ABB  
Foxboro 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I131 

DEVICE: Temperature Indicating Transmitter with RTD Sensor 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Process Water  

RANGE: 0 - 100°C 

INACCURACY: ±0.5% of span  

INDICATION: 3½ Digit LED display scaled in engineering units 

OUTPUT: 4 to 20 mA DC into 500 ohm load 

POWER SUPPLY: Loop powered 

ENCLOSURE: Transmitter: NEMA 4X 
RTD Probe: Platinum 100 OHM Spring Loaded 

MOUNTING: Direct to process, use a thermowell with 50 mm insertion at a pipe 
tee or elbow fitting 

MANUFACTURER 
AND MODEL: 

Rosemount Type 3044C 
ABB  
Foxboro 
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INSTRUMENT 
SPECIFICATION NUMBER: 

I162 

DEVICE: Inline Turbidimeter 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Refer to Instrument Index and P&ID  

MOUNTING: Wall mount.   

RANGE: 0.001 – 100 NTU 

INACCURACY: ±2% of reading from 0 to 40 NTU;  
±5% of reading from 40 to 100 NTU 

REPEATABILITY Less than 1% of reading 

OUTPUT: 4 to 20 ma DC into 500 ohm load 
2 Configurable alarm relays including a dedicated fault relay 

POWER SUPPLY: 120 VAC, 60 Hz 

INDICATION: Local indication of Turbidity 

ELECTRONIC ENCLOSURE: NEMA 4X.  

MANUFACTURER 
AND MODEL: 

Hach 1720E Turbidimeter and sc100 Controller 
Rosemount 
Endress & Hauser 
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INSTRUMENT SPECIFICATION SHEETS 

 

 

 
INSTRUMENT 
SPECIFICATION NUMBER: 

I165 

DEVICE: Flow Through pH/Temperature Analyzer 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Refer to Instrument Index and P&ID  

SENSOR MATERIAL: Glass electrode 

SENSOR MOUNTING Wall mount 

TEMPERATURE 
COMPENSATION: 

Automatic, 0 to 100 Deg. C 

RANGE: 0-14 pH 

INACCURACY: Less than ±0.5% of span 

REPEATABILITY Less than 0.01 pH 

OUTPUT: Two 4-20 mA DC outputs for process measurement and temperature 
4 Configurable alarm relays including a dedicated fault relay 

POWER SUPPLY: 120 VAC, 60 Hz 

INDICATION: Local indication of pH and temperature 

ENCLOSURE: NEMA 4X transmitter housing.  Wall-mount sensor and transmitter.  

ACCESSORIES: 1 – Hand-held programmer 
MANUFACTURER 
AND MODEL: 

Rosemount 320B Sensor and 54e Analyzer 
Endress & Hauser 
ABB 
Foxboro 
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INSTRUMENT SPECIFICATION SHEETS 

 

 

 
INSTRUMENT 
SPECIFICATION NUMBER: 

I170 

DEVICE: Online Chlorine Residual Analyzer 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Refer to Instrument Index and P&ID  

MEASUREMENT METHOD: Amperometric 

MOUNTING: Wall mount 

RANGE: 0-5 mg/L 

INACCURACY: Less than ±1.0% of span 

REPEATABILITY Less than ±1.0% of span 

OUTPUT: 4 to 20 mA DC into maximum 600 ohm load  

3 Configurable alarm relays including a dedicated fault relay 

POWER SUPPLY: 120 VAC, 60 Hz 

INDICATION: Local indication of Free/Total Chlorine 

ENCLOSURE: NEMA 4X transmitter housing.  Wall-mount sensor and transmitter.  

MANUFACTURER 
AND MODEL: 

Wallace & Tiernan Micro/2000 
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INSTRUMENT SPECIFICATION SHEETS 

 

 

 
INSTRUMENT 
SPECIFICATION NUMBER: 

I180 

DEVICE: Online Total Chlorine,  Free Ammonia, Total Ammonia, 
Monochloramine Analyzer 

TAG: Refer to Instrument Index, Section 17700 

SERVICE: Clearwell 

MEASUREMENT METHOD: UV Absorbance 

MOUNTING: Wall mount 

RANGE: 0-5 mg/L Total Chlorine, Free Ammonia, Total Ammonia, 
Monochloramine 

 

INACCURACY: Less than ±5.0% of span 

OUTPUT: Four 4-20 mA DC   

Dedicated fault relay 

POWER SUPPLY: 120 VAC, 60 Hz 

INDICATION: Local LCD and keypad for indication of Measured Parameters 
Ammonia Residuals 

ENCLOSURE: NEMA 4  

MANUFACTURER 
AND MODEL: 

Chemscan UV-4100 
 

 

END OF SECTION 
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INSTRUMENT LOOP DRAWINGS 

  

1. GENERAL 

1.1 References - General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

1.2 Instrument Loop Drawings 

.1 The following sixteen (16) Drawings show typical instrument loop wiring diagrams as 
referenced by this Specification Section.  One (1) Drawing per loop shall be completed by 
the Contractor and submitted for approval after award of Contract.   

WB-A0451 Instrument Loop Diagram - Typical Motorized Valve - Open/Close 
WB-A0452 Instrument Loop Diagram - Typical Motorized Valve - Modulating 
WB-A0453 Instrument Loop Diagram - Typical Magnetic Flow Meter 
WB-A0454 Instrument Loop Diagram - Typical Thermal Mass Flow Meter 
WB-A0455 Instrument Loop Diagram – Typical Ultrasonic Level Transmitter 
WB-A0456 Instrument Loop Diagram - Typical Thermal Dispersion Flow Meter 
WB-A0457 Instrument Loop Diagram - Typical Chlorine Residual Analyzer 

WB-A0458 
Instrument Loop Diagram - Typical Conductivity Level Switch – Single 
Point 

WB-A0459 Instrument Loop Diagram - Typical Turbidity Analyzer 
WB-A0460 Instrument Loop Diagram - Typical pH Analyzer 
WB-A0461 Instrument Loop Diagram - Typical MCC Starter 
WB-A0462 Instrument Loop Diagram - Typical Turbidity/TSS Analyzer 
WB-A0463 Instrument Loop Diagram - Typical Discrete Input 
WB-A0464 Instrument Loop Diagram - Typical Valve Limit Switch Monitoring 
WB-A0465 Instrument Loop Diagram - Typical Loop Powered Analog Input 
WB-A0466 Instrument Loop Diagram - Typical 3-wire RTD 

2. PRODUCTS (NOT USED) 

3. EXECUTION (NOT USED) 

END OF SECTION 
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INSTRUMENT STANDARD DETAILS 

1. GENERAL 

1.1 References – General 

.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

1.2 Instrument Standard Details 

.1 The following ten (10) Drawings provide standard instrumentation installation details as 
referenced by this Specification Section: 

WB-A0401 Instrumentation Standard Details - Ultrasonic Level Transducer 

WB-A0402 
Instrumentation Standard Details - Loop Powered Remote Indicating 
Transmitter 

WB-A0403 Instrumentation Standard Details – Hand Switch Mounting 
WB-A0404 Instrumentation Standard Details – Pressure Gauge 
WB-A0405 Instrumentation Standard Details – Pressure Switch 
WB-A0406 Instrumentation Standard Details – Float Switch 
WB-A0407 Instrumentation Standard Details – Thermowell Mounted RTD 

WB-A0408 
Instrumentation Standard Details – Pressure Transmitter and Inline Pressure 
Sensor 

WB-A0409 Instrumentation Standard Details – Raw Water pH/ Turbidity Analyzer 
WB-A0410 Instrumentation Standard Details – Turbidity/TSS Sensor 

2. PRODUCTS (NOT USED) 

3. EXECUTION (NOT USED) 

END OF SECTION 
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	1. GENERAL 
	1.1 Work Included 
	.1 Complete and operational electrical system as required by the Drawings and as herein specified. 

	1.2 Related Work 
	.1 General Requirements: Division 1 
	.2 Site Work: Division 2 
	.3 Concrete: Division 3 
	.4 Mechanical: Division 15 

	1.3 Drawings and Specifications 
	.1 Symbols used to represent various electrical devices often occupy more space on the Drawing than the actual device does when installed.  In such instances, do not scale locations of devices from electrical symbols.  Install these devices with primary regard for usage of wall space, convenience of operation and grouping of devices. 

	1.4 Quality Assurances 
	.1 Codes, Rules, Permits, & Fees 
	.1 Comply with all rules of the Canadian Electrical Code, CSA Standard C22.1 and the applicable building codes.  Do Overhead Lines in accordance with CAN/CSA-C22.3 No. 1 and Underground Systems in accordance with CAN/CSA-C22.3 No. 7 except where specified otherwise. 
	.2 Quality of Work specified and/or shown on the Drawings shall not be reduced by the foregoing requirements. 
	.3 Prior to installation, verify location, arrangement and point of attachment for service and service entrance equipment with supply authority and inspection departments.   
	.4 Furnish a Certificate of Final Inspection and approvals from inspection authority to the Contract Administrator. 

	.2 Standard of Workmanship: 
	.1 Arrange and install products to fit properly into designated building spaces. 
	.2 Unless otherwise specified or shown, install products in accordance with recommendations and ratings of manufacturers. 


	1.5 Submittals 
	.1 Within thirty (30) Calendar Days of award of Contract, the Contractor shall submit a completed equipment procurement schedule which lists the manufacturer and model of equipment, indicating the projected ordering, shop drawing submittal date and delivery dates of all products to meet the Contract Work Schedule. 
	.2 Submit samples as required where specified in Division 16. 
	.3 Prior to delivery of any products to Jobsite and sufficiently in advance of requirements to allow ample time for checking, submit shop drawings for review as specified in Division 1.  Submit Shop Drawings for all equipment as required in each section of this Specification. 
	.4 Prior to submitting the Shop Drawings to the Contract Administrator, the Contractor shall review the Shop Drawings to determine that the equipment complies with the requirements of the Specifications and Drawings. 
	.5 Indicate materials, methods of construction and attachment of support wiring, diagrams, connections, recommended installation details, explanatory notes and other information necessary for completion of Work.  Where equipment is connected to other equipment, indicate that such items have been coordinated, regardless of the section under which the adjacent items will be supplied and installed.  Indicate cross references to design drawings and specifications. 
	Adjustments made on Shop Drawings by the Contract Administrator are not intended to change the contract price.  If adjustments affect the value of the Work state such in writing to the Contract Administrator prior to proceeding with the Work. 
	.6 Manufacture of products shall conform to revised Shop Drawings. 
	.7 Keep one (1) complete set of Shop Drawings at  Site during construction. 

	1.6 Product Handling 
	.1 Use all means necessary to protect the products of this Division before, during and after installation and to protect products and installed Work of all other trades. 
	.2 Immediately make good any damage by repair or replacement at no additional cost to the City and to the approval of the Contract Administrator. 
	.3 Remove advertising labels from all electrical equipment.  Do not remove identification of certification labels. 
	.4 Remove dirt, rubbish, grease, etc. resulting from this work from all surfaces, including the inside of all cabinets, equipment enclosures, panelboard tubs, etc. 

	2. PRODUCTS 
	2.1 Quality of Products 
	.1 All products provided shall be CSA Approved, UL approved where applicable, and new, unless otherwise specified. 
	.2 If products specified are not CSA approved, obtain special approval from the local regulatory authority.  Pay all applicable charges levied and make all modifications required for approval. 
	.3 Products provided, if not specified, shall be new, of a quality best suited to the purpose required and their use subject to approval by the Contract Administrator. 

	2.2 Uniformity of Manufacture 
	.1 Unless otherwise specifically called for in the Specifications, uniformity of manufacture shall be maintained for similar products throughout the work. 

	2.3 Product Finishes 
	.1 Finish all cabinets, panelboards, switchboards, equipment cabinets, cable trays, etc. in ANSI 61 grey enamel unless otherwise specified. 
	.2 Apply primer on all items which are to be finished as part of the Work. 
	.3 Touch up all damaged painted finishes with matching lacquer, or, if required by the Contract Administrator, completely repaint damaged surface. 

	2.4 Non-Specific Date/Time Compliance 
	.1 All equipment, hardware, software and firmware (for the purposes of this clause, the "Product") delivered or deliverables resulting from any services provided are fully Date Compliant and the Product will not adversely or materially affect the daily business operations as a result of a date related computer problem (for the purposes of this clause, the "Warranty").  Date Compliant means that the product accurately and correctly processes and stores date/time data (including, but not limited to, calculating, comparing, displaying, recording and sequencing operations) including year, century and leap year calculations. 
	.2 Provide documentary proof of Date Compliance prior to Total Performance listing all equipment and certifying their compliance. 
	.3 Notwithstanding any other remedy available under this agreement or at law for breach of the Warranty, any product that is not Date Compliant shall, within twenty four (24) hours of receipt of notice of the breach, be repaired or replaced at the Contractor’s sole cost and expense, including parts, labour, transportation and insurance, so as to correct any failure to meet the Warranty. 


	3. EXECUTION 
	3.1 Coordination with Other Divisions 
	.1 Examine the Drawings and Specifications of all Divisions and become fully familiar with their Work.  Before commencing Work, obtain a ruling from the Contract Administrator if any conflict exists, otherwise no additional compensation will be made for any necessary adjustments. 
	.2 Lay out the work and equipment with due regard to architectural, structural, and mechanical features.  Architectural and Structural Drawings take precedence over Electrical Drawings regarding locations of walls, doors and equipment. 
	.3 Do not cut structural members without approval of the Contract Administrator. 
	.4 Coordinate with all Division installing equipment and services, and ensure that there are no conflicts. 
	.5 Install anchors, bolts, pipe sleeves, hanger inserts, etc. in ample time to prevent delays. 
	.6 Examine previously constructed work and notify the Contract Administrator of any conditions which prejudice the proper completion of this work.  Commencement of this work without such notification shall constitute acceptance of other Work. 

	3.2 Location of Outlets and Luminaires 
	.1 Electrical Drawings are, unless otherwise indicated, drawn to scale and approximate distances and dimensions may be obtained by scaling.  Figured dimensions shall govern over scaled dimensions.  Where exact dimensions and details are required, refer to Architectural and Structural Drawings. 
	.2 Outlet and equipment locations shown on the drawings are approximate.  Locations may be revised up to 3 m to suit construction and equipment arrangements without additional cost to the City, provided that the Contractor is notified prior to the installation of the outlets, or equipment. 
	.3 Maintain luminaire locations wherever possible.  Notify the Contract Administrator of conflicts with other services. 
	.4 Unless otherwise specified or shown, install products in accordance with recommendations and ratings of manufacturers. 

	3.3 Separation of Services 
	.1 Maintain separation between electrical wiring system and building piping, ductwork, etc. so that wiring system is isolated (except at approved connections to such systems) to prevent galvanic corrosion. 
	.2 In particular, contact between dissimilar metals, such as copper and aluminum, in damp or wet locations is not permitted. 
	.3 Do not support wiring from pipes, ductwork, etc.  Hangers for suspended ceilings may be used for the support of wiring only when approval is obtained from the Contract Administrator and the ceiling installer, and approved clips or hangers are used. 

	3.4 Equipment Identification 
	.1 3 mm thick plastic lamicoid name plates, black face, white core, mechanically attached with self tapping screws, 6 mm high lettering, to be attached to the front face of the following equipment:
	NAMEPLATE SIZES
	Size 1
	10 x 50 mm
	1 line
	3 mm high letters
	Size 2
	12 x 70 mm
	1 line
	5 mm high letters
	Size 3
	12 x 70 mm
	2 lines
	3 mm high letters
	Size 4
	20 x 90 mm
	1 line
	8 mm high letters
	Size 5
	20 x 90 mm
	2 lines
	5 mm high letters
	Size 6
	25 x 100 mm
	1 line
	12 mm high letters
	Size 7
	25 x 100 mm
	2 lines
	6 mm high letters
	.1 Distribution Centres (Indicate designation, bus capacity, voltage) 
	.2 MCC’s (Designation, voltage) 
	.3 Starters, contactors, Disconnects (Designation, voltage, load controlled) 
	.4 Panelboard (Designation, voltage, Bus Capacity) 
	.5 Automatic transfer switch (designation, voltage, rating) 
	.6 Terminal cabinets and pull boxes (system, voltage) 
	.7 Transformers (designation, capacity, primary, and secondary voltage) 

	.2 Colour code exposed conduits (including conduits above T-bar ceilings), junction and pull boxes, and metallic sheathed cables with paint or plastic tape (25 mm wide band) at 15 m intervals.  Colour coding to be as follows:
	.3 Provide neatly typed circuit directories in panelboards to indicate the area or equipment controlled by each branch circuit. 
	.4 All conductors shall be identifiable by coloured insulation and permanent markers at every terminal and accessible points throughout its entire run. 
	Conductors: 
	Equipment Grounding – Green 
	Neutral Conductor – White 

	.5 Install yellow plastic warning tape, 300 mm below grade, above all underground ducts. 

	3.5 Wiring to Equipment Supplied by Others 
	.1 Electrical connection to City Supplied Equipment or equipment supplied by other Divisions equipment shall be done by this Division. 

	3.6 Testing 
	.1 Refer to Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 

	3.7 Instructions to City’s Personnel 
	.1 Refer to Section 16990 – Electrical Equipment and Systems Demonstration and Instruction. 

	3.8 Access Panels 
	.1 Where electrical equipment, junction boxes, remote ballasts or the like are concealed, access panels shall be supplied.  Panels shall be of adequate size for servicing of the electrical work and complete with necessary frames and hinged doors held closed with captive fasteners.  Coordinate type and size of panels with the Contract Administrator. 
	.2 In removable ceiling areas, provide markers on ceiling tile to locate equipment requiring access.  Markers shall be of a type approved by the Contract Administrator. 

	3.9 Mounting Heights 
	.1 Unless a conflict exists, use the following as mounting heights from finished floors to centre of device. 

	3.10 Sealing of Wall and Floor Openings 
	.1 All conduit and cable entries through outside walls of buildings, through partition walls separating electrical rooms from other areas, through fire separations, and through floors above grade shall be sealed to prevent passage of moisture, dust, gasses, flame, or to maintain pressurization. 
	.2 Openings shall be sealed when all wiring entries shown on the Drawings have been completed. 
	.3 Sealing material shall be fire resistant and shall not contain any compounds which will chemically affect the wiring jacket or insulating material.  Cable penetrations through fire separations to be sealed. 

	3.11 Housekeeping Pads 
	.1 All floor mounted electrical equipment installed by this Division shall be mounted on concrete housekeeping pads which, unless otherwise noted, shall be the responsibility of the Contractor. 

	3.12 Sleeves 
	.1 Provide sleeves of galvanized steel pipe with machine cut ends of ample size to accommodate conduits passing through walls, partitions, ceilings, floors, etc. 
	.2 For wall, partitions and ceilings the ends shall be flush with the finish on both sides but for floors they shall extend 4" above finished floor level. 
	.3 The space between the sleeve and the conduit shall be filled with Dow Corning silicone RTV foam for fire stop and caulked around the top and bottom with approved permanently resilient, non-flammable and weatherproof silicone base compound and ensure that the seal is compatible with the floor and ceiling finishes. 
	.4 Locate and position sleeves exactly prior to construction of walls, floors. 
	.5 Failure to comply with the above requirements shall be remedied at this Division's expense. 

	3.13 Temporary Lighting and Power 
	.1 Provide grounded extension cords and temporary lights required for electrical work. 
	.2 Provide temporary power service as specified in E3. 
	.3 If City’s operations will be affected by any power outage required for this work, give adequate notice to the City and do not interrupt power until approval has been obtained. 
	.4 Give adequate notice to Contractor of any power outage required for this work.  Schedule outages to provide least interference with other Work. 

	3.14 Insulation Resistance Testing 
	.1 Megger circuits, feeders and equipment up to 350 V with a 500 V instrument. 
	.2 Megger 350-600 V circuits, feeders and equipment with a 1000 V instrument. 
	.3 Check resistance to ground before energizing. 
	.4 Carry out tests in presence of Contract Administrator. 
	.5 Provide instruments, meters, equipment and personnel required to conduct tests during and at conclusion of project. 
	.6 Submit test results for Contract Administrator’s review. 

	3.15 Load Balance 
	.1 Measure phase current to panelboards with normal loads (lighting) operating at time of acceptance.  Adjust branch circuit connections as required to obtain best balance of current between phases and record changes (maximum deviation of 15%). 
	.2 Measure phase voltages at loads and adjust transformer taps to within 2% of rated voltage of equipment. 
	.3 Submit, by date of Substantial Performance, report listing phase and neutral currents on panelboards, dry core transformers, and MCC’s, operating under normal load.  State hour and date at which each load was measured, and voltage at time of test. 
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	1. GENERAL 
	.1 Supply and Install all material, equipment, wiring and labour necessary for the installation of the systems detailed on the Drawings and included in the Specifications in accordance with the latest edition of the Canadian Electrical Code. 
	2. WORK INCLUDED 
	2.1 General Requirements 
	.1 General Clean-up. 
	.2 All inspection and other permits, licenses required by various Inspection Agencies and local regulations related to Electrical Trade. 
	.3 The two 66 kV transformers may be energized at separately.  Allow for two (2) transformer start-ups. 
	.4 Special testing or inspection, additional to the above as required. 
	.5 Scaffolding. 
	.6 Shop Drawings. 
	.7 Project Record Documents (As-Built Drawings) where specified. 
	.8 O&M Data, where specified. 

	2.2 Specific Requirements  
	.1 Installation of standby generators and switchgear supplied as City Supplied Equipment. 
	.2 Concrete duct banks and cabling as indicated on the Drawings. 
	.3 Supply and installation of primary cabling and ground grid for 4160/600 V Main WTP transformers.  Primary cable termination by others. 
	.4 Supply and installation of 600 V, 120/208 V power distribution including transformers panelboards, breakers, grounding and lighting in Electrical building. 
	.5 Supply and installation of 600 V, 120/208 V power distribution including transformers panelboards, breakers, grounding and lighting in Clearwell Inlet building. 
	.6 Supply and installation of 600 V, 120/240 V power distribution including transformers panelboards, breakers, grounding and lighting in two (2) valve chamber buildings. 
	.7 Provide all lighting, lighting controls and general power as specified herein and indicated on the Drawings. 
	.8 Provide electrical services to the mechanical equipment as specified in Divisions 15 and 16 and as indicated on Drawings. 
	.9 Provide all cabling required to make a complete and operational facility. 
	.10 Provide complete Fire Alarm Systems for the Generator/Electrical building and Clearwell Inlet building as specified herein and indicated on the Drawings.  Systems shall be interconnected by fiber optic cables and shall provide communication to WTP system. 
	.11 Provide a conduit stubouts at door frames for future door alarm contacts. 
	Cables and bus support systems which are intended to enclose or support all forms of electrical conductors used for any purpose covered by this scope.  This includes cable trays, raceways and all forms of rigid, flexible, metallic and non-metallic conduit, and including conduit for communication systems or others, which may be installed at a later date, or buried conduit for wiring work by others, only when such buried conduit is indicated in the Contract Documents. 
	.13 Control panels associated with any electrical equipment covered under this Section of Work. 
	.14 Grounding systems, as required by the Manitoba Electrical Code, or as otherwise specified. 
	.15 Motor starters of all types and for all types of applications, including combination starters, multi-speed, sequential, reversing operations, etc., unless part of Mechanical Equipment. 
	.16 Transformers of various types, dry, liquid filled, encapsulated etc., and for all applications, except control transformers supplied with Mechanical Equipment included in Division 15. 
	.17 Generators, 5 kV Switchgear and associated equipment will be supplied by the City.  The Contractor shall install the generator/switchgear and associated equipment according to the installation instructions and guidelines as provided by the generator/switchgear manufacturer.  Shop Drawings for the generator/switchgear and associated equipment supplied by the City are available as specified in D2 




	16106.doc
	GENERAL 
	1.1 Related Work 
	.1 Division 3, Concrete 

	2. PRODUCTS 
	2.1 Cable Protection 
	.1 Concrete encased duct bank. 

	Markers 
	.1 Concrete type cable markers:  600 x 600 x 100 mm with words:  “cable”, “joint” or “conduit” impressed in top surface, with arrows to indicate change in direction of cable and duct runs. 


	3. EXECUTION 
	3.1 Direct Burial of Cables 
	.1 After sand bed is in place, lay cables maintaining 75 mm clearance from each side of trench to nearest cable.  Do not pull cable into trench. 
	.2 Provide offsets for thermal action and minor earth movements.  Offset cables 150 mm for each 60 m run, maintaining minimum cable separation and bending radius requirements. 
	 Underground cable splices not acceptable. 
	.4 Minimum permitted radius at cable bends for rubber, plastic or lead covered cables, 8 times diameter of cable; for metallic armoured cables, 12 times diameter of cables or in accordance with manufacturer’s instructions. 
	.5 Maintain 75 mm minimum separation between cables of different circuits.  Maintain 300 mm horizontal separation between low and high voltage cables.  When low voltage cables cross high voltage cables maintain 300 mm vertical separation with low voltage cables in upper position.  At crossover, maintain 75 mm minimum vertical separation between low voltage cables and 150 mm between high voltage cables.  Maintain 300 mm minimum lateral and vertical separation for fire alarm and control, cables when crossing other cables, with fire alarm and control cables in upper position.  Install treated planks on lower cables 0.6 m in each direction at crossings. 
	.6 After sand protective cover is in place, install continuous row of concrete patio blocks as indicated to cover width and length of run. 

	3.2 Cable Installation in Ducts 
	.1 Install cables as indicated on Drawings in ducts. 
	.2 Do not pull spliced cables inside ducts. 
	.3 Install multiple cables in duct simultaneously. 
	.4 Use CSA approved lubricants of type compatible with cable jacket to reduce pulling tension. 
	.5 To facilitate matching of colour coded multiconductor control cables reel off in same direction during installation. 
	.6 Before pulling cable into ducts and until cables properly terminated, seal ends of lead covered cable with wiping solder; seal ends of non-leaded cables with moisture seal tape. 
	.7 After installation of cables, seal duct ends with duct sealing compound. 

	3.3 Markers 
	.1 Mark cable every 150 m along cable or duct runs and changes in direction. 
	.2 Where markers are removed to permit installation of additional cables, reinstall existing markers. 
	Lay concrete markers flat and centered over cable with top flush with finish grade. 

	3.4 Field Quality Control 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 
	.2 Perform tests using qualified personnel.  Provide necessary instruments and equipment. 
	.3 Check phase rotation and identify each phase conductor of each feeder. 
	.4 Check each feeder for continuity, short circuits and grounds.  Ensure resistance to ground of circuits is not less than 50 megohms. 
	.5 Pre-acceptance test. 
	.1 After installing cable but before splicing and terminating, perform insulation resistance test with 1000 V megger on each phase conductor. 
	.2 Check insulation resistance after each splice and/or termination to ensure that cable system is ready for acceptance testing. 

	.6 Acceptance Tests 
	.1 Ensure that terminations and accessory equipment are disconnected. 
	.2 Ground shields, ground wires, metallic armour and conductors not under test. 
	.3 High Potential (Hipot) Testing. 
	.1 Conduct hipot testing at 200% of original factory test voltage in accordance with manufacturer’s or IPCEA recommendations. 

	Leakage Current Testing. 
	.1 Raise voltage in steps from zero to maximum values as specified by IPCEA or manufacturer for type of cable being tested. 
	.2 Hold maximum voltage for specified time period by IPCEA or manufacturer. 
	.3 Record leakage current at each step. 

	.5 Provide Contract Administrator with list of test results showing location at which each test was made, circuit tested and result of each test. 
	.6 Remove and replace entire length of cable if cable fails to meet any of test criteria. 





	16111.doc
	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install a complete system of conduit and fittings for installation of wiring. 

	2. PRODUCTS 
	2.1 Rigid Steel Conduit 
	.1 Galvanized with threaded joints and connections. 
	.2 Connections in dry locations:  steel or malleable iron locknuts inside and outside enclosures.  Insulated bushings Thomas & Betts Series 222 or approved equal. 
	.3 Connectors subjected to moisture interior and exterior:  liquid and dust tight with insulated throat, Thomas & Betts "Bullet Hub" 370 Series or approved equal. 
	.4 Fittings:  cast metal "Condulet" as manufactured by Crouse Hinds Canada Ltd. including gasketted covers in damp locations. 
	.5 Expansion joints:  cast metal Crouse-Hinds type XJ or approved equal. 

	2.2 E.M.T. Conduit 
	.1 Fittings in dry locations:  Steel or zinc set screw connectors with insulated throat.  Steel or zinc set screw couplings. 
	.2 Fittings in wet locations:  steel rain-tite connectors with insulated throat.  Steel rain tite couplings. 

	2.3 Rigid PVC Conduit 
	.1 Conduit:  rigid non metallic conduit of unplasticized PVC as manufactured IPEX. "Sceptre" Schedule 40. 
	.2 Fittings:  threaded male or female solvent weld connectors and solvent weld couplings, as supplied by conduit manufacturer. 
	.3 Solvent:  as recommended by conduit manufacturer. 

	2.4 Flexible Conduit 
	.1 Connectors:  slip proof, insulated throat or non-metallic bushings, steel, Thomas & Betts Ltd. "Tite Bite", Series 300. 

	2.5 Rigid PVC Duct 
	.1 Duct:  Rigid non-metallic conduit of unplasticized PVC Type DB-2, conforming to CSA Standard. 
	.2 Accessories:  Bell ends, couplings, adapters, bends and other fittings of same material as duct.  Use solvent recommended by manufacturer.  Horizontal, vertical and foundation spacers as manufactured by Pilgrim Products Ltd. 

	2.6 Liquid Tight Flexible Conduit 
	.1 Conduit:  flexible metal conduit with liquid tight PVC jacket.  Industrial Wire & Cable "Liquiseal". 
	.2 Connectors:  captive sealing jacket and ground cone insulated throat, steel (Thomas & Betts Ltd. "Super Tight", Series 6000). 

	2.7 Zinc Fittings 
	.1 Connectors and couplings to be manufactured of No. 3A alloy conforming to ASTM designation B.240 as manufactured by Regal Manufacturing. 


	3. EXECUTION 
	3.1 Rigid Steel Conduit 
	.1 Use as raceways for following applications: 
	.1 In all areas exposed to weather. 
	.2 Locations where mechanical damage may occur and in mechanical rooms to a height of 1 m. 
	.3 Three phase motor wiring (Teck cable may also be used for this application where shown on the drawings). 


	3.2 E.M.T. Conduit 
	.1 Use as raceways for following applications: 
	.1 In surface and concealed areas or in poured concrete above ground level. 

	.2 It may not be used in damp locations, corrosive atmosphere, underground, outdoors, nor in areas exposed to mechanical damage. 

	3.3 Rigid PVC Conduit 
	.1 Use as raceways for following applications 
	.1 In poured concrete floors and walls and on underground runs exterior to the buildings unless otherwise noted. 
	.2 Wiring installed in areas subject to intermittent or continuous moisture but not surface mounted. 
	.3 Rigid PVC conduit shall not be surface mounted. 

	.2 Use strictly in accordance with the Canadian Electrical Code.  Do not use in return air plenums and for exit and fire escape lights. 
	.3 Provide insulated ground wire in all rigid PVC conduits in accordance with the Canadian Electrical Code. 
	.4 Where rigid PVC conduit is set in poured concrete, solvent joints must be completed and allowed to set as per manufacturer's instructions. 
	.5 Bend rigid conduit in strict accordance with manufacturer's directions.  Distorted bends will not be accepted. 

	3.4 Flexible Conduit 
	.1 Use as raceways for following applications: 
	.1 Connections to fhp motors in dry locations. 
	.2 Flexible connections to luminaires. 

	.2 Provide a separate insulated ground wire in all flexible conduits.   

	3.5 Rigid PVC Duct 
	.1 Provide a separate green insulated copper ground wire in all ducts sized as required by the Code. 
	.2 Arrange ducts in a horizontal layer separated by plastic spacers to provide spacing between duct centres, as shown on the Drawings. 
	.3 Support duct bank on plastic spacers to maintain 190 mm center to center spacing of ducts.  Foundation spacers to maintain at least 200 mm clearance between ducts and exterior coverage. 
	.4 Make joints with tapered couplings to provide a secure watertight connection.  Stagger all joints to provide 200 mm vertical and horizontal clearance between adjacent couplings.  Where needed, use factory bends to provide bends of radius required. 
	.5 When all ducts are installed, brace whole assembly at each spacer group to prevent duct floating when concrete is placed. 
	.6 Terminate ducts with standard bell ends where ducts enter cable pits, junction boxes and building interiors. 
	.7 Cap ends of unused ducts with plug ends of same material as ducts. 
	.8 Seal all joints in ducts with solvent cement. 
	.9 Install Roxtek seals inside conduits where ducts enter cable pits, junction boxes and building interiors  

	3.6 Liquid Tight Flexible Conduit 
	.1 Use as raceways for following applications: 
	.1 At all motors, pipe mounted control devices, and other devices subject to movement or water. 

	.2 At all motors provide a short length before connecting to the motor terminal box.  Minimum length shall be 450 mm plus 4 times the conduit diameter. 
	.3 Provide a separate ground wire within flexible conduit, bonded to motor frames and system ground. 

	3.7 Corrosion Control (Special Application) 
	.1 In wet locations as pool and pool mechanical rooms and pool service tunnel fittings, outlet boxes, junction boxes, rack members, clamps and fasteners shall be zinc or cadmium plated.  All threads shall be completely coated. 
	.2 In the pool and basement areas all exposed conduit, couplings and straps shall be corrosion resistant epoxy-polyester coated Columbex Green Guard II or equivalent. 
	.3 Use a different colour of coating for control, power and lighting. 

	3.8 Workmanship 
	.1 Install all conduit and wiring concealed, unless otherwise shown on the drawings.  Do not recess conduit in columns, except as noted, without permission. 
	.2 Where conduit is run exposed, run parallel to building lines.  Where conduits are grouped (two or more), space evenly, make bends concentric and mount on Unistrut racks. 
	.3 Lay out conduit to avoid interference with other Work.  Maintain a minimum clearance of 150 mm from steam or hot water piping, vents, etc. 
	.4 Slabs on grade:  Install rigid PVC conduit in the gravel base below concrete slabs.  Provide mechanical protection around stub-ups through slab and extend 150 mm beyond concrete.  When rigid steel conduit is installed in contact with earth it shall be protected by Polykin #940 tape.  Extend taping 300 mm above finished grade. 
	.5 Metal conduit installations in concrete pours:  Tie down conduit to prevent shifting.  All joints are to be made up tight to ensure ground continuity.  To prevent concrete entry, seal EMT set screw fittings with tape, pack outlet boxes and cap conduit terminations both in boxes and stub-ups.  Apply Polykin #940 tape to the conduit 152 mm both sides of the point of leaving slab. 
	.6 Do not place conduit in concrete slabs in which slab thickness is less than four times conduit diameter.  Place conduits larger than this size under floor.  Conduits to have minimum 25 mm concrete cover. 
	.7 Organize conduit in slabs to minimize crossovers.  Obtain approval and minimum concrete cover required from the Contract Administrator prior to installing conduits in slabs. 
	.8 At all recessed panels cap 2 to 25 mm and 4 to 19 mm empty conduits from panel into ceiling above and below for future use. 
	.9 Provide Brady underground warning tapes 300 mm below grade above all underground conduits.  Tape shall be yellow warning tape, 150 mm wide. 
	.10 Where conduits or ducts enter or exit concrete structures below grade provide 16 mm x 1500 mm steel reinforcing dowels to prevent shearing.  Extend dowel 1000 mm beyond concrete and band conduit to dowel.  The first 3 m length of conduit extending from the structure to be Polykin wrapped rigid steel. 
	.11 Where conduit is installed in floor slabs to run up at equipment or motors, carefully check all conduit locations.  Verify conduit locations for mechanical equipment from shop drawings or detail drawings.  Brace all stub-ups.  Stub-ups shall be rigid steel. 
	.12 Where steel conduit is required to be bent, do not heat, and do not bend conduit in such a way as to reduce pipe cross section area at any point.  Radii of bends shall be as per Canadian Electrical Code. 
	.13 For all runs of conduits, do not include more than equivalent of four   quarter bends.  Provide conduit fittings, pullboxes and junction boxes where necessary.  Pulling elbows shall not be used except by special permission.  
	.14 Where possible, install conduits so that they are not trapped, cap turned up conduits to prevent the entrance of dirt of moisture during construction.  Swab out conduit and thoroughly clean internally before wires and cables are pulled. 
	.15 Take extreme care in reaming ends of all conduit to ensure a smooth interior finish that will not damage the insulation of the wires. 
	.16 Use insulated non-metallic bushings on all conduit terminations. 
	.17 Ensure electrical continuity in all conduit systems. 
	.18 All conduit shown exposed in finished areas is to be free of unnecessary labels and trade marks. 
	.19 Install a 40 kg test line in all conduits left under the Contract including those which others will pull cables, wires, etc. 
	.20 Conduits and ducts crossing building expansion joints shall have conduit expansion fittings to suit the type of conduit used, and shall be Crouse-Hinds, Scepter, or approved fitting. 
	.21 Seal conduits with duct seal where conduits are run between heated and unheated areas.  Where conduits, cables, or cable trays pierce fire separations, seal openings with Dow Corning 3-6548 sealant or approved equal. 
	.22 Where conduits pass through walls, they shall be grouped and installed through openings.  After all conduits shown on the drawings are installed, wall openings shall be closed with material compatible with the wall construction.  Review size and quantity of conduit sleeves with the Contract Administrator. 
	.23 Where drawings show conduit designations, these conduits shall be identified at each point of termination with Thomas & Betts "Ty-Rap" No. TY532M labels. 
	.24 Where conduit finish is damaged, repair or replace. 
	.25 Use "Condulet" fittings for power and telephone type conduit terminations in lieu of boxes where support is not provided. 
	.26 All branch circuit wiring, home-runs, communication and data to be minimum 20 mm diameter unless otherwise stated. 
	.27 Provide necessary flashing and pitch pockets, making watertight joints where conduits pass through roof or watertight membranes. 
	.28 Where panelboard branch circuit conduits are amalgamated, size shall not exceed 25 mm diameter. 
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	1. GENERAL 
	1.1 Description 
	.1 Provide a complete system of cable trays as shown on the Drawings complete with all supports and hangers and seismic bracing necessary for the installation. 
	.2 Coordinate the location of the support channels so as not to interfere with other services. 

	1.2 Shop Drawings and Product Data 
	.1 Submit Shop Drawings and product data in accordance with Section 01300 – Submittals. 
	.2 Indicate various types of cabletroughs with terminology used in Part 2. 
	.3 Prior to construction, submit design drawings and calculations indicating all tray loading and seismic support designs have been reviewed by and bear the stamp of a Professional Engineer registered in the Province of Manitoba. 

	2. PRODUCTS 
	2.1 Cabletray 
	.1 All power trays shall be rigid aluminum ladder type, Class E to CSA C22.2 No. 126 with 300 mm rung spacing, 150 mm side rails and width as indicated on Drawings.   
	.2 All I&C trays to be rigid aluminum ventilated, Class E to CSA C22.2 No. 126, 150 mm side rails and width as indicated on Drawings.  
	.3 Horizontal 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. 
	.4 Provide stainless steel rod hanger clamps, rod hangers, wall mounting support brackets and all necessary accessories for complete installation. 
	.5 Barriers where different voltage systems or electrical systems are in the same cabletrough, or as indicated. 
	.6 Approved manufacturers:  Pilgrim, Unitray, B-Line, Comtray, Canstrut, ElectroTray. 
	.7 Unless otherwise approved by the Contract Administrator, provide cabletrays of the same manufacturer throughout the Work 

	2.2 Supports 
	.1 Provide stainless steel rod hangers, rod hanger clamps and accessories as required. 
	.2 Wall mounted support brackets: Provide aluminum channel strut supports mounted vertically in concrete wall complete with mounting brackets sized to suit cabletray width and loading. 


	3. EXECUTION 
	3.1 Installation 
	.1 Suspend cabletrays on rod hangers and hanger clamps or channels spaced as required by loading classification rating and not more than 3000 mm on centers.  Fasten hangers to channels securely mounted to the structure and provide seismic restraint as required. 
	.2 Install trays and raceways generally as indicated on Drawings.  Coordinate this Work with the other trades to ensure adequate horizontal and vertical clearances. 
	.3 Provide minimum vertical clearance above the trays as indicated on the Drawings.   
	.4 Provide minimum 600 mm horizontal clearance on one side of cabletray throughout. 
	.5 All trays are shown diagrammatically on the Drawings.  Determine the exact location in the field.  Install tray runs to prevent interference with process or service piping and ducting and to maintain clearance for tray access.  Coordinate the exact location of tray supports and runs with the work of other Divisions.  The electrical building crawl space requires extensive cable trays.  Refer to the Drawings and isometric views to identify the multiple vertical layer of trays required.  
	.6 Do not install tray routes and tray supports until the location of same has been reviewed by the Contract Administrator. 
	.7 Install tray systems in such a manner as to conserve head-room and minimize the use of free space through which they pass.  Maintain a minimum 2100 mm clear head-room wherever possible. 
	.8 Run trays parallel to building lines unless otherwise shown on the Drawings.  A tray in tunnel areas to run parallel with the ceiling lines as the floor is graded for drainage.  Where two or more trays run the same route, make parallel and ensure offsets and bends are uniform. 
	.9 When the ends on Unistrut type shelf brackets are below 2100 mm AFF in a walking area, cut flush with tray.  Permanently cap the end of Unistruts, etc. with plastic caps.  Suitably protect sharp corners and edges of tray to prevent personal hazard. 
	.10 Use beam clamps to fasten support systems to structural steel.  Do not weld, drill or cut structural steel without approval by the Contract Administrator. 
	.11 Where hanger rods are used, use stainless steel and not be smaller than 12 mm in diameter. 
	.12 Extend a stranded #2/0 tin plated bare copper ground conductor the length of each power tray route, and solidly connect sections of tray runs to the ground bus of the electrical room.  Connect ground conductor to tray every 15 m with approved grounding clamps.  Provide a #6 tin plated copper ground conductor in the instrumentation trays, or where instrumentation tray runs are parallel to power tray, bond instrumentation tray to power tray ground every 15 m. 
	.13 Generally run cables of different voltage classes in separate trays.  Where a common tray is shown on Drawings, separate the cables for different voltage classes from each other by metal barriers as supplied by the tray Manufacturer. 
	.14 Check all trays for surface smoothness prior to installation and remove all burrs, ridges, etc. on tray surfaces facing cables. 
	.15 Size cabletrays as indicated on Drawings.  If any discrepancies are found or changes in tray size are required, advise the Contract Administrator before installing the tray. 

	3.2 Cables in Cabletray 
	.1 Install cables individually. 
	.2 Lay cables into cabletray.  Use rollers when necessary to pull cables. 
	.3 Secure cables in cabletrough at 5 m centers, with nylon ties. 
	.4 Identify cables with nameplates in accordance with Section 16010 – Electrical General Requirements. 
	.5 Mark power and communication runs in accordance with colour coding outlined in Section 16010 – Electrical General Requirements. 
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	1. GENERAL 
	1.1 Description 
	.1 Complete supply, installation and termination of 4160 V power cables with 8 kV insulation rating. 

	1.2 Codes and Standards 
	.1 Insulated cables to CSA C22.2 No. 38, CSA C68.3,  ICEA T-29-520, and ICEA T-30-520 

	2. PRODUCTS 
	.1 Armoured Cables.  
	.1 The Armoured Cables shall have the following characteristics: 
	.1 Approved by CSA or other recognized Certification Organization in Canada.  
	.2 Three soft drawn, bare, Class B compact or compressed stranded copper conductors sized as indicated per ASTM.  
	.3 Conductor Shield: Extruded thermosetting semiconducting shield which is free stripping from the conductor and bonded to the insulation.  
	.4 Insulation Rating: 90°C rating, 133% insulation level. 
	.5 Insulation Shield: Extruded thermosetting semiconducting shield with controlled adhesion to the insulation providing the required balance between electrical integrity and ease of stripping.  
	.6 Metallic Shield: Helically applied non-magnetic uncoated copper tape over the insulation shield with a maximum 15% gap. 
	.7 Assembly: Three conductors shall be twisted together with fillers and soft drawn, bare copper bonding conductors and covered with a binder tape 
	.8 Sunlight resistant PVC jacket tightly applied over the binder tape 
	.9 Flexible AIA applied over the inner jacket for mechanical protection. 
	.10 Low-temperature, sunlight-resistant PVC jacket applied over the armour. 
	.11 Short circuit rating 60 kA, 1 cycle; 14 kA, 30 cycles. 
	.12 90°C normal, 130°C emergency rating, 250°C short circuit rating. 

	.2 The Armoured Cables shall be Prysmian 8kV 3/C Armortek or approved equal.  

	.2 Non-Armoured Cables  
	.1 Site Distribution Conductors are defined as medium voltage conductors between 5 kV switchgears in the main electrical room, generator conductors, and conductors to other buildings as indicated on Drawings.  
	.2 The Site Distribution Conductors shall have the following characteristics: 
	.1 Approved by CSA or other recognized Certification Organization in Canada. 
	.2 Three soft drawn, bare, Class B compact or compressed stranded copper conductors sized as indicated per ASTM. 
	.3 Conductor Shield: Extruded thermosetting semiconducting shield which is free stripping from the conductor and bonded to the insulation. 
	.4 Insulation Rating: 90°C rating, 133% insulation level. 
	.5 Insulation Shield: Extruded thermosetting semiconducting shield with controlled adhesion to the insulation providing the required balance between electrical integrity and ease of stripping. 
	.6 Metallic Shield: Helically applied non-magnetic uncoated copper tape over the insulation shield with a maximum 15% gap. 
	.7 Assembly: Phase identified shielded conductors cabled with fillers forming a firm and cylindrical cable core. A binder tape is applied to maintain core symmetry and mechanical stability. 
	.8 Black sunlight resistant PVC jacket tightly applied over the binder tape. 
	.9 Short circuit rating 60 kA, 1 cycle; 14 kA, 30 cycles. 
	.10 90°C normal, 130°C emergency rating, 250°C short circuit rating. 

	.3 The Non-Armoured cables shall be Prysmian 8 kV 3/C Power CSA cables suitable for cable tray and UG duct installation or approved equal.  


	2.2 Termination 
	.1 Coldapplied, silicone rubber termination qualified to IEEE 48-1996, designed for indoor and outdoor applications 
	.2 Use silicone molded skirts on outdoor applications 
	.3 Prysmain Elasticfit, or approved equal 


	3. EXECUTION 
	3.1 Cables General 
	.1 Do not splice cables.  A continuous length is required for all feeds. 
	.2 Submit certified Manufacturer's data sheets. 

	3.2 Receiving/Handling Cable 
	.1 Visually inspect cable reels for any damage that may have occurred in transit. 
	.2 Visually check each reel to insure that it has the proper tags and labels as described in the Specifications. 
	.3 Handling of Cable Reels. When moving cable reels, care should be taken to insure that material handling equipment does not come in contact with cable surfaces or with protective covering on the reel. Under no circumstances should cable reels be dropped from any height, or be allowed to roll uncontrolled. 
	.4 Storage of Cable Reels. Where possible, cable reels are to be stored indoors on a hard, dry surface to prevent deterioration of the reels and possible ingress of moisture into the cables. Cable reels stored outdoors must be supported off the ground and covered with a suitable weatherproof material. 

	3.3 Installation 
	.1 Install in accordance with Manufacturer's recommendations, observing requirements for minimum bending radius and pulling tensions. 
	.2 Clearing Duct. Using a plug approximately the same diameter as the inside of the duct, clear all burrs and obstructions in the duct or conduit by pulling the plug through the structure. Follow with a wire brush and swab to clean and remove foreign matter from the duct. 
	.3 Rack/Trays. Check the entire path that the cable will follow during pulling to make sure that the cable will ride free and clear of all obstructions, sharp edges or projections which might cause it to jam or be damaged in passage. 
	.4 Cable Pulling and Cable Guides. To avoid abrasion and damage of the cable jacket when guiding the cable from the reel to the duct mouth or trench, all guides shall be in the form of large diameter, smooth-surfaced, free-turning sheaves or rollers. 
	.5 Maximum Pulling Tensions. Pulling tensions for installing electrical cables should be maintained as low as possible to prevent damage to the cable. Follow Manufacturer recommendation. 
	.6 Consideration for Metallic Armoured Cables. Cable armours and concentrically applied grounding conductors shall be bonded and grounded at the supply end only and thereafter isolated from ground and each other. Installing cables in individual ducts of insulating material, by using cables jacketed with PVC or other insulating material, or mounting cables on insulated supports, may attain isolation. 

	3.4 Terminations 
	.1 Follow manufacture’s recommended installation procedures. 
	.2 Remove the insulation to fit the connector. Avoid nicking the conductor strands. Remove enough insulation to allow crimp connectors to “grow” without pushing into insulation. Follow connector Manufacturer’s instructions for use of oxide inhibiting compounds, crimp tools, dies, etc. 
	.3 Thoroughly read Manufacturer’s instructions before beginning installation, taking note of any special requirements. Make sure that the dimensions for cable prep are for the appropriate voltage class. Make sure that the connectors used are appropriate for the application (suitable for use on copper, sealed lugs if outdoor, length, tapered, if required, etc.) and that the proper crimp tool (and dies, if needed) is available. 
	.4 Clean the cable jackets to the specified distance. To eliminate the risk of damaging the underlying metallic shield, do not cut completely through the jacket. Instead, ring cut through at least 50% of the material and tear off the remainder. 
	.5 Metallic Shields. Remove the metallic shield to the specified distance. Consult instructions prior to bundling. 
	.6 Semiconductive Layer. Remove the extruded semiconductive layer. Any nick through this layer into the insulation shall be sanded out or discharge will occur and could lead to failure. 
	.7 Cleaning Solvents.  Solvents should be used with lint-free cloths. Do not pour solvents directly onto cable insulation. Read solvent manufacturer’s instructions thoroughly. 
	.8 Install compression connectors using tools provided by the connector Manufacturer in accordance with the Manufacturer's recommendations. 

	3.5 Tests 
	.1 The electrical contractor is to test cables prior to energization, as follows: 
	.1 Megger 
	.2 Highpot 
	.3 25 kV DC ICEA 
	.4 Radar scan shield test 





	16122.doc
	1. GENERAL 
	1.1 Work Included 
	.1 Provide a complete system of wiring, making all connections necessary for the installation shown on Drawings. 

	1.2 References, Codes and Standards 
	.1 CSA C22.2 No. 0.3, Test Methods for Electrical Wires and Cables. 
	.2 Install and rate power cables in accordance with the Canadian Electrical Code requirements or in accordance with ICEA requirements where permissible. 

	1.3 Product Data 
	.1 Submit product data in accordance with Section 16010 – Electrical General Requirements. 

	2. PRODUCTS 
	2.1 Building Wires 
	.1 Minimum conductor size #12 AWG  
	.2 Conductors:  stranded for 10 AWG and larger.  Minimum size:  12 AWG. 
	Copper conductors: size as indicated, with 600 V insulation of chemically XLPE material rated RW90. 

	2.2 Teck Cable 
	.1 Minimum conductor size #12 AWG  
	Conductors: 
	.1 Grounding conductor: copper. 
	.2 Circuit conductors: copper, size as indicated. 

	.3 Insulation: 
	Chemically cross-linked thermosetting polyethylene rated type RW90, 600 V. 

	.4 Inner jacket: PVC material. 
	.5 Armour: interlocking aluminum. 
	Overall covering: thermoplastic polyvinyl chloride material. 
	.7 Fastenings: 
	.1 One hole malleable iron straps to secure surface cables 50 mm and smaller. Two hole steel straps for cables larger than 50 mm. 
	.2 Channel type supports for two or more cables at 1500 mm centers. 
	.3 Six mm diameter threaded rods to support suspended channels. 

	.8 Connectors: 
	Watertight approved for TECK cable. 


	2.3 Control Cables 
	.1 Type LVT: 2 soft annealed copper conductors, sized as indicated, with thermoplastic insulation, and outer covering of thermoplastic jacket. 
	Low energy 300 V control cable: solid stranded annealed copper conductors sized as indicated, with PVC insulation type TW with shielding of wire braid  over each pair and overall covering of PVC jackets. 
	.3 600 V type:  stranded annealed copper conductors, sizes as indicated with PVC insulation type R90, XLPE type with shielding of wire braid each pair of conductors and overall covering of thermoplastic jacket interlocked armour and jacket over sheath of PVC. 

	2.4 Luminaire Wire 
	.1 Type TEW:  Copper conductors, #14 AWG, with thermoplastic and asbestos insulation, flame retardant, heat and moisture resistant, rated 600 V, 105oC. 


	3. EXECUTION 
	3.1 Installation of Building Wires 
	.1 Install wiring as follows: 
	.1 In conduit systems in accordance with Section 16111 – Conduits, Conduit Fastenings and Conduit Fittings. 
	.2 In trenches in accordance with Section 16106 – Installation of Cables in Trenches and in Ducts. 


	3.2 Installation of Teck Cable 0 - 1000 V 
	.1 Install cables. 
	.2 Group cables wherever possible on channels. 
	.3 Install cable in trenches in accordance with Section 16106 – Installation of Cables in Trenches and in Ducts. 
	.4 Terminate cables in accordance with Section 16151 - Wire and Box Connectors. 

	3.3 Installation of Aluminum Sheathed Cable 
	.1 Group cables wherever possible on channels. 
	.2 Install cable in trenches in accordance with Section 16106 – Installation of Cables in Trenches and in Ducts. 
	.3 Lay cable in cabletroughs in accordance with Section 16114 – Cable Trays. 
	.4 Terminate cables in accordance with Section 16151 – Wire and Box Connectors. 

	3.4 Installation of Control Cables 
	.1 Install control cables in conduit, underground ducts or by direct burial. 
	.2 Ground control cable shield. 

	3.5 Installation of Luminaire Wire 
	.1 Run wires from outlet boxes through luminaire raceways, splice and connect in raceways.  Connect continuous rows of luminaires to circuit without breaking conductors. 

	3.6 Workmanship 
	.1 Before pulling wire, ensure conduit is dry and clean.  If moisture is present, thoroughly dry out conduits; vacuum if necessary.  To facilitate pulling, recognized specially manufactured wire pulling lubricants may be used.  Do not use grease.  Employ suitable techniques to prevent damage to wire when ambient temperature is below the minimum permitted for each insulation type.  Do not pull wires into incomplete conduit runs. 
	.2 Installation to be free of opens and grounds.  Before energization, measure insulation resistance and comply with the Canadian Electrical Code.  Submit data sheet with values measured. 
	.3 Do not install any conductor smaller than #12 AWG, except where specifically indicated otherwise, i.e. for fire alarm system station circuits, P.A. wiring, etc. 
	.4 Provide sizes of conductors as shown on Drawings.  Voltage drop from lighting panels to farthest outlet must not exceed 2% at full load in any case.  Advise   Contract Administrator if problem is foreseen. 
	.5 Exercise care in stripping insulation from wire.  Do not nick conductors. 

	3.7 Identification, Coding and Balancing 
	.1 For branch circuit wiring, follow identification system shown on the Drawings and as specified in Section 16010 – Electrical General Requirements. 
	.2 Connect single phase equipment to minimize imbalance on feeders.  Adjust branch circuiting shown as required for optimum balancing.  Record all changes on "record" drawings. 
	.3 Colour code all feeders at all terminations, at all points where taps are made, and at all panelboards, switchboards, motor control centres, etc.  Use two wraps of 3M #471 plastic film tape 48 mm wide. 
	.4 Conductors sized No. 10 and smaller are required to be factory coloured, not taped on Site. 
	.5 For direct current wiring use red for positive and black for negative. 

	3.8 Testing 
	.1 All power and control wiring shall be tested for insulation resistance value with a 1000 V megger.  Resistance values shall be as recommended by the cable manufacturer. 
	.2 All wire test results shall be properly tabulated, signed, dated, and submitted to the  Contract Administrator.  
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	1. GENERAL 
	1.1 Work Included 
	.1 Provide a complete system of splitters, junction boxes, pull boxes and cabinets for the installation of wiring and equipment. 

	1.2 Shop Drawings and Product Data 
	.1 Submit Shop Drawings and product data for cabinets in accordance with Section 16010 – Electrical General Requirements. 

	PRODUCTS 
	2.1 Junction Boxes and Pull Boxes, Weatherproof 
	.1 Materials: 
	.1 Cast steel, Crouse Hinds, WBJ Series. 


	2.2 Junction Boxes and Pull Boxes, Indoor Dry Locations 
	.1 Materials: 
	.1 Code gauge sheet steel, welded construction, phosphatized and factory paint finish. 

	.2 Components: 
	.1 For flush mounting, covers to overlap box by 25 mm minimum all around with flush head cover retaining screws. 
	.2 Use rolled edges for surface boxes. 

	.3 Junction boxes mounted in exterior walls shall be complete with box vapour barriers. 

	2.3 Cabinets 
	.1 Materials: 
	.1 Cabinets: Code gauge sheet steel, welded construction, phosphatized and factory paint finish, suitable for field painting. 
	.2 Locks:  to match panelboards. 
	.3 Mounting: Galvanized U channel, secured to structure and cabinet, at top and bottom of cabinet. 

	.2 Components: 
	.1 With hinged door and return flange overlapping sides, with handle, lock and catch for surface mounting, size as indicated or to suit. 
	.2 Surface or flush with trim and hinged door, latch and lock and two keys, size as indicated or to suit.  Keyed to match panelboard keys. 


	2.4 Splitters 
	.1 Materials: 
	.1 Code gauge sheet steel, welded construction, phosphatized and factory paint finish. 

	.2 Components: 
	.1 Formed hinged cover suitable for locking in the closed position. 
	.2 Main and branch lugs to match required size and number of incoming and outgoing conductors as indicated. 
	.3 At least three spare terminals on each set of lugs in splitters less than 400 AMP. 



	3. EXECUTION 
	3.1 Installation 
	.1 Junction Boxes and Pull Boxes: 
	.1 Supply all pull boxes and junction boxes shown on the drawings or required for the installation. 
	.2 Identify with system name and circuit designation as applicable. 
	.3 Size in accordance with the Canadian Electrical Code, as a minimum. 

	.2 Cabinets: 
	.1 Mount cabinets with top not greater than 1980 mm above finished floor, coordinated with masonry, panelboards, fire hose cabinets and similar items.  Securely fasten backboards to cabinet interiors. 
	.2 Install terminal block where indicated. 

	.3 Splitters 
	.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. 

	.4 Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
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	1. GENERAL 
	Work Included 
	.1 Provide a complete system of boxes for the installation of wiring and equipment. 

	1.2 References 
	.1 CSA C22.1-Canadian Electrical Codes, Part 1. 

	2. PRODUCTS 
	2.1 Outlet and Conduit Boxes General 
	.1 Size boxes in accordance with CSA C22.1. 
	.2 102 mm square or larger outlet boxes as required for special devices. 
	.3 Gang boxes where wiring devices are grouped. 
	.4 Blank cover plates for boxes without wiring devices. 
	.5 Combination boxes with barriers where outlets for more than one system are grouped. 

	2.2 Outlet Boxes for Metal Conduit 
	.1 Materials: 
	.1 Surface or recessed concealed type:  Die formed steel, hot dip galvanized, 3.95g/m2 minimum zinc coating. 
	.2 Surface mounting exposed:  Cast ferrous for threaded conduit, with attached lugs, corrosion resistant two coats finish. 

	.2 Components: 
	.1 Outlets boxes, mounted on concrete: 
	.1 Wall outlets, surface, exposed mounting or used for outdoor outlets:  One or more gang, Crouse-Hinds FS series or FD series, condulet. 
	.2 Covers:  Unless wiring devices and plates are mounted, provide blank canopy covers to match boxes. 



	2.3 Outlet Boxes for Rigid PVC Conduit 
	.1 Materials: 
	.1 Rigid PVC boxes and fittings:  Unplasticized PVC. 


	2.4 Conduit Boxes 
	Cast FS or FD Feraloy boxes with factory-threaded hubs and mounting feet for surface wiring of switches and receptacle. 

	2.5 Fittings - General 
	.1 Bushing and connectors with nylon insulated throats. 
	.2 Conduit outlet bodies for conduit up to 32 mm and pull boxes for larger conduits. 


	3. EXECUTION 
	3.1 Installation 
	Support boxes independently of connecting conduits. 
	.2 Fill boxes with paper, sponges or foam or similar approved material to prevent entry of debris during construction.  Remove upon completion of work. 
	.3 Provide correct size of openings in boxes for conduit, and armoured cable connections.  Reducing washers are not allowed. 
	.4 Install all outlets surface mounted as required for the installation. 
	.5 Surface mount on unfinished areas. 
	.6 Do not distort boxes during installation.  If boxes are distorted, replace with new boxes. 
	.7 Do not use sectional boxes. 
	.8 Provide boxes sized as required by the Canadian Electrical Code. 
	.9 Ceiling outlet boxes shall be provided for every surface mounted fixture or row of fixtures installed on suspended "hard" ceilings. 
	.10 Primary bushings in termination box for cable connection. 
	.11 Secondary bushings in termination box for bus duct connection. 
	.12 Control junction box. 
	.13 Stainless steel nameplate and connection diagram. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Provide and connect all wiring devices for the complete installation. 

	2. PRODUCTS 
	2.1 Manufacturer 
	.1 Wiring devices to be of one manufacture throughout the Work. 
	.2 Manufacturers shall be Hubbell, Leviton, or Pass & Seymour. 

	2.2 Devices 
	.1 The catalogue numbers shown below are for the particular manufacturer's series and all necessary suffixes shall be added for the requirements as stated.  All devices shall be specification grade minimum and wherever possible shall be of the same manufacture. 
	.2 Devices to be brown with  galvanized steel coverplates for surface mounted devices. 

	2.3 Switches 
	.1 120-277 V, 20 A, single and double pole, three and four-way:  As Hubbell No. 1221, 1222, 1223 and 1224. 
	.2 Manually - operated general purpose AC switches shall have the following features: 
	.1 Terminal holes approved with AWG #10 wire. 
	.2 Silver alloy contacts. 
	.3 Urea or melamine molding for parts subject to carbon tracking. 
	.4 Suitable for back and/or side wiring. 


	2.4 Receptacles 
	.1 Duplex 15 ampere, 120 V, 3 wire, ivory, U-ground, as Hubbell No. 5252, with the following features: 
	.1  Brown  urea molded housing. 
	.2 Suitable for #10 AWG for back and side wiring. 
	.3 Eight back wired entrances, four side wiring screws. 
	.4 Break-off links for use as split receptacles. 
	.5 Triple wipe contacts and rivetted grounding contacts. 

	.2 Duplex 15 A, 120 V, 3 wire, ivory, U-ground ground fault receptacle, as Hubbell No. GF 5261. 

	2.5 Welding Receptacles 
	.1 Crouse-Hinds AJP AR624, 600V, 60A, 3 wire.  Interlocked receptacle and disconnect switch. 

	2.6 Coverplates 
	.1 Provide coverplates for all wiring devices 
	.2 For Clearwell Inlet building, valve chambers and exteriror locations use weatherproof double lift spring - loaded cast aluminum coverplates, complete with gaskets for single receptacles or switches. 
	.3 For ordinary locations use sheet steel utility box cover for wiring devices installed in surface mounted utility boxes. 
	.4 For ordinary locations use stainless steel 1 mm thick coverplates on all wiring devices mounted in flush-mounted outlet boxes unless otherwise specified. 
	.5 Use gasketted DS cast covers on FS and FD type boxes. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install single throw switches with handle in the "UP" position when switch closed. 
	.2 Install switches vertically in gang type outlet box when more than one switch is required in one location. 
	.3 Mount switches on the latch side of the doorway as close as possible to door frame unless otherwise indicated on drawings. 
	.4 Install receptacles vertically in gang type outlet box when more than one receptacle is required in one location. 
	.5 Where split receptacle has one portion switched, mount vertically and switch upper portion. 
	.6 Protect cover plate finish with paper or plastic film until all painting and other work is finished, then remove paper. 
	.7 Install suitable common coverplates where wiring devices are grouped.  Do not distort plates by tightening screws excessively. 
	.8 Wherever possible, mount equipment in a straight line at a uniform mounting height, coordinated with other equipment and materials. 
	.9 Mounting dimensions are to the centre of the devices.  Final instructions on mounting heights shall be given by the Contract Administrator.  The above shall be used as a guide, but shall be subject to final verification prior to installation. 
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	GENERAL 
	1.1 Work Included 
	.1 Provide a complete system of wiring, making all connections necessary for the installation shown on Drawings. 

	1.2 Special Codes 
	.1 Install and rate power cables in accordance with the Canadian Electrical Code requirements, or in accordance with IPCEA requirements where permissible. 

	1.3 References 
	.1 CSA C22.2 No. 65 Wire Connectors. 
	.2 EEMAC 1Y-2, Bushing Stud Connectors and Aluminum Adapters (1200 Ampere Maximum Rating). 

	2. PRODUCTS 
	2.1 Materials 
	.1 Pressure type wire connectors: with current carrying parts same material as conductors sized to fit the conductors as required. 
	.2 Fixture type splicing connectors: with current carrying parts same material as conductors sized to fit the conductors 10 AWG or less. 
	.3 Bushing stud connectors: to EEMAC 1Y-2 to consist of: 
	.1 Connector body and stud clamp for stranded copper conductors. 
	.2 Clamp for stranded copper conductors. 
	.3 Stud clamp bolts. 
	.4 Bolts for copper conductors.  
	.5 Sized for conductors as indicated. 

	.4 Clamps or connectors for aluminum sheathed cable, flexible conduit, as required. 

	2.2 Wire Connectors 
	.1 Use 3M “Scotchlock”, self-insulated connectors for hand twist wire joints for lighting, small power, and control wiring. 
	.2 Use T & B non-insulated ring type compression lugs for terminating #10 AWG and smaller motor connections.  Tape with rubber and scotchtape.  Lugs to accept ten - 32 x 3/8” machine bolts. 
	.3 Terminate conductors #8 AWG and larger with Thomas & Betts Colour-Keyed compression connectors Series 54000, or on lugs provided with equipment. 
	.4 Thomas & Betts “KOPR-SHIELD” compound Series CP8 on all terminations for compression connectors. 


	3. EXECUTION 
	3.1 Installation 
	.1 Remove insulation carefully from ends of conductors and: 
	.1 Install mechanical pressure type connectors and tighten screws with appropriate compression tool recommended by the Manufacturer.  Installation shall meet secureness tests in accordance with CSA C22.2 No. 65. 
	.2 Install fixture type connectors and tighten. Replace insulating cap. 
	.3 Install bushing stud connectors in accordance with EEMAC 1Y-2. 


	3.2 Wire Connectors 
	.1 Select hand twist connectors for wire size and install tightly on conductors. 
	.2 Brush “KOPR-SHIELD” compound on terminations for compression connectors as recommended by the Manufacturer. 
	.3 Install compression connectors using methods and tools recommended by the Manufacturer. 
	.4 Do not install stranded conductors under screw terminals unless compression lugs are installed. 
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	1. GENERAL 
	1.1 Description 
	.1 Supply and install a complete grounding system.  Securely and adequately ground all components of the electrical system in accordance with the requirements of all related sections in the latest Canadian Electrical Code and the local Electrical Inspection Branch. 
	.2 The system to consist of cables, ground rods, supports, and all necessary materials and inter connections to provide a complete system.  Ensure measured resistance to ground of the network does not exceed 3 ohms. 
	.3 Run all above ground grounding conductors in conduit or in Cable Trays as per drawings. 

	2. PRODUCTS 
	.1 Cables 2/0 and smaller to be connected to ground bars via Cadweld exothermic weld. 
	.2 All ground wires:  stranded copper TWH complete with a green jacket, except in transformer yard where bare copper horizontal wire shall be used, unless otherwise shown. 
	.3 Ground rods: 20 x 6000 mm copper clad steel.  
	.4 Cable to pipe connectors: made with Burndy GAR connectors. 
	.5 Supply and install ground bars as indicated on Drawings. 


	3. EXECUTION 
	3.1 Grounding - General 
	.1 Ground all frames and metallic enclosures of all electrical equipment and electrically operated equipment through the conduit system via a ground wire. 
	.2 Ground all transformers, switchgear, panel boards and splitters fed from the main distribution centre by grounding conductors sized as specified on Drawings and in accordance with the Canadian Electrical Code.  Terminate the ground wire at each end with an appropriate grounding lug and connect to the equipment ground bus.  Ground wire to be green TWH. 
	.3 Ground all sub panels such as lighting panels, local distribution panels, etc. with a green ground wire run back to the panel from which it is fed.  Size the ground conductor according to the Canadian Electrical Code. 
	.4 Connect using 4/0 bare copper conductors from the main power distribution and control cabinet ground bus to the ground ring.  Test the system for ground resistance and install additional ground rods as necessary to meet a minimum requirements of 3 ohms. 
	.5 Ensure all main distribution centres, switchgear, and all panels requiring equipment grounds contain a ground bus of adequate size, and tapped for lugs for the ground wire required. 
	.6 Ensure all bolted connections are accessible. 
	.7 Ground all motors by means of an adequately sized green ground wire contained within the feeder conduit. 
	.8 Include a separate green ground wire in all power conduits including branch circuit wiring sized to Table 16, Canadian Electrical Code. 
	.9 Bond expansion joints and telescoping sections of raceways using jumper cables as per Canadian Electrical Code. 
	.10 Use Burndy compression connectors for all grounding splices and terminations unless otherwise shown on the Drawings.  For bolted ground connections use Burndy Engineering Company's "Durium". 
	.11 Connect all transformer neutrals to the main ground bus using bolted connections. 
	.12 Install rigid conduit sleeves where ground wires pass through concrete slabs. 
	.13 Provide conduit installed buried in earth or installed in or under grade floor slabs with separate ground wire installed, whether the conduits are metal or not. 
	.14 Ground all utility services to the electrical system ground. 
	.15 Ground all metal fences and gates 
	.16 Selected ground rods shall be accessible with ground wells as shown on Drawings 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install all hangers, supports and inserts for the installation shown on the Drawings and specified herein, as necessary to fasten electrical equipment securely to the building structure. 

	2. PRODUCT 
	2.1 Framing and Support System 
	.1 Materials: 
	.1 Intermediate duty supporting structures:  Aluminum strut channel together with the manufactures connecting components and fasteners for a complete system. 
	.2 Heavy duty supporting structures: fabricated from welded steel structural members and hot dipped galvanized before installation. 
	.3 Nuts, bolts, machine screws:  stainless steel. 


	2.2 Concrete and Masonry Anchors 
	.1 Materials:  Hardened steel inserts, zinc plated for corrosion resistance.  Epoxy adhesive type. 
	.2 Components:  non-drilling anchors for use in predrilled holes, sized to safely support the applied load with a minimum safety factor of 4. 
	.3 Manufacturer:  Hilti (Canada) Limited. 

	2.3 Non-Metallic Anchors 
	.1 Material:  Plastic anchors for sheet metal screws. 
	.2 Manufacturer:  Fischer. 

	2.4 Conduit Supports 
	.1 General:  Malleable iron one-hole conduit straps where exposed to weather.  Stamped steel two-hole straps indoors. 
	.2 Structural Steel:  Crouse-Hinds “Wedgetite” supports or equivalent manufactured by Appleton. 
	.3 Masonry, concrete, stone, etc.:  Anchors. 
	.4 Title:  Toggle bolts. 
	.5 Metal studs, ceiling hangers, etc.:  “Caddy-Clips”. 
	.6 Unistrut:  Unistrut conduit clamps. 

	2.5 Cable Supports and Clamps 
	.1 General:  As per conduit supports, except that for single conductor cables, use suitable non ferrous, or approved stainless steel or aluminum clamps. 


	3. EXECUTION 
	3.1 General 
	.1 Do not cut or drill beams, joists or structural steel unless written permission of the Contract Administrator is obtained. 
	.2 Distance between conduit or cable supports not to exceed code requirements. 
	.3 Supports to be suitable for the real loads imposed by equipment. 
	.4 Supports to be securely fastened, free from vibration and excessive deflection or rotation.  Maximum deflections are 4 mm over a 1 m span and 8 mm over a 2 m span. 
	.5 Install fastenings and supports as required for each type of equipment cables and conduits, and in accordance with Manufacturer’s installation recommendations. 
	.6 Provide conduit rack with 25% spare capacity for multiple runs. 
	.7 Provide channel support with fittings for vertical runs of conduit and cables. 

	3.2 Installation 
	.1 Secure equipment to tile and plaster surfaces with lead anchors. 
	.2 Secure equipment to poured concrete and concrete masonry with adhesive anchors. 
	.3 Secure equipment to hollow masonry walls or suspended ceilings with toggle bolts. 
	.4 Support equipment, conduit or cables using clips, spring loaded bolts, cable clamps designed as accessories to basic channel members. 
	.5 Fasten exposed conduit or cables to building construction or support system using straps. 
	.1 One-hole malleable iron or steel straps to secure surface conduits and cables 50 mm and smaller. 
	.2 Two-hole steel straps for conduits and cables larger than 50 mm. 
	.3 Beam clamps to secure conduit to exposed steel work. 

	.6 Suspended support systems. 
	.1 Support individual cable or conduit runs with 6 mm dia threaded rods and spring clips. 
	.2 Support two or more cables or conduits on channels supported by 6 mm diameter threaded rod hangers where direct fastening to building construction is impractical. 

	.7 Use plastic anchors for light loads only.  Use metal anchors for all other loads. 
	.8 Shot driven pins may only be used with written approval of the Contract Administrator. 
	.9 Use round or pan head screws for fastening straps, boxes, etc. 
	.10 Do not support heavy loads from the bottom chord of open web steel joists. 
	.11 Support outlet boxes, junction boxes, panel tubs, etc., independent of conduits running to them.  Support conduits within 600 mm of outlet boxes.  Support surface mounted panel tubs with a minimum of four 6 mm fasteners. 
	.12 For surface mounting of two or more conduits use channels at 1.5 m oc spacing. 
	.13 Provide metal brackets, frames, hangers, clamps and related types of support structures where indicated or as required to support conduit and cable runs. 
	.14 Ensure adequate support for raceways and cables dropped vertically to equipment where there is no wall support. 
	.15 Do not use wire lashing or perforated strap to support or secure raceways or cables. 
	.16 Do not use supports or equipment installed for other trades for conduit or cable support except with permission of other trade and approval of the Contract Administrator. 
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	1. GENERAL 
	1.1 Description 
	.1 Provide disconnect switches for 347/600 V and 120/208 V distribution as indicated on the Drawings, as manufactured by Cutler Hammer, Schnieder Electric. 

	2. PRODUCTS 
	2.1 Disconnect Switches 
	.1 Ratings:  600 V for 347/600 V distribution, 240 V for 120/208 V distribution.  Unless otherwise shown, 3 pole for 3 phase, 3 wire distribution, 3 pole and solid neutral for 3 phase 4 wire distribution.  Ampere ratings as shown on the drawings or to suit load requirements.  For motors, use disconnect switches with HP ratings at least equal to motor HP. 
	.2 Enclosures:  CSA code gauge galvanized steel, hinged doors, external operating handles.  Disconnect switches in dry locations shall be EEMAC-1 and EEMAC-3 where exposed to weather.  Provide ON-OFF switch position indication on switch enclosure cover. 
	.3 Finish:  One primer coat and one finish coat on all metal surfaces, colours as per Section 16010 – Electrical General Requirements. 
	.4 Switch mechanisms:  Quick make and quick break action with self wiping contacts, solderless pressure lug connectors.  For switches 100 A and over, provide non-tracking arc shrouds.  All switch poles to operate together from a common operating bar.  Provide for padlocking disconnect switches in "Off" position.  Doors to be interlocked and complete with defeat mechanism, to prevent opening when handle in ON position. 
	.5 Neutral Bars:  Where distribution system has grounded neutral conductor, provide neutral bar where required with ampere rating equal to switch rating, in enclosure.  Provide ground bar for terminating ground conductors. 
	.6 Fuse Holders:  Provide fuse holders (relocatable and suitable without adapters) on load side of switches, ampere rating equal to switch ratings, suitable for fuses specified. 

	2.2 Fuses 
	.1 All fuses to be 100,000 A (minimum) interrupting capacity of the current limited type.  In addition, fuses feeding motors to be of the time delay type.  Provide one full set of spare fuses, three for each different ampere rating used, stored in suitable enclosure. 


	3. EXECUTION 
	3.1 Disconnect Switches 
	.1 Mounting:  Provide supports independent of conduits.  Wall mount where possible, otherwise provide Unistrut frame support.  Where switches are grouped mount in uniform arrangement. 
	.2 Wiring:  Connect line and load cable to all switches. 
	.3 Fuse Rating:  Install so that rating is visible. 
	.4 Identification:  Provide lamacoid plate in accordance with Section 16010 – Electrical General Requirements, on each switch showing voltage, source of supply and load being fed, for example: 
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	1. GENERAL 
	.1 Provide enclosed dry type transformers 600 V primary to 120/208 V. 
	.2 Product Data - 3 Phase, 4 Wire Secondary 
	.1 Submit product data in accordance with Section 16010 – Electrical General Requirements. 

	.3 Transformers to conform to CSA C57.12 and L2 standards, and are to be approved to CSA Code Part 2, Standard C22.2, No. 47 and CSA C9. 

	2. PRODUCTS 
	2.1 Transformers 
	General:  Dry type, air cooled, self ventilated.  Enclosures to be EEMAC 1 type, code gauge steel, complete with ventilating openings, access panels, mounting brackets, and solderless primary and secondary cable connectors.  Enclosures to have zinc chromate prime coat and enamel finish coat per Section 16010 – Electrical General Requirements.  Transformers to be single or three phase as noted on the Drawings.  Dry type transformers shall be Westinghouse, FPE, or approved equal. 
	.2 Design 
	.1 Type:  ANN 
	3 phase, 15 and 30 kVA as indicated, 600 V input, 120/208 V output, 60 Hz. 
	.3 Voltage primary taps:  2.5% Full capacity above and below normal 
	.4 Insulation:  Class. 
	.5 Basic Impulse Level (BIL):  10 kV B.I.L. 
	.6 Hipot:  4 kV 
	.7 Average Sound Level:  To meet the local municipal & building codes and meet at minimum the  following criteria: 45 dB max. up to 45 kVA 
	.8 Impedance at 170°C: 6.0% max. up to 112½ kVA 
	.9 Enclosure:  EEMAC 1, removable metal front panel 
	.10 Mounting:  Up to 45 kVA suitable for wall or floor mounting and above 45 kVA suitable for floor mounting unless otherwise shown 
	.11 Finish:  In accordance with Section 16010 – Electrical General Requirements. 
	.12 3 Phase Windings:  Arrange with three primary windings connected in delta and three secondary windings connected in wye. 
	.13 Max. Winding Temperature:  150°C rise with temperature continuous full load 
	.14 Max. Lead Connection:  55°C rise with temperature continuous full load 


	Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	Label Size:  7 


	3. EXECUTION 
	3.1 Installation 
	.1 Mount dry type transformers up to 45 kVA as indicated on Drawings. 
	.2 Ensure adequate clearance around transformer for ventilation 
	.3 Install transformers in level upright position. 
	.4 Remove shipping supports only after transformer is installed and just before putting into service. 
	.5 Loosen isolation pad bolts until no compression is visible. 
	.6 Make primary and secondary connections in accordance with wiring diagram. 
	.7 Mount transformers as indicated on Drawings and connect primary, secondary, neutral and ground conductors.  Provide brackets and bolts for wall mounted transformers.  Ensure all transformers have good ventilation. 
	.8 Do not use permanent distribution system dry type transformers for temporary power distribution without permission for the Contract Administrator. 
	.9 Mount transformers to reduce direct and transmitted noise.  Mount core and coils of transformers on vibration and sound absorbing pads. 
	.10 Record secondary voltage when transformers are carrying approximately 75% of full load.  Adjust tap connections to give a continuous secondary voltage of 120 V phase to neutral.  Set tap connections for above 120 V rather than below. 
	.11 Connections to transformers shall be in flexible conduit and shall enter the enclosure below the coils. 
	.12 Before energization, keep transformers or storage room enclosures above 10°C ambient. 
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	GENERAL 
	1.1 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 16010 – Electrical General Requirements. 
	.2 Drawings to include electrical detail of panel, branch breaker type, quantity, ampacity and enclosure dimension. 

	2. PRODUCTS 
	2.1 Panelboards 
	.1 Panelboards: product of one manufacturer. 
	.1 Install circuit breakers in panelboards before shipment. 
	.2 In addition to CSA requirements manufacturer's nameplate must show fault current that panel including breakers has been built to withstand. 

	250 V panelboards: bus and breakers rated for 10 kA (symmetrical) interrupting capacity or as indicated. 
	600 V panelboards: bus and breakers rated for 10 kA (symmetrical) interrupting capacity or as indicated. 
	.4 Sequence phase bussing with odd numbered breakers on left and even on right, with each breaker identified by permanent number identification as to circuit number and phase. 
	.5 Panelboards: mains, number of circuits, and number and size of branch circuit breakers as indicated. 
	.6 Two (2) keys for each panelboard and key panelboards alike. 
	.7 Copper bus with neutral of same ampere rating as mains. 
	.8 Mains: suitable for bolt-on breakers. 
	.9 Trim with concealed front bolts and hinges. 
	.10 Trim and door finish: baked grey enamel.  

	2.2 Breakers 
	.1 Breakers: to Section 16477 – Moulded Case Circuit Breakers. 
	.2 Breakers with thermal and magnetic tripping in panelboards except as indicated otherwise. 
	.3 Main breaker: separately mounted on top or bottom of panel to suit cable entry. When mounted vertically, down position should open breaker. 
	.4 Lock-on devices for 10% of 15 A breakers installed as indicated.  Turn over unused lock-on devices to City. 

	2.3 Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	.2 Nameplate for each panelboard size 4 engraved as indicated. 
	.3 Complete circuit directory with typewritten legend showing location and load of each circuit. 


	3. EXECUTION 
	3.1 Installation 
	.1 Locate panelboards as indicated and mount securely, plumb, true and square, to adjoining surfaces. 
	.2 Install surface mounted panelboards on 40mm galvanized U channel. Where practical, group panelboards. 
	.3 Mount panelboards to height specified in Section 16010 – Electrical General Requirements or as indicated. 
	.4 Connect loads to circuits. 
	.5 Connect neutral conductors to common neutral bus with respective neutral identified. 
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	GENERAL 
	1.1 Product Data 
	.1 Submit product data in accordance with Section 16010 – Electrical General Requirements. 
	.2 Include time-current characteristic curves for breakers with interrupting capacity of 22,000 A symmetrical (rms) and over at system voltage. 

	2. PRODUCTS 
	2.1 Breakers General 
	Bolt-On Moulded Case Circuit Breaker:  Quick-make, quick-break type, for manual and automatic operation with temperature compensation for 40°C ambient. 
	Common-Trip Breakers:  With single handle for multi-pole applications. 
	.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 with interchangeable trips as indicated. 

	2.2 Thermal Magnetic Breakers [Design A] 
	.1 Moulded case circuit breaker to operate automatically by means of thermal and magnetic tripping devices to provide inverse time current tripping and instantaneous tripping for short circuit protection. 

	2.3 Magnetic Breakers [Design B] 
	.1 Moulded case circuit breaker to operate automatically by means of magnetic tripping devices to provide instantaneous tripping for short circuit protection 

	2.4 Enclosure for Individually Mounted Breakers 
	.1 Enclosure shall be CSA code gauge galvanized steel, hinged door, front mounted external operating handle, lockable in “off” position, EEMAC-1 unless shown otherwise.  Use EEMAC-12, for industrial application, enclosure for wet environment or as shown “WP” on drawings.  Increase enclosure size above standard for large cables. 
	.2 Where distribution system has grounded neutral conductor, provide neutral bar, with ampere rating equal to breaker/switch rating in enclosure. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install circuit breakers as indicated. 
	.2 Identification:  Provide lamicoid plate on each breaker showing voltage, source of supply and load being fed - 120/208 V, 3 phase, 4W fed from LDP No.1 to Splitter Trough No. 1. 
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	1. GENERAL 
	1.1 Related Work 
	.1 Section 16010 – General Electrical Requirements 
	.2 Section 16471 – Panelboards - Breaker Type 

	1.2 System Description 
	.1 A transient voltage surge suppressor for the protection of downstream electronic equipment connected to the building power supply.  The specified unit shall be compatible with non linear loads and shall provide effective high-energy transient voltage suppression, surge current diversion and high-frequency electrical noise filtering while connected in parallel with a facility’s distribution system.  The filtering unit shall utilize non-linear voltage dependent metal oxide varistors or selenium cells.  The suppression system’s components shall not utilize gas tubes, spark gaps, or silicon avalanche diodes.  The device shall be referred to as a TVSS filter for the purpose of this document and drawings. 

	2. PRODUCT 
	2.1 Operation and Environment 
	.1 Voltage:   The TVSS devices shall be suitable for the voltage and systems configuration as indicated on the single line diagram(s). 
	.2 Maximum Continuous Operating Voltage (MCOV):   The MCOV of the suppressor unit shall be greater than 125% for 120/208 V systems and 115% for 347/600 V systems. 
	.3 Protection Modes:   Transient voltage surge suppression paths shall be provided for all possible common and normal modes (between each line and ground, neutral and ground, line to line and each line and neutral).  The primary suppression path shall not be to ground. 

	2.2 Suppression Component 
	2.3 Filtering 
	.1 TVSS shall contain a high frequency extended range tracking filter. 
	.2 Noise attenuation (45 dB @ 1`00 kHz. 
	.3 Main entrance panel application effective filtering bandwidth - 180 Hz to 50 Mhz.  Branch panel application effective filtering bandwidth - 1 kHz to 50 Mhz.  Plug-in/Cord - Connected Individual Equipment application effective filtering bandwidth - 100 kHz to 100 Mhz. 

	2.4 Panelboard Component (Integrated TVSS Panel) 
	.1 Main Bus:  The device shall have a copper, tin plated main bus. 
	.2 Circuit Breakers:  Are to be of the over center toggle mechanism type which use bolt-on connectors to line side panelboard connectors. 
	.3 Panelboard Enclosure:  The panelboard shall be provided in an EEMAC 1 enclosure.  The TVSS/filter status indicators shall be visible without the need to open the panelboard door.  A lockable door shall be provided to limit access to authorized personnel only.  Trim assembly shall be tamper proof.  The trim (doors) shall be finished in grey ASA61 paint. 
	.4 Neutral Bus:  The unit shall be equipped with a copper 100% rated neutral bus, which shall include a sufficient quantity of solderless type lugs to service the total unit circuit capacity. 
	.5 Wiring Gutters:  The integrated TVSS filtering panel shall be equipped with a complete perimeter wiring gutter with a cross-sectional dimensions of not less that 12,200 mm². 
	.6 Safety and Insulated/Isolated Ground Bus:  The integrated filter panel shall have a safety and insulated/isolated ground bus equipped with solderless type lugs of quantity to sufficiently service the circuit loads. 

	2.5 General Features 
	.1 The integrated TVSS panel shall be factory installed and connected to the bus bar. 
	.2 Connectors:  Terminals shall be provided for all the necessary input and output power and ground connections on the TVSS. 
	.3 Enclosure:  The specified system shall be provided in a heavy duty NEMA 12 dust tight enclosure with no ventilation openings for maintenance and branch panel applications.  Indication of surge current module status shall be visible without opening the door. 
	.4 Internal Connections:  All surge current diversion connections shall be by way of low impedance wiring.  Surge current diversion components shall be wired for reliable low impedance connections.  No plug-in component modules, quick disconnect terminals or printed circuit boards shall be used in surge suppression paths. 
	.5 Unit Status Indicators:  Red status indicators shall be provided on the hinged front cover to indicate unit phase status.  The absence of the red light shall reliably indicate that one or more surge current diversion phases have failed and that service is needed to restore full operation. 
	.6 Fuses:  The unit shall utilize internal fuses rated with a minimum interrupting capability of 200,000 A or greater. 
	.7 Identification:  The unit shall include manufacturer’s nameplate, UL rating, and a CSA approval on the exterior enclosure. 
	.8 Testing:   Testing at each unit shall include assurance checks, “Hi-Pot” test at two times rated voltage plus 1000 V per UL requirements, and operation and calibration tests. 

	2.6 Approved Manufacturers 

	3. EXECUTION 
	3.1 Installation 
	.1 Install with Manufacturer’s recommended conductors tapped from the electrical service switchboard conductor system.  Conductors are to be as short and straight as possible.  Input conductors to the TVSS shall be twisted together to reduce impedance during high frequency filtering. 
	.2 An appropriately sized manual safety disconnect shall be supplied and installed before and in line with the TVSS from the electrical service for the purpose of electrically isolating the device from the system should service be required without interrupting the main service.  Coordinate required disconnect ampacity with TVSS manufacturer. 
	.3 The TVSS should be following the Manufacturer’s recommended practices as outlined in the manufacturer’s installation and Maintenance Manual and in compliance with all applicable electrical codes. 




	16500.doc
	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install lighting fixtures complete with lamps, ballasts and all necessary fittings. 

	1.2 Code Requirements 
	.1 Installation of lighting equipment to conform to Section 30, Canadian Electric Code, Part 1, and as amended or supplemented by provincial, municipal or other regulatory agencies having jurisdiction. 

	1.3 Shop Drawings 
	.1 Submit a complete list of the types of lighting fixtures, lamps, ballasts and accessories with catalogue illustrations, data sheets, etc. for review.  Bind in a suitable booklet and keep one copy of this booklet at the jobsite at all times.   
	.2 Submit complete photometric data, based on actual fixtures proposed for the Work.  Substantiate brightness and efficiency requirements.  Photometric data must be produced by a recognized independent laboratory. 

	1.4 Manufacturer's Operational Test 
	.1 Test fixtures for acceptance of lamp made to maximum tolerance as required in ANS standards listed in 16.4 3. 
	.2 Test fixtures with rated lamps for starting and operation. 
	.3 Check wiring for agreement with design circuit. 
	.4 Test for short circuits and improper grounds. 
	.5 Test operation of fixture and lamp with ballast. 

	1.5 Samples 
	.1 Provide samples of all fixtures, lamps, ballasts and accessories when requested. 
	.2 If directed, set up these fixtures on or near site, to show co ordination of fit with ceiling and other equipment i.e., mechanical air diffuser assemblies, wiring channels, brackets, davits and standards.  Retain fixture design, if approved, at the site as a control standard.  If submitted fixtures are disapproved, resubmit after revision for further field tests until approval is given. 
	.3 Install one or more sample fixtures in a mock up of specified ceiling.  Pay all costs associated with work of this trade in connection with construction of mock up, installation and connection of fixtures, lamps, ballasts and accessories. 

	1.6 Lamps Used for Temporary Lighting 
	.1 Fluorescent lamps may be used for temporary light and lamps used for this purpose will be accepted when the project or portions of the Work are turned over to the City.  Spot relamp faulty or burned out lamps prior to this acceptance, without additional cost to City. 
	.2 Metal halide, sodium, incandescent and quartz lamps are not to be used for temporary lighting, unless all lamps so used are replaced with new lamps immediately prior to completion at no additional cost to City. 

	2. PRODUCTS 
	.1 Provide, wherever possible, commercially available stock lighting fixtures meeting specified requirements and as shown on the Drawings. 
	.2 Different fixtures may be supplied by different manufacturers.  Similar fixtures shall be supplied by the same manufacturer. 
	.3 Provide only lighting fixtures which are structurally well designed and constructed and which use new parts and materials of highest commercial grade available.  Unless otherwise specifically noted, fixtures shall be of the quality stated in the manufacturer's catalogues and data sheets. 
	.4 Refer to related sections for details of fixtures and accessories. 
	.5 Use self aligning ball joint hangers for rod suspended fixtures. 
	.6 Use cadmium plated chains for suspended fixtures in unfinished areas. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install fixtures in accordance with the Manufacturer's requirements, code requirements, and as shown on the Drawings. 
	.2 Confirm compatibility and interface of other materials with luminaire and ceiling systems.  Examine the room finish schedule and reflected ceiling drawings.  Report discrepancies and defer ordering until clarified. 
	.3 Supply plaster frames, trim rings and backboxes to other trades as the work requires. 
	.4 Ground lighting equipment to a separate grounding conductor. 
	.5 Co ordinate with other trades to avoid conflicts between luminaires, supports and fittings and mechanical and structural equipment. 

	3.2 Workmanship 
	.1 Completely clean all glassware, lamps, and hangers.  Polish metal parts before completion. 
	.2 Provide suitable extension couplings for row mounted fixtures. 
	.3 Protect fixtures, hangers, supports, fastenings and accessory fittings at the site prior to and during installation.  Unless fixtures are erected immediately, after delivery to Site, deliver in original cartons or enclosed in air tight plastic wrapping.  Store in a dry and secure space on Site.  Protect hangers, supports, fastenings and accessory fittings against corrosion.  Take care during installation to ensure that insulation and corrosion protection is not damaged. 
	.4 Fixtures which show evidence of corrosion, rough handling, scratching of finishes, etc. are to be replaced with new fixtures at no additional cost. 
	.5 Install recessed fixtures to permit removal from below, for access to outlet or prewired fixture box. 
	.6 Hang and mount fixtures to prevent distorting fixture frame, housing, sides or lens frame, and permit correct alignment of several fixtures in a row. 
	.7 Support fixtures as shown on Drawings, level, plumb and true with structure and other equipment in horizontal or vertical position as intended.  Install wall or side bracket mounted fixture housings rigidly and adjust to a neat flush fit with mounting surface. 
	.8 Adjust length of hangers of suspended fixtures to hang fixture bodies level and in same horizontal plane, unless shown otherwise on Drawings. 
	.9 Install ceiling canopies to cover suspension attachments and fit tightly to ceiling without restricting alignment of hanger. 
	.10 For recessed fluorescent fixtures mounted in suspended ceiling with exposed tee bar grid system, support by the ceiling tee bar grid structure.  Provide any additional support necessary for oversize fixtures, or to meet code requirements.   
	.11 Metal inserts, expansion bolts or toggle bolts which do not carry wiring shall be accurately located in relation to outlet boxes, for perfect alignment and spacing of suspension stems or other hangers.   
	.12 For remote mounted ballasts, supply mounting board and space ballasts in accordance with Manufacturer's directions.  Size wiring from ballasts to remote fixtures to meet Manufacturer's requirements.   
	.13 Remove any noisy ballasts from the fixtures and replace at no additional cost to the City prior to completion.   
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	GENERAL 
	1.1 Product Data 
	.1 Submit duct data in accordance with Section 16010 – Electrical General Requirements. 

	1.2 References 
	.1 CSA C860 

	2. PRODUCTS 
	2.1 Standard Units 
	.1 Housing: Molded high impact thermo plastic. 
	Face and back plates: Molded high impact thermo plastic. 
	.3 Lamps:   LED-2W 120 V. 
	.4 Letters: 150 mm high x 19 mm, with 13 mm thick stroke, red on white glass, reading EXIT. 
	.5 Face plate to remain captive for relamping. 
	.6 Universal mounting. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install exit lights. 
	.2 Connect fixtures to exit light circuits. 
	.3 Connect emergency lamp sockets to emergency circuits. 
	.4 Ensure that exit light circuit breaker is locked in on position. 
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	1. GENERAL 
	1.1 Description of System 
	.1 System to consist of: 
	.1 Rectifier cubicle 
	.2 Inverter cubicle 
	.3 Battery cubicle 
	.4 Bypass switch cubicle 
	.5 Controls and meters 

	.2 System to use normal power supply mains and battery to provide continuous, regulated AC power to isolated load. 
	.3 Equipment to operate continuously and unattended. 
	.4 Ensure that UPS is compatible with equipment that it feeds. 

	1.2 Shop Drawings 
	.1 Submit shop drawings in accordance with Section 01300 – Submittals. 
	.2 Include: 
	.1 Outline sketch showing arrangement of cubicles, meters, controls, recommended aisle spaces, battery rack, battery arrangement and dimensions. 
	.2 Shipping weight. 
	.3 Schematic diagram showing interconnection of rectifier, inverter, battery, bypass switch, meters, controls and indicating lamps. 
	.4 Description of system operation, referenced to schematic diagram, for: 
	.1 Manual control during initial start-up and load transfer to bypass and back to inverter output. 
	.2 Inverter. 
	.3 Bypass. 

	.5 System performance and reliability: 
	.1 Consider any deviation from the required output power waveform as a failure in the UPS and include an estimate, with supporting calculations, of the Mean Time Between Failures (MTBF) expressed in hours. 
	.2 Provide an estimate with supporting data for the Mean Time to Repair factor (MTTR). 

	.6 Full load kVA output at 0.8 power factor. 
	.7 Efficiency of system at 25%, 50%, 75% and 100% rated load. 
	.8 Type of ventilation: natural or forced. 
	.9 Battery: 
	.1 Number of cells. 
	.2 Maximum and minimum voltages. 
	.3 Type of battery. 
	.4 Type of plates. 
	.5 Catalogue data with cell trade name and type. 
	.6 Size and weight of each cell. 
	.7 Cell charge and discharge curves of voltage, current, time and capacity. 
	.8 Derating factor for specified temperature range. 
	.9 Nominal ampere hour capacity of each cell. 
	.10 Maximum short circuit current. 
	.11 Maximum charging current expected for fully discharged condition. 
	.12 Recommended low voltage limit for fully discharged condition. 
	.13 Expected life. 

	.10 Inverter: 
	.1 Type and catalogue number. 
	.2 DC current at minimum battery voltage to produce full load AC output. 

	.11 Rectifier: 
	.1 Type and capacity, with catalogue number. 
	.2 Battery charging sequence. 
	.3 Current-time data for SCR protective devices. 
	.4 Guaranteed noise level. 
	.5 Estimated life. 
	.6 Metering. 
	.7 Alarms. 

	.12 Manufacturer's field experience with uninterruptible power systems of similar ratings including engineering expertise, manufacturing facilities and listing of UPS units manufactured and installed during last five (5) years including model, customer, location and installation dates. 
	.13 Heat losses at no load, 25%, 50%, 75%, and 100% of rated output, in kW. 
	.14 Cooling air required in m3/s. 
	.15 List of recommended spare parts, tools and instruments with catalogue numbers and current prices. 
	.16 Typical O&M Manual. 
	.17 Description of factory test facilities. 
	.18 Manufacturer's maintenance capabilities including: 
	.1 Willingness to undertake maintenance contract. 
	.2 Number of trained personnel available. 
	.3 Location of trained personnel and repair facilities. 



	1.3 Operation and Maintenance Data 
	.1 Provide data for incorporation into O&M Manual specified in Section 01300 –Submittals. 
	.2 Submit interim copies to Contract Administrator prior to notification of factory test date. 
	.3 O&M Manual to include: 
	.1 O&M instructions concerning design elements, construction features, component functions and maintenance requirements to permit effective operations maintenance and repair. 
	.2 Technical data: 
	.1 Characteristic curves for automatic circuit breakers and protective devices. 
	.2 Project data. 
	.3 Technical description of components. 
	.4 Parts lists with names and addresses of suppliers. 



	1.4 Maintenance Materials 
	.1 Provide maintenance materials in accordance with Division 1 – Maintenance Materials, Special tools and spare parts 
	.2 Include: 
	.1 Four (4) sets of each type and size of fuses used. 
	.2 Four (4) sets indicating lamps. 
	.3 Spare parts provided. 


	1.5 Care, Operation, and Start-Up 
	.1 Arrange with Contract Administrator: 
	.1 For Manufacturer’s Rep to provide support start-up of system, checking, adjusting and testing on Site. 
	.2 For instruction of O&M personnel on theory, construction, installation, operation and maintenance of system: 
	.1 After installation and during Site testing. 
	.2 At factory during shop testing. 


	.2 Advise on: 
	.1 Expected failure rate of equipment 
	.2 Type of expected failures 
	.3 Estimated time between major overhauls based on twenty (20) year equipment life. 
	.4 Estimated cost of major overhaul based on current costs and excluding traveling expenses. 
	.5 Type and cost of test equipment needed for fault isolating and performing preventive maintenance. 


	1.6 Delivery and Storage 
	.1 Crating: 
	.1 Adequately enclosed and protected from weather and shipping damage by use of minimum 12 mm plywood with vapour barrier inside. 
	.2 For tractor train or sea shipment, use double layer of vapour barrier and 19 mm plywood covering. 
	.3 Subassemblies may be packed separately. 
	.4 Label crates: 
	.1 Shipping address. 
	.2 Weight and dimensions. 
	.3 Serial number of unit and brief description of contents. 
	.4 Stenciled with durable paint on at least two sides of each crate. 
	.5 List of contents: 
	.1 In weatherproof envelope stapled on outside of each crate. 
	.2 Copy placed inside each crate. 




	1.7 Source Quality Control 
	.1 Complete system including rectifier, inverter, bypass switch, remote annunciator panel, controls and battery factory tested. 
	.2 Tests: 
	.1 Visual inspection to determine that: 
	.1 Materials, workmanship, and assembly conform to design requirements. 
	.2 Parts are new and free of defects. 
	.3 Battery and components are not damaged. 
	.4 Battery cells are of identical construction. 
	.5 Electrolyte in each cell is at manufacturer's recommended full level. 
	.6 Each battery cell polarity and polarity of connections to inverter is correct. 
	.7 Proper size fuses are installed. 
	.8 Meters have suitable range. 
	.9 Accessories are present. 



	1.8 Extended Warranty 
	.1 The Contractor hereby warrants the battery against defects in material and workmanship in accordance with GC: 13 and D25, but for ten (10) years. This warranty is for 100% replacement for the first year and prorated in equal yearly decreasing increments for the remaining nine (9) years until the expiration of the warranty at the end of ten (10) years from the date of Total Performance. 

	2. PRODUCTS 
	2.1 Uninterruptible Power System 
	.1 Input power: 
	3 phase, 208 V, 3 wire, grounded neutral, 60 Hz. 
	.2 Normal supply from AC mains. 
	.3 Emergency supply from standby automatic diesel-electric unit. 

	.2 Output power: 
	Three phase, 208 V, 4 wire, grounded neutral, 60 Hz. 
	.2 Full load output at 0.8 power factor lagging 5 kVA. 
	.3 Overload capability: 125% of rated full load current at 0.8 power factor and rated voltage for 10 minutes. 
	.4 Frequency - nominal 60 Hz: 
	.1 Adjustable from 58.5 to 61.5 Hz. 
	.2 Maximum variation from set value under load changes, including transients, not to exceed 0.3 Hz. 
	.3 Drift from set value - after two months normal operation within ambient temperature range of 0° to 40°C, not to exceed 0.6 Hz. 

	.5 Duration of full load output after mains failure not less than 15 minutes. 
	.6 Output voltage control: 
	.1 Continuously adjustable on load at least 5% from rated value. 
	.2 Voltage regulation: voltage not to change by more than 2% as load increases gradually from zero to 100%, or for specified duration of full load after mains failure. 
	.3 Transient voltage change not to exceed +/-10% of rated voltage upon 50% sudden load change, loss or return of AC input voltage to system when fully loaded or transfer of full load from inverter to bypass and vice versa, and return to normal within 3 Hz. 
	.4 Harmonics over entire load range: 
	.1 Total rms value not to exceed 5% rms value of total output voltage. 
	.2 Single harmonic not to exceed 3% of total output voltage. 

	.5 Proper angular phase relation maintained within 4 electrical degrees at up to 20% load unbalance. 

	.7 Efficiency: Overall system efficiency at rated load with battery fully charged not less than 75%. 
	.8 Interference suppression: 
	.1 If UPS equipment generates electromagnetic rf interference at levels which adversely affects other equipment in vicinity, install suppression circuits or shielding as required to eliminate such interference. 
	.2 If harmonics reflected back to mains from rectifier adversely affect other loads connected to same bus, install suppression circuits to prevent that condition. 



	2.2 System Performance 
	.1 Normal operation: 
	.1 System operates on mains power when mains voltage is within +/-10% of nominal value and mains frequency is between 59.5 and 60.5 Hz. 

	.2 Battery operation: 
	.1 System transfers automatically to battery operation. 
	.1 When manually selected at control panel. 
	.2 When mains power fails. 
	.3 When mains voltage varies more than 10% from nominal or mains frequency varies more than 0.5 Hz from 60 Hz. 
	.4 When mains power is restored and mains voltage is within 10% of nominal and mains frequency is within 0.3 Hz of 60 Hz, system automatically resynchronizes with mains. 
	.5 Slew rate of frequency during transition period of system output automatically synchronizing with mains and return to its internal frequency to be set between 0.5 to 1.0 Hz per second. 


	.3 Bypass operation: 
	.1 For maintenance purposes, system can be bypassed automatically by manual selection at control panel to connect load directly to AC mains. Transfer without load interruption and leaving inverter energized. 
	.2 Load transfer from mains back to system automatically by manual selection at control panel when maintenance completed. 
	.3 Automatic transfer of load to mains in not more than 1/4 cycle including sensing with inverter left energized but disconnected from load in case of: 
	.1 Inverter overloaded. 
	.2 Short circuit in load. 

	.4 Automatic retransfer of load to system without load interruption when above conditions disappear. 
	.5 Automatic transfer of load to mains in not more than 1/4 cycle including sensing and shutdown of inverter in case of inverter internal malfunctions. 
	.6 Automatic transfer of load to mains without load interruption and inverter shutdown in case of: 
	.1 Over-temperature harmful to system. 
	.2 Loss of forced ventilation. 
	.3 Low voltage of DC supply to inverter. 

	.7 Bypass capable of closing onto and withstanding momentary fault current of 800% of rating for 0.01 s. 


	2.3 System Protection 
	.1 Circuit breakers in system used to isolate it from load and from mains for safe working on equipment, and for manual blocking of bypass automatic control to prevent inadvertent operation of bypass during work on inverter. 
	.2 Automatic circuit breakers and protection included in: 
	.1 AC input to rectifier. 
	.2 Battery input. 
	.3 Bypass circuit input. 
	.4 Inverter output. 

	.3 Surge suppressors: 
	.1 To protect system against supply voltage switching transients. 
	.2 To protect internal circuits where necessary against voltage transients. 

	.4 Current limiting devices, with panel front indication of device operation, to protect inverter SCRs. 
	.5 Suitable devices, with panel front indication of device operation, to protect rectifier diodes. 
	.6 Failure of circuit or component not to cause equipment to operate in dangerous or uncontrolled mode. 

	2.4 Electrical Requirements 
	.1 Bring out test points to protected coded pin jacks at convenient locations to permit testing without hazard, including: 
	.1 Inverter output ahead of output switch, 3 phase and neutral. 
	.2 Mains power 3 phase and neutral. 
	.3 Voltage across each SCR. 
	.4 Points requiring monitoring for on Site alignment, for determination of faulty sub-assemblies or printed circuit cards, including indication of oscillator pulse and operation of voltage control. 

	.2 No battery, other than main battery incorporated in design. 
	.3 Wires number tagged or colour coded with same designation on drawings. Tags: non deteriorating type. 
	.4 Variable resistors: fine adjustment, rheostat type. 
	.5 Phasing marked on input and output terminals, viewed from front of equipment: 
	.1 Left to right. 
	.2 Top to bottom. 
	.3 Front to back. 

	.6 Indicator lamps: long life incandescent or neon, rated for continuous duty, with sockets having adequate heat dissipation of lamps and dropping resistor if used. 
	.7 Solid state circuits used where more reliable than mechanical timers or control relays. 
	.8 Standard components available from commercial sources used throughout, with ten (10) years minimum shelf life. 
	.9 Arrangement to permit easy removal of defective components to facilitate servicing by replacing with stock spares. 
	.10 Small components, related to specific function, removable plug-in modular sub-assembly or printed circuit card. 
	.11 Heavy sub-assemblies easily accessible, or slide on runners of anti-friction material, and have flexible leads and bolted connections. 
	.12 Components and sub-assemblies accurately made for interchangeability. 

	2.5 Enclosure 
	.1 Dead front free standing sheet steel minimum 2.5 mm thick, CSA Enclosure 1A. 
	.2 Access preferably from front only, or from front and rear. 
	.3 Meters, indicating lamps and controls group mounted in panel front. 
	.4 Panel front enclosed by hinged doors to prevent tampering and to protect instruments and controls during shipping.  Doors formed wrap-around type, rigid, to open and close smoothly, locking type handle with two (2) keys.  Hinges to permit doors to be lifted off cubicle. 
	.5 Cubicle height not to exceed 1.8 m. 
	.6 External cable connections at top of cubicle through bolted plate for drilling at Site to suit. 
	.7 Ambient temperature range during operation –20°C to +40°C. Natural or forced ventilation as required. For forced ventilation power from inverter output and fan directly driven by single phase motor mounted on vibration isolators. Each enclosure to have redundant fans, with fan failures alarmed. Air inlet and outlet openings protected with screens and metal guards. 
	.8 Disposable air filters on fan cooled enclosures. Method of attachment and opening locations to make removal convenient and safe. 
	.9 Maximum operating sound level not to exceed 80 db(A) as measured on sound level meter with A weighting and slow response, at a distance of 1.o m. 
	.10 Enclosure frames interconnected by ground bus with ground lug for connection to ground. 

	2.6 Rectifier 
	.1 Input power supply from: 
	.1 AC mains. 

	.2 Input disconnect: bolt-on molded case three pole air circuit breaker, quick make, quick break type for manual or automatic operation, temperature compensated for 40°C ambient, magnetic instantaneous trip element. 
	.3 Isolating transformer: connected between AC input and rectifier input. 
	.4 Surge suppressor: to protect equipment from supply voltage switching transients. 
	.5 Rectifier: 
	.1 Silicon controlled rectifier assembly or sealed silicon diodes. 

	.6 Filter: for rectifier DC output. 
	.7 Fuse: to protect DC output. 
	.8 Meters: 
	.1 DC voltmeter, switchboard type, accuracy +/-2% of full scale, to measure rectifier output voltage. 
	.2 DC ammeter, switchboard type, accuracy +/-2% of full scale, to measure rectifier output current. 

	.9 Adjustments and controls: 
	.1 Line voltage adjusting taps to allow for +/-10% variation from nominal. 
	.2 Manual adjustment of float voltage with range of +/-5%. 
	.3 Manual adjustment of equalizing voltage. 
	.4 Automatic current limiting on rectifier adjustable between 80 and 120% of normal rating. 
	.5 Provision to disconnect rectifier from inverter and battery if rectifier DC output exceeds safe voltage limits of battery. 

	.10 Meters, adjustments, and controls to be grouped on front panel. 
	.11 Performance of rectifier: 
	.1 Automatically maintain battery in fully charged state while mains power available, and maintain DC float voltage within +/-1% of setting, no load to full load, during mains voltage variations up to +/-10%. 
	.2 Battery charging rate such that after battery has provided full load power output for specified duration, charger returns battery to 95% of fully charged state in 4 h. 
	.3 Automatic equalize charging circuit to initiate equalize charging of battery for 24 h after discharge of 5% of ampere hour battery rating. 
	.4 Manually initiated equalize charging feature with automatic timer adjustable from 0 to 24 h to return unit to float charge. 


	2.7 Inverter 
	.1 Input power supply from: 
	.1 Rectifier DC output. 
	.2 Battery DC output. 

	.2 Input disconnect: bolt-on molded case, single pole, circuit breaker, quick make, quick break type, for manual or automatic operation, temperature compensated for 40°C ambient, magnetic instantaneous trip element. 
	.3 Input filter: with separately fused computer grade capacitor banks and indicator lights, to eliminate inverter source noise and restrictions on input cable length. 
	.4 Power stage: high frequency switching type, dual cooled disc type SCR. Components, solid state devices capable of satisfactory operation under ambient conditions of -35°C to +55°C. 
	.5 Logic module: 
	.1 Integrated circuit logic. 
	.2 Silicon semiconductors. 
	.3 Plug-in modules. 
	.4 Gold plated plug-in connector. 
	.5 Front accessible field adjustments for voltage and frequency. 
	.6 Front accessible test points: suitably protected coded pin jacks. 
	.7 Frequency reference module. 
	.8 Current limiting module, automatic high speed by controlled reduction of output voltage. 
	.9 Voltage regulator. 

	.6 Output filter: output of high frequency switching stage contains elements of carrier frequency which are filtered to low harmonic sine wave. 
	.7 Meters: 
	.1 AC voltmeter: switchboard type, accuracy +/-2% of full scale, to measure inverter output voltage with 7 position selector switch to select phase to neutral, phase to phase, off. 
	.2 AC: switchboard type, accuracy +/-2% of full scale, to measure inverter output current with 4 position selector switch to select each phase and off. 
	.3 Wattmeter: switchboard type, accuracy +/-2% of full scale to measure inverter load. 
	.4 Frequency meter: switchboard type, scale 58 to 62 Hz, pointer type, to measure inverter output frequency. 
	.5 Synchroscope: with switch to check inverter output potential against supply mains potential. 

	.8 Output disconnect: bolt-on, molded case, three pole circuit breaker, quick make, quick break type, for manual or automatic operation, temperature compensated for 40°C ambient, magnetic instantaneous trip element. 
	.9 Meters and controls: grouped on front panel. 

	2.8 Battery 
	.1 Battery type and electrical characteristics: 
	.1 Discharge current to supply inverter at full load output, for 15 min. 
	.2 Sealed lead acid. Ten (10) year life. 


	2.9 Static Bypass Switch 
	.1 Two (2) solid state closed circuit automatic transfer switches. 
	.2 Logic unit with three (3) normal source voltage sensors, which monitor over-voltage under-voltage and loss of voltage. 
	.3 High speed automatic transfer from normal voltage to alternate source when: 
	.1 Normal source voltage lost: transfer time and sensing 1/4 cycle. 
	.2 Normal source:  under-voltage at 80% of nominal value adjustable. 
	.3 Normal source:  over-voltage at 110% of nominal value. 
	.4 Loss of normal source static switch continuity. 
	.5 Short circuit on normal source trips normal source breaker. 

	.4 Return to normal source: 
	.1 When normal source remains within return voltage limits of 95% to 110% of nominal value (adjustable) for approximately 1 s timing interval, circuit checks voltage balance and phase synchronization, then initiates return with zero switching time. 

	.5 Switch position lights and contacts. 
	.6 Synchronizing verification light. 
	.7 Manual reset push-button. 
	.1 Transfer test switch. 

	.8 Alternate power source monitor light. 
	.9 Accessories: 
	.1 Manual bypass switch for maintenance and testing without load disturbance. 
	.2 Continuity monitor: automatic transfer to alternate source in event of static switch discontinuity. 
	.3 Alternate power source loss alarm contacts. 


	2.10 Operating Devices 
	.1 Operating Accessories: 
	.1 Counter for number of failures of normal mains AC power: non-reset type, zero to 99,999 operations. 
	.2 Elapsed time meter indicating accumulated time of battery discharge in minutes non-reset type, zero to 99,999.9 minutes. 
	.3 Elapsed time meter indicating accumulated time of inverter operation in hours, non-reset type, zero to 99,999.9 hours. 

	.2 Mode lights mounted on front panel to indicate: 
	.1 AC output on inverter – green. 
	.2 AC input available – green. 
	.3 Inverter and AC input synchronized – green. 
	.4 Inverter and AC input not synchronized – amber. 
	.5 Static bypass switch in bypass position – red.  
	.6 Over-temperature alarms: 
	.1 Rectifier – red. 
	.2 Inverter – red. 
	.3 Bypass switch – red. 

	.7 Cooling fan fuse open – red. 
	.8 Inverter output over voltage – red. 
	.9 Inverter output under voltage – red. 
	.10 Battery over-voltage – red. 
	.11 Battery under-voltage – red. 
	.12 Inverter fuse/breaker open – red. 
	.13 Rectifier fuse/breaker open – red. 
	.14 Static bypass switch fuse/breaker open - red. 
	.15 UPS on battery operation – red. 
	.16 Rectifier in equalize mode – amber. 
	.17 Battery discharging indicator - red, to change from steady to flashing during final 5 to 10 minutes of battery duration. 

	.3 Alarms: audible alarm when any mode light shows red. Silence pushbutton not to extinguish trouble light. 
	.4 Remote status alarm system: 
	.1 Two (2) status alarm annunciators for indication at two (2) remote points, up to 10 m distant. Illuminated nameplates installed in cabinets for flush mounting in existing panels. 
	.2 Transmission cable supplied and installed by Contractor. 
	.3 Transmission distance 30 m. 


	2.11 Finishes 
	.1 Apply finishes in accordance with Section 16010 - Electrical General Requirements.. 
	.2 Cubicles: 
	.1 Inside finish: white. 
	.2 Exterior finish: Manufacturer’s standard colour. 
	.3 Exterior hardware and trim: corrosion resistant and not requiring painting such as stainless steel or aluminum. 


	2.12 Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	.2 For major components such as AC input breaker, inverter breakers, bypass switch: size 4 nameplates. 
	.3 For mode lights, alarms, meters: size 2 nameplates. 

	2.13 Fabrication 
	.1 Shop assemble: 
	.1 Rectifier unit. 
	.2 Inverter unit. 
	.3 Bypass switch unit. 
	.4 Battery rack and battery. 

	.2 Interconnect units, and add remote mode lights, alarms and controls to produce complete uninterruptible power system before requesting Contract Administrator to witness factory tests. 

	2.14 Approved Manufacturers 
	.1 The following are approved manufactures of this equipment 
	.1 Liebert - UPStation S3 
	.2 Powerware 
	.3 APC -  DP330E 
	.4 Powerco 



	3. EXECUTION 
	3.1 Installation 
	.1 Locate UPS cubicles, battery rack and battery as indicated. 
	.2 Assemble and interconnect components to provide complete UPS as specified. 
	.3 Connect AC mains to main input terminal 
	.4 Connect UPS output to load. 
	.5 Start-up UPS and make preliminary tests to ensure satisfactory performance. 

	3.2 Testing 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems and Section 01670 –Commissioning. 
	.2 Provide: 
	.1 Competent field personnel to perform test, adjustments and instruction on UPS equipment. 
	.2 Dummy load adjustable to 150% of system rated output. 
	.3 Notify Contract Administrator ten (10) Business Days in advance of test date. 
	.4 Tests: 
	.1 Inspection of cubicles, battery rack and battery 
	.2 Inspection of electrical connections 
	.3 Inspection of installation of remote mode lights and alarms 
	.4 Demonstration of system start-up and shut-down 
	.5 Run UPS for minimum period of 4 h at full rated load to demonstrate proper operation with AC mains input, emergency generator input, no AC input 
	.6 Discharge battery by operating UPS with AC mains open for specified duration of full load. Record readings of temperature of each cell 
	.7 Recharge battery automatically with full rated load on UPS for 4 h and record readings of voltage of each cell. 



	3.3 Training 
	.1 Provide demonstration and training on equipment operation and maintenance in accordance with Section 01664 – Training and Section 16990 – Electrical Equipment and System Demonstration and Instruction 

	3.4 Extended Warranty 
	.1 The Contractor hereby warrants the battery against defects in material and workmanship in accordance with GC: 13 and D25, but for ten (10) years. This warranty is for 100% replacement for the first year and prorated in equal yearly decreasing increments for the remaining nine (9) years until the expiration of the warranty at the end of ten (10) years from the date of Total Performance. 
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	1. GENERAL 
	1.1 Scope of Work 
	.1 Design, supply and install complete and working fire detection and alarm systems including but not limited to alarm initiating devices, alarm notification appliances, FACP, auxiliary control devices, annunciators and wiring for both the Generator/Electrical building and the Clearwell Inlet building 

	1.2 References 
	.1 The following is a list of standards which may be referenced in this Section: 
	.1 IEEE: C62.41, Surge Voltages in Low-Voltage AC Power Circuits. 
	.2 NFPA: 
	.1 72, National Fire Alarm Code 
	.2 90A, Standard for the Installation of Air Conditioning and Ventilating Systems 
	.3 101, Code for Safety to Life from Fire in Buildings and Structures 

	.3 NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 
	.4 Telecommunications Industry Association (TIA): 
	.1 232, Interface Between Data Terminal Equipment and Data Circuit Terminating Equipment Employing Serial Binary Data Interchange 
	.2 485, Electrical Characteristics of Generators and Receivers for Use in Balanced Digital Multipoint Systems 

	.5  ULC: 
	.1 S524-M, Standard for the Installation of Fire Alarm Systems 
	.2 S525, Standard for Audible Signal Devices for Fire Alarm Systems 
	.3 S526, Standard for Visual Signal Devised for Fire Alarm Systems 
	.4 S527, Standard for Control Units for Fire Alarm Systems 
	.5 S528, Standard for Manual Pull Stations for Fire Alarm Systems 
	.6 S529, Standard for Smoke Detectors for Fire Alarm Systems 
	.7 S530, Standard for Heat Activated Fire Detectors for Fire Alarm Systems 
	.8 S536, Inspection and Testing of Fire Alarm Systems 
	.9 S537-M, Standard for the Verification of Fire Alarm Systems 
	.10 S541, Standard for Speakers for Fire Alarm Systems 
	.11 S553, Manual Pull Stations for Fire Alarm Systems, Including Accessories 

	.6 UL: 
	.1 217, Single and Multiple Station Smoke Alarms 
	.2 228, Door Closures-Holders, With or Without Integral Smoke Detectors 
	.3 268, Smoke Detectors for Fire Protective Signaling Systems 
	.4 286A, Smoke Detectors for Duct Application 
	.5 464, Audible Signal Appliances 
	.6 497B, Protectors for Data Communication and Fire Alarm Circuits 
	.7 864, Control Units for Fire-Protective Signaling Systems 
	.8 1449, Standard for Transient Voltage Surge Suppressors 
	.9 1480, Speakers for Fire-Protective Signaling Systems 
	.10 1604, Electrical Equipment for Use in Class I and Class II, Division 2, and Class III Hazardous (Classified) Locations 
	.11 1638, Visual Signaling Appliances – Private Mode Emergency and General Utility Signaling 
	.12 1971, Signaling Devices for the Hearing Impaired 



	1.3 Definitions 
	.1 Addressable: A fire alarm system component with a unique identification that can have its status individually identified or that is used to individually control other functions. 
	.2 AHJ: Authority Having Jurisdiction 
	.3 BAS: Building Automation System 
	.4 CAD: Computer Aided Design 
	.5 Coded: Audible or visible signal that conveys information about alarm event.  Examples are, number of rings of a bell or flashes of a strobe.  This could be used to convey location or type of alarm. 
	.6 dB: Decibels 
	.7 DXF: Drawing Interchange Format 
	.8 ECP: Environmental Control Panel 
	.9 FACP: Fire Alarm Control Panel 
	.10 HVAC: Heating, Ventilating, and Air Conditioning 
	.11 I/O: Input/Output 
	.12 LCD: Liquid Crystal Display 
	.13 LED: Light-Emitting Diode. 
	.14 MOV: Metal Oxide Varistor 
	.15 RAM: Random Access Memory 
	.16 SOM: Sequence of Operations Matrix 
	.17 Zone: A defined area within the protected premises.  A zone is an area from which an alarm signal can be received or an area to which a signal can be sent.  

	1.4 Design Requirements: 
	.1 Drawings show location of fire alarm panel, annunciator panel, emergency alarm components, fire suppression system switches.  Other component locations and quantities shall be determined by Contractor and shall be included as part of their design.  This includes, but is not limited to, smoke detectors, heat detectors, manual pull stations, duct detectors, notification appliances. Design and installation shall meet requirements of the local AHJ. 
	.2 Drawings show location of fire alarm system components. 
	.3 Coordinate, and include in design, requirements for interfacing with fuel transfer system. 
	.4 Equipment suitable for addressable fire alarm system. 

	1.5 Performance Requirements: 
	.1 Actuation of alarm (heat detector or other normally open initiating device contact) or trouble (trouble or supervisory switch) shall cause audible and visual indications of alarmed devices on FACP display, and on remote annunciator. 
	.2 Allow for fibre optic connection to master FACP for remote alarm and trouble indication. 
	.3 Actuation of heat detectors in generator room shall shut down fuel transfer system. 

	1.6 Submittals 
	.1 Action Submittals: 
	.1 Descriptive product information for each individual system component including Manufacturer’s name, model number, ratings and power requirements. 
	.2 Dimensional drawings of panels and associated equipment. 
	.3 Itemized bill of material. 
	.4 Operating and programming instructions. 
	.5 Control panel configuration and module data. 
	.6 Complete point to point wiring diagrams of system and device interconnection.  Identify spare connection points. 
	.7 Alarm initiating, indicating, and supervisory device electrical data. 
	.8 Annunciator configuration and module data. 
	.9 Plans showing device and panel locations as well as conduit and cable sizes.  Prepare drawings and diagrams on drawing sheets of uniform size without extraneous information.  Marked up electrical, HVAC, lighting or similar drawings or copies of catalog data sheets are not acceptable in lieu of required drawings or diagrams. 
	.10 Sequence of Operation Matrix. 
	.11 Battery sizing calculations. 
	.12 Supervisory power requirements for equipment. 
	.13 Alarm power requirements for equipment. 
	.14 Power supply rating justification showing power requirements for system power supplies. 
	.15 Voltage drop calculations for wiring runs, demonstrating worst case condition. 
	.16 Conduit fill calculations. 
	.17 Sample warranty. 
	.18 Recommended types and quantities for spare parts. 
	.19  For each system’s control panel, provide written schedule of active and spare addresses provided on each addressable circuit. 

	.2 Informational Submittals: 
	.1 Experience and qualifications of firm(s) proposed to design and install system. 
	.2 Certifications documenting service technician’s training. Certification shall indicate name of individual, training, dates, systems qualified, and current status. 
	.3 Copy of design documents, Shop Drawings, and calculations submitted to code-enforcement authorities. 
	.4 Code-enforcement authority approval letter. 
	.5 Factory test reports. 
	.6 O&M Data as specified in Section 01730 – Operation and Maintenance Manuals. 
	.7 Detailed program and schedule for testing, inspection, and maintenance of fire alarm system that satisfies requirements of ULC S524, NFPA 72, Manufacturer’s recommendations, and AHJ. 
	.8 Written documentation for logic modules as programmed, for system operation, with matrix showing interaction of input signals with output commands. 
	.9 System program hard copy and CD-ROM showing system functions, controls, and labelling of equipment and devices. 
	.10 Documentation of system voltage, current, and resistance readings taken during system installation and testing. 
	.11 System Record Drawings and wiring details including one set of reproducible masters and drawings on CD-ROM in a DXF format suitable for use in a CAD drafting program. 
	.12 NFPA 72, Record of Completion: Submit to Contract Administrator and code enforcement authorities. 
	.13 NFPA 72, Inspection and Testing Form: Submit to Contract Administrator and code enforcement authorities. 


	1.7 Quality Assurance 
	.1 Qualifications: 
	.1 Technician with minimum of Engineering Technologist Certification for fire alarm systems or Professional Engineer registered in Province of Manitoba shall be available on Site. 
	.2 Service technician shall be formally trained by Manufacturer. 

	.2 Regulatory Requirements: Submit Shop Drawings and system design calculations for approval to the following code enforcement authorities. 
	.1 Local and national building codes. 
	.2 AHJ. 


	2. PRODUCTS 
	2.1 Manufacturers 
	.1 Materials, equipment, and accessories specified in this section shall be products of: 
	.1 Siemens Building Technologies 
	.2 Simplex/Grinnell 
	.3 Notifier Fire Systems 
	.4 Edwards Systems Technology 


	2.2 General 
	.1 Material and equipment shall be standard products of their respective manufacturers, and shall be of a model that has been in production for not less than three (3) years.  Equipment shall be supported by a service organization that is, in the opinion of Contract Administrator, reasonably convenient to Site. 
	.2 Contractor shall become familiar with details of Work, verify dimensions in field, and revise conduit and equipment locations to avoid obstructions and allow installation of new equipment. 
	.3 Contractor shall not begin system installation prior to receiving written approval of Shop Drawings from Contract Administrator. 
	.4 Electrical equipment shall be CSA Approved. 

	2.3 UL/ULC Compliance 
	.1 Products manufactured within scope of UL of ULC shall conform to UL/ULC Standards and have an applied UL/ULC listing mark. 
	.2 Equipment shall be UL/ULC listed in accordance with requirements of NFPA. 

	2.4 Service Conditions 
	.1 Altitude: Not greater 260 m above sea level. 
	.2 Ambient Temperature: 
	.1 Maximum 40oC. 
	.2 Minimum 10oC. 

	.3 Equipment shall be fully rated without derating for these conditions. 

	2.5 Posted Operating Instructions (POI) 
	.1 POIs shall be prepared on full size drawing sheets. 
	.2 POIs shall be framed in extruded metal frames, mounted under glass and shall be water/weather resistant. Instructions shall be permanently mounted on reserved wall area in space shown on Drawings. 
	.3 POIs shall include: 
	.1 Facility floor plans showing location of fire equipment and devices with coordinated identification.  Show items such as firewalls, fire dampers, and fire alarm devices. 
	.2 Fire alarm wiring diagrams and schematics, with zone identification and device address list. 


	2.6 Fire Alarm Control Panels 
	.1 General: 
	.1 Control panel circuit for 24 VDC, power limited, initiating circuits per NFPA 70, Article 760. 
	.2 Enclosure: 
	.1 NEMA 250 Type 1 
	.2 Color: Red 

	.3 Internally Mounted Module with: 
	.1 Transformer with 120 VAC input. 
	.2 Solid state rectifier, fuse protected, filtered, and regulated. 
	.3 Solid state transfer switch, minimum 8 amp-hours. 
	.4 Standby batteries sized for system operating period of twenty four (24) hours of standby mode operation. 
	.5 Solid state battery charger. 
	.6 Over/under voltage monitor supervisory circuit. 
	.7 LEDs for status of normal power, battery trouble, and power supply module trouble. 
	.8 Alarm mode of 5 minutes after standby operation. 

	.4 Local differentiating audible sound device for alarm, trouble, and supervisory conditions. 
	.5 Full digital transmission protocol. 
	.6 Addressable signal transmission protocol to be either digital pole/response protocol or proprietary communication protocol, with all antilog sensing device signals digitally transmitted to control panel. 
	.7 Form C output circuitry for remote alarm control panel rated for a minimum of 2.0 amps at 30 VDC. 
	.8 MOV/gas discharge transient protection for power supply module, plus initiating and indicating alarm devices. 
	.9 For addressable systems provide additional 20 percent capacity for future indicating and initiating devices. 
	.10 EMI/RF Protection: 
	.1 Protect control equipment, devices, and wiring against unwanted radiated electro magnetic interference (EMI) and from affects of audio and radio frequencies (RF) that can cause transmission of spurious alarms. 
	.2 System shall be designed and installed so as to be unaffected (with control cabinet faceplates installed) by operation of handheld, portable radios of up to 5 watts, or portable cellular telephones up to 1 watt, within 300 mm of system components. 


	.2 Three-Mode Control Panel: 
	.1 Alarm, supervisory, and trouble modes of operation. 
	.2 Modular construction with solid state microprocessor-based components and central processing unit, continuously scanning each module for status change. 
	.3 Operator Interface Panel: 
	.1 Indicators, control switches, and tone device. 
	.2 LCD or digital display to indicate event type and zone location or LEDs with differentiating color lenses for: 
	.1 AC power on 
	.2 Power trouble 
	.3 System trouble 
	.4 Supervisory alarm 
	.5 Earth-ground trouble 
	.6 Alarm for each zone 
	.7 Trouble for each zone 
	.8 Alarm signaling circuit trouble 
	.9 Annunciator circuit trouble 

	.3 Control Switches for: 
	.1 Alarm silence 
	.2 System reset 
	.3 Trouble signal silence and ring-back feature 
	.4 Municipal connection circuit disconnect 
	.5 Manual evacuation drill 
	.6 Auxiliary one bypass 
	.7 Auxiliary two bypass 

	.4 Piezo-electric tone device with pulsed march time rate for alarm and continuous for trouble conditions. 

	.4 Separate annunciator outputs rated 2 mA supervisory and 120 mAs alarm. 
	.5 Smoke Detector Output: 
	.1 Two or four wire as required, rated 2 A, 24VDC. 
	.2 Interrupted when system is reset. 

	.6 Supervised remote inputs for alarm silence and system reset. 
	.7 Switch Selectable: 
	.1 System diagnostic tests 
	.2 Alarm verification 
	.3 Alarm silence inhibit 
	.4 March time alarm code at cadence of 120 beats per minute 
	.5 Temporal alarm code repeated at ½ second on and off intervals 
	.6 Signal alarm circuit cutout 
	.7 Manual evacuation 
	.8 Selective signaling 

	.8  Four alarms and one trouble, Form C auxiliary/output relays rated 2 A, 30 VDC, 0.5 A, 120 VAC each. 
	.9 Minimum of twelve (12) input zones. 

	.3 Addressable Control Panel: 
	.1 Modular construction with solid state, microprocessor-based components, programmable central processor unit, back lighted display of primary control status and essential alarm operating conditions, and concealed, maintenance, purpose operator’s keypad. 
	.2 Class B Signaling Line Circuits. 
	.3 Class B, Style Y Notification Appliance Circuits. 
	.4 Class B, Initiating Device Circuits. 
	.5 Main control module consisting of operator’s keyboard/keypad, local and remote communications and supervision capabilities, system control memory, and programming interface. 
	.1 Two-line, back lighted, 80 alphanumerical LCD characters with: 
	.1 Visible cursor for entering data information. 
	.2 Displayable when cabinet door is open. 

	.2 Primary operators keypad with: 
	.1 Acknowledge keys and LEDs for system alarm, supervisory service, and system trouble conditions. 
	.2 Power on LED. 
	.3 Alarm silence reset keys. 
	.4 Displayable when cabinet door is closed. 

	.3 Pass code protected action display keypad for: 
	.1 Circuit/device enable or disable 
	.2 Control on/off 
	.3 Test/status 
	.4 Auto or manual 
	.5 Activate/reset 
	.6 Display historical logs/real time 
	.7 Function/menu 
	.8 Program 
	.9 Delete 
	.10 Displayable when cabinet door is open 

	.4 Numerical entry and selection keypad, used in conjunction with action display keypad, to perform control function on system zones, initiating circuits, or auxiliary relays, and to gain access to system information.  Displayable when cabinet door is closed. 
	.5 Programmable control keypad with five pass code keys, associated LEDs, and identification labels for: 
	.1 Manual evacuation 
	.2 Displayable when door is open 

	.6 Four function keys for control of variable functions related to primary operations keypad, displayable when door is open. 

	.6 TIA 485, NFPA 72, Style 4, Style 6, or Style 7 data circuit capability for remote annunciators. 
	.7 Form C relay contacts rated 2 A, 24 VDC. 
	.8 Down loader port for connection to microprocessor-based transponder. 
	.9 Power supply interface module generating digital voltage and current data to LCD with: 
	.1 DC power conversion and output terminals. 
	.2 Supervision and control of power supply. 

	.10 Modules with coded input on first alarm, local trouble LED, and in/out capabilities for: 
	.1 120 addressable initiating alarm sensors consisting of analog/addressable or traditional detector methods. 
	.2 Four hardwired I/O points, field selectable in any combination to be either NFPA 72, Style B or Style D, initiating device circuits or NFPA 72, Style Y or Style Z, indicating appliance circuits or auxiliary control circuits. 
	.3 Auxiliary control circuit contacts shall be single-pole, double-throw, rated 2 amperes at 24VDC and 0.5 A at 120VAC. 

	.11 Auxiliary control circuit contacts shall be single-pole, double-throw rated, 2 A at 24 VDC and 0.5 A at 120 VAC. 
	.12 Two isolated TIA 232 communication port modules. 


	2.7 Central Processing Control Panel 
	.1 Modular construction with solid state, microprocessor-based programmable control processor, printer, operator console, and 10 levels of priorities for staging of system events. 
	.2 Operator Panel: 
	.1 80 character, 2 line, LCD display. 
	.2 Individual keys for location information, silence signal, and detector reset. 
	.3 Lamp test pushbutton with associated LED. 
	.4 Priority and trouble alarm light-emitting diode and associated acknowledge pushbuttons. 

	.3 Examine pushbuttons for “Monitor On” and activating control points. 
	.4 Keyboard consisting of 48 keys labelled with letters, numbers, and options for programming and operational commands. 
	.5 Printer with thermal print head for 20 column record system events produced in 80 column format. 
	.6 Input/output ports as required for TIA 232 communication to local UL listed printer. 
	.7 Selectable alarm verification and distribution processing. 
	.8 Capable of interfacing with remote panels connected to hardwire circuits with: 
	.1 Analog/addressable or traditional detectors. 
	.2 Either normally open or normally closed contacts. 
	.3 Supervised and 24VDC operated fire alarm signaling circuits. 
	.4 Capable of interfacing with NFPA 72, hard-wired, Style B and Style D, initiating device circuits and NFPA 72, hard-wired, Style Y and Z, indicating appliance circuits. 
	.5 Fibre optic network capability. 


	2.8 LED Lighted Annunciator 
	.1 Modular constructed back illuminated, with group mounted LEDs installed in surface mounted cabinet having lockable, full hinged door panel, and red baked enamel finish. 
	.2 Rectangular LED units extending through black modular insert with multiple red LEDs per module, engraved zone identification nameplate above each lamp, group mounted with quick disconnect harness, and attached to door by concealed fasteners. 
	.1 Nameplates: 
	.1 12 mm high by 12 mm wide. 
	.2 Two lines with 11 maximum, 2.4 mm high engraved letters, and spaces per line. 
	.3 Black plate surface with white engraved letters. 


	.3 LED test feature with one test switch mounted on cabinet back plate for group test of LEDs on each module. 
	.4 Remote system reset key switch, trouble assembly consisting of LED, buzzer, and relay and key switch for trouble silence, two-step drill key switches, operating power trouble lamp, and audible tone alarm. 

	2.9 Serial Annunciators 
	.1 Modular constructed with 80 character LCD display and remote command modules installed in surface mounted cabinet having lockable, full hinged door panel, and red baked enamel finish. 

	2.10 Addressable Detector Base 
	.1 Solid state circuitry with integral LED visual alarm, remote LED output, DIP switch or program selectable addressing, and common base receptacle for ionization, photoelectric, and heat detectors.  Device address shall be located in base. 
	.2 Constantly monitors detector status and status changes. 
	.3 Suitable for mounting on standard outlet box. 
	.4 Normally open contacts rated 3 A, for resistive loads. 

	2.11 Individual Addressable Module 
	.1 Solid state circuitry with selectable latch/nonlatch operating conditions and mounting plate. 
	.2 Monitors single and multiple devices with dry contacts. 
	.3 Suitable for installing inside 100 x 100 mm by 64 mm electrical box. 

	2.12 Initiating Device 
	.1 Pull Station, Fire: 
	.1 Constructed of die-cast metal with baked red enamel finish, weatherproof housing, and raised white letters stating “FIRE.” 
	.2 Finished Areas: Flush-mounted with hinged front cover having keyed or allen-wrench reset lock.  Provide surface mounted type in unfinished areas. 
	.3 Where required, rated for use in hazardous environments. 
	.4 Recessed pull handle for single action lift door and pull handle for double action operating station with plastic break rod. 
	.5 Activated station pull handle, latched in protruding position until reset by key. 
	.6 Stations keyed alike with FACP. 
	.7 Normally open, contacts rated 3 A, for resistive loads. 
	.8 Manual Pull Station: Microprocessor-based communication circuit, DIP switch selectable address, and compatible with FACP. 

	.2 Heat Detector: 
	.1 Combination rate-of-rise and fixed, temperature elements with 57oC trip setting, complete with addressable mounting base. 
	.2 Fixed temperature elements with high temperature trip point in generator room, complete with addressable mounting base. 
	.3 Nonrestorable fixed temperature elements self-restoring rate-of-rise temperature elements. 
	.4 Dangling disk indicator for activated fix temperature element LED indicator for activated rate-of-rise temperature element. 
	.5 Attach detector bases on surface mounted octagon boxes. 
	.6 Conceal surface mounted boxes with surface trim skirt. 
	.7 Double-screw terminals for supervised connection. 
	.8  Normally open, contacts, rated 3 amperes, for resistive loads. 

	.3 Intelligent Fire Detectors: 
	.1 Photoelectric and thermal detector software programmable from FACP to match specific hazards and reduce nuisance tripping. 
	.2 Addressable base to be field mounted on octagon box. 
	.3 Software programmable to provide pre-alarm notification. 
	.4 Capable of producing alarm from photoelectric detector, thermal detector, or microprocessor logic. 
	.5 Field cleanable chamber with replaceable chamber components. 
	.6 LED in base to provide status; Pulsed green for normal status, flashing amber for fault or fail condition, and flashing red for alarm. 

	.4 Detector Accessories: 
	.1 Remote test station and power-on indictor with LED alarm indicator and two-position, key-operated switch for air duct smoke detectors. 
	.2 Remote LED alarm indicator. 
	.3 End-of-line device with normally open relay contacts for zone voltage monitoring. 


	2.13 Alarms 
	.1 Audible Alarm: 
	.1 General: 
	.1 Polarized, 24 VDC device with sound power measured dB in accordance with UL 464. 
	.2 Separate in/out wire leads for field connections. 
	.3 Baked red enamel finish. 
	.4 Audibility: In accordance with NFPA 72 and local requirements. 

	.2 Modular Horn: 
	.1 Surface basic unit, complete with projector, designed for mounting on 100 mm square standard electrical box. 
	.2 Manufacturer supplied box with flush grille plate and basic surface unit for recessed horns. 
	.3 Explosion-Proof Horns: Vibrating diode type with sealed wires, and tapped for 20 mm conduit in accordance with UL 1604. 

	.3 Modular Bell: Vibrating basic unit complete with 150 mm gong and outdoor yard hood, designed for mounting on 100 mm weatherproof electrical box. 
	.4 Chime: Vibrating type with field adjustable volume control, designed for mounting on 100 mm square electrical box. 
	.5 Single protection type bell with weatherproof housing, rated for 120 VAC motor, adjustable mounting bracket, and audible output of 115 dB. 

	.2 Visual Alarm, Fire: 
	.1 Polarized, 24 VDC multi candela indicating output per UL 1638. 
	.2 Solid state circuitry for control of xenon flashtube. 
	.3 Tamper-proof, translucent molded, polycarbonate, pyramidal shaped lens with “FIRE” in red lettering visible from 180 degree viewing field; red enclosure. 
	.4 Polarized in/out wiring. 
	.5 Designed for mounting on wall or ceiling as required, single-gauge electrical box, or as part of audible/visible base housing. 

	.3 Visual Alarm, Emergency Alarm: 
	.1 Polarized, 24 VDC, 100 candela indicating output per UL 1638. 
	.2 Solid state circuitry for control of xenon flashtube. 
	.3 Tamper-proof, translucent blue, molded polycarbonate, pyramidal shaped lens with “EMERGENCY” in lettering visible from 180-degree viewing field; blue enclosure. 
	.4 Polarized in/out wiring. 
	.5 Designed for mounting on wall or ceiling as required, single-gauge electrical box, or as part of audible/visible base housing. 

	.4 Audio Visual Alarm: 
	.1 Audible/visible base housing with visual alarm and front mounted horn as specified. 
	.2 Semi-flush mounting on recessed 4 gauge square electrical box or surface mounted on backbox with adapter. 
	.3 Audibility: In accordance with NFPA 72 and local requirements. 
	.4 Synchronous audible/visible output. 

	.5 Bi-Color Warning Lights: 
	.1 Corrosion-resistant metal fixture with green and red globes. 
	.2 24 VDC, LED lamps; green steady, red flashing. 
	.3 UL Listed for wet and outdoor installation. 
	.4 Wall mount design. 


	2.14 Wiring 
	.1 AC power wiring shall meet requirements of Section 16122 –  Wires and Cables 0-1000V. 
	.2 Low voltage wiring shall be solid copper or bunch tinned (bonded) stranded copper, minimum 14 AWG, and shall meet NEC Article 760 for nonpower limited service. 
	.3 Network or addressable loop cables shall be as recommended by manufacturer for installation of their system and UL Listed for Fire Alarm Systems. 

	2.15 Raceways 
	.1 Conduit used for installation of Fire Alarm system shall follow requirements as identified in Section 16111 – Conduit, Conduit Fastenings and Conduit Fittings. 
	.2 Coordinate with Div. 16. 

	2.16 End-of-Line Resistors 
	.1 Ohmic value and power rating as determined by manufacturer based upon number of circuit devices supplied and circuit configuration as installed. 

	2.17 Surge Suppressors 
	.1 TVSS: 
	.1 Provide to suppress voltage transients that might damage fire alarm panel/transmitter components.  Unit shall wire in series to power supply of protected equipment with screw terminations. 
	.2 Unit shall be UL 1449 listed with a 330 V suppression level and have a maximum response time of 5 ns. 
	.3 Unit shall meet IEEE C62.41 Category B tests for surge capacity. 
	.4 Features: 
	.1 Multi-stage construction that includes inductors and silicon avalanche zener diodes.  
	.2 Long life indicator lamp (LED or neon lamp) which extinguishes upon failure of protection components.  Fusing shall be externally accessible when this feature is available. 

	.5 Manufacturer and Product: Edco of Florida, Ocala, FL; Model HSP 121BT2. 



	3. EXECUTION 
	3.1 General 
	.1 Coordinate with other trades for mounting and interfacing with fire alarm system related devices. 
	.2 Install control panels, initiating and alarm devices, conduit, and wiring for interconnection of devices specified herein. 

	3.2 Installation 
	.1 Install and connect fire detection and alarm equipment in accordance with manufacturer’s instructions and recommendations, and in accordance with applicable codes and standards. 
	.2 Mount devices in accordance with Manufacturer’s instructions. 
	.3 Provide outlet and junction boxes that are compatible with raceway system. 
	.4 Mount detector LEDs so they are readily visible from floor. 
	.5 Install conductors in accordance with Section 16122 – Wires and Cables 0-1000V. 
	.6 Install initiating alarm, signal, and communication conductors in separate and independent raceway system. 
	.7 Circuit wiring color-code, as established by Contractor, to be maintained throughout installation. 
	.8 Size conductors in accordance with device manufacturer’s recommendations.  Increase AWG size of alarm conductors, if necessary, to maintain terminal voltage drop within acceptable level required by NEC and NFPA. 
	.9 Detectors shall not be installed until after construction clean up of trades is complete, per requirements of NFPA.  Exception, where required by AHJ for protection during construction, detectors installed prior to final clean-up by trades shall be cleaned or replaced. 

	3.3 Conduit 
	.1 Requirements apply to fire alarm system conduits, electrical enclosures, terminal cabinets, junction boxes, pullboxes, and device backboxes. 
	.2 Conduit systems shall be dedicated to fire alarm system and shall contain no unrelated conductors. 
	.3 Fire alarm system conduits shall be of sizes and types specified under Section 16111 – Conduits, Conduit Fastenings, and Conduit Fittings. 
	.1 Conduit shall be as identified under Section 16111 – Conduits, Conduit Fastenings, and Conduit Fittings.  Flexible metallic conduit may be used for whips to devices only, maximum length 1.8 m, 20 mm diameter minimum.  Set screw type couplings or connectors are specifically prohibited. 
	.2 Size conduits according to conductors contained therein.  Cross sectional area percentage fill for fire alarm system conduits shall not exceed 40 percent. 

	.4 Route and install conduit to minimize potential for physical damage, either mechanical or by fire, and so as not to interfere with existing building systems, facilities or equipment, and to facilitate service and minimize maintenance.  Coordinate installation between different trades to avoid conflicts. 
	.1 Conduit, except flexible conduit whips to devices, shall be solidly attached to building structural members or permanent walls.  Conduit shall not be attached to existing conduit, ductwork, cable trays, other ceiling equipment, drop ceiling hangers/grids or partition walls, except where necessary to connect to initiating, evacuation signalling or auxiliary function devices. 
	.2 Conduit shall be routed either parallel or perpendicular to building structural members. 
	.3 Conduit shall be installed at a height so as not to obstruct any portion of a window, doorway cable tray, stairway or a passageway, and shall not interfere with operation of existing mechanical or electrical equipment. 
	.4 Conduit, junction boxes, pull boxes, terminal cabinets, electrical enclosures and device backboxes shall be readily accessible for inspection, testing, service and maintenance. 
	.5 Conduits shall be arranged to minimize the possibility of water in those conduits draining through control panels. 
	.1 Conduit, except nipples between control panels shall be arranged to enter control cabinets from below. 
	.2 Conduit shall be provided with three, 6 mm drain holes at horizontal low point beneath each control cabinet. 

	.6 Bushings shall be provided at termination of conduit, prior to installation of wire. 
	.7 Install junction boxes as necessary.  Conductors shall be pulled through junction boxes, without splices. 
	.8 Pullboxes shall be installed in each conduit at intervals not to exceed 100 ft. Pullboxes shall be 100 mm square, minimum. 
	.9 Device backboxes and junction boxes shall be sized to accommodate number of conductors contained.  Extension rings or extension boxes are prohibited. 
	.10 Junction boxes, pull boxes, terminal cabinets, device backboxes, and raceways shall be gasketed and weather-tight per requirements of Section 16111 – Conduits, Conduit Fastenings and Conduit Fittings. 

	.5 Conduit, junction boxes, panels, electrical enclosures, relays and device backboxes shall be exposed in unfinished areas.  Conduit and device backboxes shall be concealed in walls, ceiling spaces, electrical shafts or closets, in finished areas, except as noted on Drawings. Exposed conduit penetrations of walls shall be provided with escutcheon plates on either side of the wall. 
	.6 Conduit penetrations of walls, floors and ceilings will be sealed around conduit(s), by other, restoring walls, floors and ceilings to their original condition, fire resistance and integrity. 
	.7 Pull boxes, junction boxes, conduit bodies, and terminal cabinets shall be painted “fire engine red” prior to installation.  Provide touch-up painting, of normally visible pull boxes, junction boxes, and terminal cabinets prior to final acceptance testing. 
	.8 Conduit shall be grounded by approved ground clamps. 
	.9 Mount end-of-line resistors on terminal blocks. 
	.10 Detection and alarm wire shall be installed in separate conduits.  Outgoing and return conductors for each supervised circuit shall be routed in separately as required by NFPA 72.  The minimum separation of outgoing and return conduits shall be 300 mm vertically and 1.2 m horizontally. 

	3.4 Identification 
	.1 Junction, terminal, and pulling box covers shall be painted red and identified with engraved labels by loop number and circuit that it contains. 
	.2 Detection and terminal devices shall have engraved alphanumeric identification that shall be keyed to posted operations and maintenance instructions. 

	3.5 Conductors 
	.1 Requirements apply to fire alarm system conductors, including all signalling line, initiating device, indicating appliance, releasing function, remote signalling, AC and DC power and grounding/shield drain circuits. 
	.2 Conductors shall be: 
	.1 New.  Wire that has scrapes, nicks, gouges or crushed insulation shall not be used. 
	.2 Installed in conduit. 
	.3 Continuous between devices and between devices and intermediary terminal cabinets. 
	.4 Low voltage conductors shall be minimum size No. 14 AWG.  Smaller conductors shall only be permitted where part of a manufacturer’s specific communications cable, i.e. addressable system. 

	.3 Splices in conductors are specifically prohibited. 
	.4 Types: 
	.1 Conductors, except ac power conductors and grounding conductors, shall be solid copper or bunch tinned (bonded) stranded copper. 
	.2 Stranded copper conductors are acceptable for ac power conductors and grounding conductors only. 

	.5 Terminations, including field connections to supervisory resistors, diodes, relays or other devices shall be to numbered terminals or terminal strips and readily accessible for inspection, service, testing and maintenance. 
	.1 Terminations shall be within junction boxes, device backboxes, terminal cabinets, control panels or other suitable metal enclosures. 
	.2 Terminals and terminal strips shall be suitable for the size and number of conductors connected to them. 
	.3 Each conductor termination shall be uniquely numbered with durable plastic tags or uniquely identifiable by a combination of numbers and color codes.  These conductor numbers shall be shown on Contractor’s Record Drawings (floor plans and detailed wiring diagrams) in a manner allowing ready identification of conductor terminations. 
	.4 Wire nuts are prohibited. 
	.5 Where pigtail devices are factory provided with wires too short to be connected to terminal strips (i.e., solenoids), such connections shall be soldered and taped. 

	.6 Control Panel Wiring: 
	.1 Fully dressed and bundled with nylon tie wraps at 75 mm intervals. 
	.2 Bundled wiring shall be routed parallel to terminal strips within control panels, with individual conductors turned out at 90° angles to their associated terminal connections. 
	.3 AC power conductors shall be bundled and routed separately from low voltage conductors.  A minimum 50 mm separation shall be maintained between ac power conductors and low voltage conductors wherever possible. 
	.4 Control cabinets shall be sized to accommodate the requirements of this Section. 
	.5 Control panels shall not be used as raceways.  Conductors that do not terminate within a control panel shall not be routed through that control panel. 

	.7 Conductors shall be separated into the following categories: 
	.1 Low voltage circuits that serve devices. 
	.2 AC power circuits. 

	.8 Each category of conductors shall be installed in physically separated, dedicated conduits, and shall not interface with one another, except at common associated control equipment.  Conductors shall be further segregated as necessary to conform to fire alarm system Manufacturer’s recommendations and as necessary to prevent electrical crosstalk between conductors installed in common conduits. 
	.9 Wiring shall be THHN or TFFN stranded.  Use of multi-conductor twisted pair or similar wiring is not permitted. 
	.10 Install as nonpower limited circuits in accordance with NFPA 72. 
	.11 Conductors looped around terminals are prohibited. 
	.12 Wire nut splices are prohibited. 
	.13 T-tapping of circuits is prohibited. 
	.14 Circuits shall be megger tested to voltage rating of their insulation before final terminations are made. 

	3.6 Overvoltage and Surge Protection 
	.1 Install TVSS for FACP per manufacturer’s requirements. 

	3.7 Repair/Restoration 
	.1 Touch up scratches, mars, and dents, incurred during shipment or installation of equipment. 
	.2 If required because of extensive damage, as determined by Contract Administrator, refinish entire assembly. 
	.3 Keep covers on smoke detectors until areas have been thoroughly cleaned. 

	3.8 Tests and Inspection 
	.1 In accordance with ULC S537 and NFPA 72. 
	.2 Demonstrate entire system meets performance requirements specified in Article System Description. 
	.3 Perform tests in presence of code-enforcement authorities and Contract Administrator 
	.4 Each smoke detector shall be individually field tested prior to installing device at its designated location to ensure reliability after shipment and storage conditions.  A dated log indicating system address, type of device, sensitivity and initials of technician performing test, using test equipment specifically designed for that purpose, shall be prepared and kept for final acceptance documentation. After testing detection devices, base shall be labeled with system address, date, and initials of installing technician.  Labeling shall not be visible after installation is complete. 
	.5 Test wiring runs for continuity, short circuits, and grounds before system is energized. Resistance, current, and voltage readings shall be made as work progresses. 
	.1 Systematic record shall be maintained of all readings using schedules or charts of tests and measurements.  Areas shall be provided on logging form for readings, dates, and witnesses. 
	.2 Notify AHJ and Contract Administrator before start of any required tests.  Correct items found at variance with Drawings or Specification during testing or inspection. 
	.3 Deliver test reports to AHJ and Contract Administrator as completed. 

	.6 Prepare as-built Sequence of Operations Matrix referencing each alarm input to every output function affected as a result of an alarm, trouble, or supervisory condition on that.  In case of outputs programmed using more complex logic functions involving “any”, “or”, “not”, “count”, “time”, and “timer” statements; complete output equation shall be referenced in matrix. 
	.7 Prepare complete listing of device labels for alphanumeric annunciator displays and logging printers prior to acceptance test. 
	.1 Test system wiring to demonstrate correct system response and correct subsequent system operation in event of: 
	.1 Open, shorted, and grounded intelligent analog signaling line circuit. 
	.2 Open, shorted, and grounded network signaling line circuit. 
	.3 Open, shorted, and grounded conventional initiating device circuits. 
	.4 Primary power or battery disconnected. 
	.5 Intelligent device removal. 
	.6 Incorrect device address. 
	.7 Loss of data communications between system control panels. 
	.8 Loss of data communications between system annunciators. 

	.2 Demonstrate system evacuation alarm indicating appliances as follows: 
	.1 Alarm notification appliances actuate as programmed. 
	.2 Audibility and visibility at required levels. 

	.3 System indications shall be demonstrated as follows: 
	.1 Correct message display for each alarm input, at control panel, each remote alphanumeric LCD display. 
	.2 Correct annunciator light for each alarm input, at each annunciator and color graphic terminal. 

	.4 Demonstrate system onsite and offsite reporting functions as follows: 
	.1 Correct alarm custom message display, address, device type, date and time transmitted, for each alarm input. 
	.2 Correct trouble custom message display, address, device type, date and time transmitted, for each alarm input. 
	.3 Trouble signals received for disconnect. 

	.5 Secondary power capabilities shall be demonstrated as follows: 
	.1 Disconnect system primary power for a period of time as specified herein; at end of period, alarm condition shall be created and system shall perform as specified for period as specified. 
	.2 Restore system primary power for forty eight (48) hours and system-charging current shall be normal trickle charge for fully charged battery bank. 
	.3 Check system battery voltages and charging currents at FACP using test codes and LCD displays  


	.8 In the event system fails to perform as specified and programmed during acceptance test, test shall be terminated at discretion of acceptance inspector. 
	.1 Retest system, correcting deficiencies and providing test documentation to acceptance inspector.  
	.2 In event that software changes are required during acceptance test, system manufacturer to compare edited program with original and shall furnish utility program.  Utility shall yield printed list of changes and system functions, inputs and outputs affected by changes.  Items listed by program shall be minimum acceptable to be retested before calling for resumption of acceptance test.  Submit printed list and printer log of retesting before scheduling of acceptance test. 
	.3 Acceptance inspector may elect to require complete acceptance test to be performed again if, in their opinion, modifications to system hardware or software warrant complete retesting. 

	.9 Upon completion of tests, complete and provide the following: 
	.1 NFPA 72, Record of Completion, and Inspection and Testing Form. 
	.2 Certification that final system meets ULC. 


	3.9 Manufacturer’s Services 
	.1 Furnish Manufacturer’s Representative for the following services at Site or classroom as designated by Contract Administrator, for minimum person-days listed below, travel time excluded: 
	.1 Three (3) person-days for installation assistance and inspection. 
	.2 Three (3) person-days for Functional and performance testing. 
	.3 Two (2) person-days for Prestartup classroom or Site training. 
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	GENERAL 
	1.1 References 
	.1 NEMA Contactors and Motor Starters. 

	1.2 Related Work 
	.1 Connections to Mechanical Equipment: Section 16950 – Connections to Mechanical Equipment. 

	1.3 Starter Requirements 
	.1 In general, there are categories of starting equipment for three phase motors. 
	.1 Integral Mounted Starters:  Some items of mechanical equipment such as boilers, have the starter mounted as part of the equipment.  For this equipment, supply disconnects and wire to the terminals of the equipment. 
	.2 Separately Mounted Starters:  For motors without integral mounted starters, supply separately mounted starters as indicated on the Drawings and wire the equipment. 
	.3 Starters in MCC:  For motors fed from motor control centres, wire from the equipment to the motor control centres. 

	.2 Provide manual starters for all single phase motors unless otherwise indicated on the motor schedule. 
	.3 Provide interlocking between starters where required. 
	.4 All starter accessories such as pilot lights, Hand-Off-Auto, Start-Stop, etc. whether integrally or remote mounted shall be heavy duty oil tight, unless otherwise specified. 

	1.4 Shop Drawings and Product Data 
	.1 Submit Shop Drawings in accordance with Section 16010 – Electrical General Requirements. 
	.2 Indicate: 
	.1 Mounting method and dimensions 
	.2 Starter size and type 
	.3 Layout of identified internal and front panel components 
	.4 Enclosure types 
	.5 Wiring diagram for each type of starter 
	.6 Interconnection diagrams. 


	1.5 Operation and Maintenance Data 
	.1 Provide operation and maintenance data for motor starters for incorporation into manual specified in Section 16010 – Electrical General requirements. 
	.2 Include operation and maintenance data for each type and style of starter. 

	1.6 Maintenance Materials 
	.1 Provide maintenance materials and listed spare parts for each different size and type of starter: 
	.1 Three (3) contacts, stationary. 
	.2 Three (3) contacts, movable. 
	.3 One (1) contacts, auxiliary. 
	.4 One (1) control transformer. 
	.5 One (1) operating coil. 
	.6 Two (2) fuses. 
	10% indicating lamp bulbs used. 


	2. PRODUCTS 
	2.1 Materials 
	.1 Starters: to NEMA Standards 

	2.2 Enclosure 
	.1 All individually mounted motor starters shall be enclosed in a general purpose sheet steel enclosure unless in wet areas where they shall be watertight EEMAC 4. 

	2.3 For all motors 22.4 kW and above, the starters shall contain thermistor control relay and accessories. 
	2.4 Manual Motor Starters 
	.1 Manual motor starters of size, type, rating, and enclosure type as indicated, with components as follows: 
	.1 Switching mechanism, quick make and break 
	.2 Overload heaters, manual reset, trip indicating handle 
	.3 Rated volts and poles to suit application. 

	.2 Accessories: 
	Push-button: oil-tight labelled as indicated. 
	.2 Indicating lights: oil tight type and colour as indicated, LED lamps. 
	.3 Locking tab to permit padlocking in "ON" or "OFF" position. 


	2.5 Full Voltage Non Reversing (FVNR) Magnetic Starters 
	Magnetic and combination magnetic starters of size, type, rating and enclosure type as indicated with components as follows: 
	.1 Contactor solenoid operated, rapid action type 
	.2 Motor overload protective device in each phase, manually reset from outside enclosure 
	.3 Wiring and schematic diagram inside starter enclosure in visible location 
	.4 Identify each wire and terminal for external connections, within starter, with permanent number marking identical to diagram. 

	.2 Combination type starters to include motor circuit interrupter with operating lever on outside of enclosure to control motor circuit interrupter, and provision for: 
	Locking in "OFF" position with up to 3 padlocks. 
	.2 Independent locking of enclosure door. 
	.3 Provision for preventing switching to "ON" position while enclosure door open. 

	.3 Accessories: 
	Pushbuttons and selector switches: oil tight labelled as indicated. 
	.2 Indicating lights: oil tight type and red pilot light to indicate energized motor circuit and where called for, green pilot light to indicate de-energized motor circuit.  Pilot lights to be push-to-test transformer type. Lamps shall be LED type 
	.3 In addition to standard, 1-N/O and 1-N/C spare auxiliary contacts unless otherwise indicated. 
	.4 For all starters and components, provide interconnection wiring to Plant SCADA system.  Monitored status includes the following: 
	.1 COA control switch position 
	.2 Motor running status 



	Full Voltage Reversing (FVR) Magnetic Starters 
	Full voltage reversing magnetic starters of size, type, rating and enclosure type as indicated with components as follows: 
	.1 Two - 3 pole magnetic contactors mounted on common base 
	.2 Mechanical and electrical interlocks to prevent both contactors from operating at same time 
	.3 Three smart overload relays with adjustable settings, manual reset. 

	.2 Accessories: 
	Pushbuttons and selector switches: oil-tight labelled as indicated 
	.2 Indicating lights: oil-tight type and color as indicated, LED type lamp 
	.3 Auxiliary control devices as indicated. 


	2.7 Multi-Speed Starters 
	2 speed starters of size, type, rating and enclosure type as indicated. Starter suitable for constant torque, variable torque, or constant kW type motor (as required) and with components as follows: 
	.1 One (1) 3 pole contactor for each winding for separate winding motors. 
	.2 One (1) 3 pole and one (1) 5 pole contactor for each reconnectable winding for consequent pole type motors. 
	.3 Three overload relays with three heater elements and manual reset for each speed. 

	.2 Accessories: 
	Pushbuttons and selector switches: oil-tight labelled as indicated. 
	.2 Indicating lights: oil-tight, type and color as indicated, LED type lamp. 
	.3 Auxiliary control devices as indicated. 
	Automatic sequence accelerating and decelerating relays for each speed. 


	2.8 Control Transformer 
	.1 A control transformer of sufficient VA capacity, dry type, with primary voltage as indicated and 120 V secondary, complete with primary and secondary fuses (HRC Form J), installed in with starter as indicated. 
	.2 Size control transformer for control circuit load plus 20% spare capacity. 

	2.9 Finishes 
	.1 Apply finishes to enclosure in accordance with Section 16010 – Electrical General Requirements. 

	2.10 Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	.2 Manual starter designation label, white plate, black letters, size 1, engraved as indicated. 
	.3 Magnetic starter designation label, white plate, black letters, engraved as indicated. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install starters, connect power and control as indicated. 
	.2 Ensure correct fuses and overload devices elements installed. 

	3.2 Starter Verification 
	.1 Field check motor starters supplied prior to Performance Verification.  As a minimum, verify the following: 
	.1 Check of control circuits 
	.2 Verify that overload relay installed is correctly sized for motor used 
	.3 Record overload relay size and motor nameplate amperage 
	.4 Visual inspection of fuses and contactors 
	.5 Ensure all connections are tight. 

	.2 Measure and record motor amps, under load conditions and compare with full load amps and motor service factor.  Report any excessive readings and unbalance.  Measure voltage as close to motor terminals as possible while motor is running 
	.3 Set all motor circuit protectors to the minimum level which will consistently allow the motor to start under normal starting conditions. 

	3.3 Overload Relays 
	.1 For starters provided, select overload relays in accordance with relay and motor manufacturers’ recommendations, considering motor service factors, ambient temperature, temperature differences between motor and starter locations.  Monitor motor operation during start-up to ensure motor operation is satisfactory and relays provide proper protection.  For side inlet fans and other long acceleration time loads, provide special overload relays to suite the start-up condition.  Provide manufacturers’ curves and data sheets where necessary to provide supporting data for motor protection. 

	3.4 Field Quality Control 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems and manufacturer's instructions. 
	.2 Operate switches, contactors to verify correct functioning. 
	.3 Perform starting and stopping sequences of contactors and relays. 
	.4 Check that sequence controls, interlocking with other separate related starters, equipment, control devices, operate as indicated. 
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	1. GENERAL 
	1.1 Standards 
	.1 All VFDs shall meet or  exceed the following specifications. 
	.2 Provide a complete inventory (as specified) of spare cooling fans, and fuses, for each VFD supplied. 
	.3 Design the adjustable frequency controller to operate standard squirrel cage induction motor with a 1.15 S.F. or definite purpose motors meeting NEMA MG1 Part 31. 
	.4 Harmonic loading will not exceed a motor service factor of 1.0. 
	.5 Use products complying with IEEE Standard 519. 
	.6 Use VFD units that UL listed and CSA certified. 
	.7 VFD unit to comply with applicable requirements of the latest standards of CSA, ANSI, IEEE and the Canadian Electrical Code. 

	1.2 Tests 
	.1 Factory testing 
	.1 Factory test VFD units prior to shipment.  Provide confirmation from factory of actual tests completed and results. 
	.2 Provide certified copies of production test results required by CSA and EEMAC, prior to acceptance of the equipment. 

	.2 Field testing 
	.1 Employ the VFD Manufacturer’s Rep to provide on Site startup, fine-tuning, Performance Verification, operator training and instruction. 
	.2 Employ the VFD Manufacturer’s Representative to provide Site functionality test reports indicating loading/current levels during testing as well as control point proving results. 
	.3 Have the VFD Manufacturer’s Representative ensure shaft to ground voltages do not exceed 1.5 volts at any speed or load requirement. 
	.4 Allow for all costs and labour for as many trips as necessary to complete requirements. 
	.5 Provide a VFD installation that does not adversely affect the electrical system.  Included in the Contract Documents is information on the electrical system including:  
	.1 Single line drawing 
	.2 Additional information on electrical system layout and load profile 

	The VFD Manufacturer’s Rep can use this information to evaluate the predicted effect of the VFD installation on the electrical system and design input line reactors to mitigate these adverse effects. For the purposes of analysis, the point of common coupling (PCC) will be taken as the secondaries of the main 600 V distribution transformers. 
	.6 In conjunction with the Supplier, conduct a harmonic analysis upon completion of fine tuning and prior to Substantial Performance.  Conduct the harmonic analysis at 50%, 75%, and 100% speed under normal load conditions.  Perform a fourier (FFT) transform analysis spectrum for each waveform covering the fundamental to the 31st harmonic.  Should the waveform analysis indicate that either the input or output voltage and current levels of the VFD(s) exceed NEMA Standards for electric motors and IEEE 519, the VFD supplier to provide, at their cost, all the necessary line filtering equipment to correct the harmonic distortion.  

	.3 Provide certified copies of all production test results required by CSA and NEMA. 

	1.3 Shop Drawings 
	.1 Provide Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Indicate: 
	.1 Rating: voltage, amperage, maximum horsepower 
	.2 Mounting methods and dimensions 
	.3 Wiring diagram 
	.4 Layout and identification of front panel components 
	.5 Enclosure type 
	.6 Interconnection diagrams 

	.3 The Shop Drawings for each type/size of V.F.D. must be specific to that unit.  A generic shop drawing is not acceptable.  The shop drawings are to include dimensions and physical details of the cabinets, a wiring diagram and a ladder diagram showing both internal connections and terminals for field wiring.  Separate diagrams are required for each VFD/motor functions.  Generic diagrams are not acceptable. 

	1.4 Operation and Maintenance Data 
	.1 Provide O&M data for each size and type of VFD for incorporation into the Maintenance manual as specified in Section 01730 – Operations and Maintenance Manuals. 
	.2 Include:  
	.1 Copy of the approved Shop Drawings 
	.2 Parameter settings and test reports 


	2. PRODUCTS 
	2.1 Variable Frequency Drives 
	.1 VFDs as supplied by one of the following acceptable manufacturers: 
	.1 ABB 

	.2 For variable speed controller, use electronic adjustable frequency and voltage output unit. 
	.3 Use VFD employing a minimum 6-pulse PWM (pulse width modulated) inverter system utilizing Insulated Gate Bipolar Transistors (IGBT) power switching devices and come complete with line reactors or DC link filters. 
	.4 Provide drive rated for continuous duty while operating a NEMA design induction motor of the sizes and operating voltages as shown in the following schedules and indicated on the Drawings.  Size drive output for a 1.0 motor service factor.  Ensure the VFD has a current rating at least 10% in excess of the motor full load amp rating.  Provide overload service factors of 110% for thirty minutes and 135% for one minute, to ensure adequate safety margins.  Base VFD selection on load current at constant torque ratings.  Do not size VFD’s based on variable torque maximums. 
	.5 Use a VFD that has a fixed bridge type converter (PWM) with a minimum of 98% input displacement power factor over a 10 to 100% speed range.  Ensure the efficiency is a minimum of 97% for all inverters when operated at full speed and load. 
	.6 Input voltage - as indicated on motor schedules and drawings (line voltage variation ±10%), based on 347/600 V systems (Not 575v).  Line frequency variation ±5%.  Design so that output voltage varies with motor speed to nominal motor voltage. Speed stability - ±1%.  Select and design drive to match torque characteristic of load. 
	.7 Input frequency setting signal - selective between 4 to 20 mA or 0 to 10 VDC. Output speed monitoring signal - selective between 4 to 20 mA or 0 to 10 VDC. 
	.8 Open copper buswork to be tin plated. 
	.9 Enclosure: 
	.1 Install drive in motor control centres or with individual CSA 1 enclosure, drip proof or Nema 12 as indicated on Drawings.  Provide filters for any forced air cooled enclosures as required by the Manufacturer.  Use VFD(s) suitable for mounting in a typical building electrical room able to operate under these conditions with no special cleaning requirements.  Mount VFD cabinets in such a way that there is adequate room for ventilation and no build up of heat.  Ensure the minimum clearance in front of VFD’s is 1 m. 

	.10 Protective devices to be incorporated are: 
	.1 Fast acting electronic circuit board protective devices for protection of electronic components. 
	.2 Line reactor, DC link or filter in the drive input to protect electronic components from transient voltage conditions. 
	.3 Integral electronic motor overload protection adjustable up to 150% of motor rating for 60 seconds. 
	.4 Overcurrent instantaneous trip 250%. 
	.5 Programmable short-circuit protection. 
	.6 Programmable ground fault protection. 
	.7 Overvoltage/overcurrent DC bus monitor/protection. 
	.8 Undervoltage protection. 
	.9 Loss of phase and phase unbalance protection. 
	.10 Inverter over-temperature protection. 
	.11 Capable of running without motor for startup. 
	.12 Output filter package (as required) to limit motor voltage to 1200 V maximum at motor terminals.  A reflective wave trap mounted at the motor may be used to accomplish this. 
	.13 Longlead (motor feeder) filter package, as required for these installations.  Contractor is responsible to determine where this will be required, at the pre-construction meeting. All motors further than 45 m from the VFD to be considered longlead. 
	.14 Maximum acceptable noise level is 80 dBA at 1 m. 

	.11 Operational features: 
	.1 Provide integral flush mounted display in VFD cover with keypad for programming, monitoring and operating of drive, accessible through password or other acceptable security measure only.  Also provide remote keypads, completely duplicating functions of integral keypads, for all VFD(s). In these cases, locate the remote keypads adjacent to the motor. 
	.2 Fault shutdown and indication. 
	.3 Automatic restart following power outage. 
	.4 Ability to disconnect motor load for setup or trouble. 
	.5 Manual speed control (potentiometer or keypad). 
	.6 Adjustable maximum and minimum speed. 
	.7 Acceleration and deceleration time adjustment. 
	.8 Controller “stop” interlock from a NC dry contact. 
	.9 Drive fault contact. 
	.10 Stop/start push buttons on key pad. 
	.11 Transient voltage protection. 
	.12 Provide three (3) dry “C” type contacts programmable for any combination of the following: 
	.1 Running (output frequency being generated) 
	.2 Fault lockout 
	.3 Stopped 
	.4 At speed 
	.5 Under speed 
	.6 Forward/Reverse 
	.7 Low reference 
	.8 Manual/Auto Mode 
	.9 Local/Remote Mode 

	.13 Soft start sequence. 
	.14 Regenerative braking. 
	.15 Minimum of three (3) skip frequencies.  
	.16 Provide Hand/Off/Auto selector switch. Keypad H/O/A is not an acceptable replacement. 
	.17 Password protection of parameter programming or some method to prevent unauthorized changes.  
	.18 Output speed monitoring signal to be selective between 4 to 20 mA. or 0 to 10 V. 
	.19 Devicebus data communication link. 
	.1 Provide data communication links with various components in the electrical distribution system as specified in various Sections of this Division and as shown on drawings.  The data communication link shall be Modbus TCP/IP. 
	.1 Motor control data communication link. 
	.2 Provide each motor control component (motor starter, VFD) with data communication link capable of communicating with the plant-wide SCADA system.  

	.2 Refer to the following Sections for the functionality of the motor controller communication link: 
	.1 Section 16811 – Motor Starters to 600 V 

	.3 The data communication link selected and used to communicate with the motor controller described above must be identical. 


	.12 Environmental Capabilities:  Select and design the drive to operate without mechanical or electrical damage under any combination of conditions as follows: 
	.1 Ambient temperature -0° to 40°C. 
	.2 Humidity 0 to 90% (non condensing). 
	.3 Vibration up to 0.5 g. 
	.4 Altitude to 1250m. 
	.5 Slight (trace) sulphur environment (H2S) present (less than 1 ppm). 

	.13 Diagnostic and indicating features: 
	.1 Power On indication. 
	.2 Percentage speed indicator. 
	.3 Overload indication. 
	.4 Short circuit indication. 
	.5 Ground fault indication. 
	.6 Overvoltage indication. 
	.7 Undervoltage indication. 
	.8 High temperature (controller). 
	.9 AC voltmeter (output). 
	.10 AC ammeter (output). 
	.11 Inverter ready. 
	.12 Inverter fault. 
	.13 External fault. 

	.14 Cooling System: 
	.1 Provide adequate proven cooling devices for VFD equipment. 
	.2 Ensure any enclosure utilized will not allow a build up of heat. This can be accomplished by use of fans or sufficient guarded filtered openings, or both. 

	.15 Normal Distribution 
	.1 Normal power distribution is subject to voltage surges and sags as a normal condition of operation.  Design and supply with each VFD the required inverter protection such that the VFD will not be stressed or damaged, in the following conditions: 
	.1 Line transients of up to 3,000 V with energy levels of 50 J. 
	.2 Line surges of up to 115% of rated voltage for up to ten (10) cycles.  Based on 347/600 V systems. 
	.3 Line voltage sags down to 85% of rated voltage of up to 1 second duration. 

	.2 Control wiring - TEW 105° C rise. 
	.3 Terminal blocks in separate control enclosures for remote interface - Weidmueller SAK6N. 
	.4 Provide wire markers at both ends of all control wires, Electrovert Type Z. 



	3. EXECUTION 
	3.1 Operations Manual Information 
	.1 Orovide the VFD manufacturer an as built of each motor application.  Motor application data will include at a minimum, the following: 
	.1 Motor manufacturer 
	.2 Class 
	.3 Motor model number 
	.4 Motor serial number 
	.5 Motor frame 
	.6 Motor horsepower (hp) 
	.7 Motor full load amps 
	.8 Motor conductor size 
	.9 Ground conductor 
	.10 Length of conductors from VFD to Motor 
	.11 Motor MCP or fuse and overload 

	.2 Installation 
	.1 Identify mounting requirements and include all materials and labour, including concrete pads for all floor mounted equipment. 
	.2 Install VFD(s) in locations as indicated on drawings, and connect all necessary wiring.  Mount all VFD(s) as close to the motor as possible.  Follow Manufacturer’s recommendations for maximum distance between the VFD and the motor.  The minimum clearance in front of VFD’s is 1m.  See drawings attached.  Where required, install longlead motor package. 
	.3 Extend analog input signal cable, analog speed indicating output cable, shutdown contact and drive fault contact from the drive to the BMS.  Analog cable - No. 16 shielded twisted pair cable.  Run control wiring in conduit separate from VFD supply and motor feeder conduits. 
	.4 Connect all interlocks including (but not limited to) vibration switch, freeze stats, and fire alarms to the VFD. These interlocks will be active in both the Hand (local) or Auto (remote) configurations. 
	.5 Ensure that all control and stop commands shut down the drive as per Manufacture’s recommended procedure (example, ramp to stop, ramp and hold, or coast to stop).  Contactors on the line or load side of the drive are not an approved method of control. 
	.6 Label MCC disconnect switch, VFD and motor isolation switch with proper shutdown procedures as follows: 
	                  “Caution” 
	“* Ensure VFD is stopped before operating this switch” 
	“* Record all faults before resetting” 
	.7 Run motor supply cables/conductors in conduits separate from supply feeders to line side of VFD.  Do not tape or bundle conductors (supply or motor feeders) within the conduits. 

	.3 Field Quality Control 
	.1 Be responsible for complete Performance Verification of each VSD to satisfaction of the Contract Administrator.  Allow for factory representative to completely calibrate all drive circuits after installation on Site. 
	.2 Be responsible to bring factory representative back to reset, repair, and verify proper operation of the VFD during the two year warranty period, if problems arise with the normal operation of the VFD.  This work includes prevention of any motor shaft voltages exceeding 1.5 V when referenced to ground. 

	.4 Variable Frequency Drive Check-list 
	.1 Upon receiving the Notice to Proceed, furnish a VFD check-list that is to be completed and submitted with the VFD Shop Drawings.  An example of the VFD check-list is attached to these specifications. 

	.5 Software 
	.1 Provide VFD programming/troubleshooting software to the City. 
	.2 Provide VFD Parameter list “as programmed during Performance Verification” for each VFD. 

	.6 Equipment Identification. 
	.1 Provide labels/lamacoids on each VFD, MCC disconnect, isolation switch in accordance with Section 16010 – Electrical General Requirements. 
	.2 In addition provide signage as follows: 
	                  “Caution” 
	 “* Ensure VFD is stopped before operating this switch” 
	“* Record all faults before resetting” 


	3.2 Training 
	.1 Provide Demonstration and Training on Equipment Operation and Maintenance in accordance with Section 01664 – Training, and Section 16990 – Electrical Equipment and Systems Demonstration and Instruction. 

	3.3 Extended Warranty 
	.1 The Manufacturer to provide warranty coverage for a period of two (2) years upon Total Performance when the warranty period has commenced. 
	.2 Review specifications of motors for application compatibility.  Obtain and submit written approval from both the motor and VFD suppliers confirming that both pieces of equipment are compatible when used together to maintain the required warranty. 
	.3 Indicate the level of local support detailing response time if a piece of equipment should fail or malfunction.  Include estimated replacement part delivery times, as well as nearest parts depot location and a contact name and phone number.  
	.4 The manufacturer to certify that they are prepared to support the equipment for a period of at least ten (10) years from date of final acceptance 
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	GENERAL 
	1.1 Work Included 
	.1 Control equipment such as (a) pushbutton stations, indicating lights, control and relay panels, are provided under this specification to form complete control system in conjunction with (b) such items as motor control centre, starters, and (c) items provided under Division 15 for example, pressure flow, float, solenoid valves, panels, pneumatic electric switches, transducers, duct and space thermostats [except heating systems]. Some or all of preceding items are interconnected under Part 3 of this specification.  Specify control components and assemblies, relative work and interface between Divisions 15 and 16. Ensure work required to be performed is indicated on layout drawings, diagrams and motor starter and control list. 

	1.2 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 16010 – Electrical General Requirements. 
	.2 Include schematic, wiring, interconnection diagrams. 

	2. PRODUCTS 
	2.1 AC Control Relays 
	.1 Convertible contact type: contacts field convertible from NO to NC, electrically held with sliding barrier to permit access to contacts only or coil only, 3-4 poles. Coil rating: 120 V. Contact rating: 120 V, min 3 A. 
	.2 Sealed contact type: electrically held with 3-4 poles and front mounted contact block. Coil rating: 120 V. Contact rating: 120 V, min 3 A. 
	.3 Universal pole type: electrically held with 3-4 poles, convertible from NO to NC by changing wiring connections. Coil rating:120 V. Contact rating: 120 V, min 3 A. 
	.4 Fixed contact type: heavy duty with 3-4 poles. Coil rating: 120 V. Contact rating: 120 V, min 3 A. 

	2.2 Relay Accessories 
	.1 Standard contact cartridges: normally-open - convertible to normally-closed in field. 

	2.3 Sealed Contact Oiltight Limit Switches 
	.1 Lever type switches: roller operated, double pole, double throw. Contact rating: EEMAC B 600. 
	.2 Push type switches: actuated by rod located on tip  or side of operating head, spring return double pole, double throw. Contact rating: EEMAC B-600. 
	.3 Wobble stick cat whisker type switches: actuated by rod  or stick extending from tip of operating head. Moving rod in any direction operates contacts. Double pole, double throw. Contact rating: EEMAC B-600. 
	.4 Lever operated: time delay switch: adjustable time delay from 1/2 s to 15 s plus 25%. Contact rating: EEMAC B-600. 
	.5 Plug-in construction switches: CSA Type 4, lever or push type, contact rating: EEMAC A 600. 

	2.4 Solid State Timing Relays 
	.1 Construction: ac operated electronic timing relay with solid-state timing circuit to operate output contact. Timing circuit and output contact completely encapsulated to protect against vibration, humidity and atmospheric contaminants. 
	.2 Operation: on-delay or off-delay. 
	.3 Potentiometer: self contained to provide time interval adjustment. 
	.4 Supply voltage: 120 V, ac, 60 Hz. 
	.5 Temperature range: minus 20°C to 60°C. 
	.6 Output contact rating: maximum voltage 300 V AC or DC. Current: EEMAC B300. 
	.7 Timing ranges: as required. 

	2.5 Instantaneous Trip Current Relays 
	.1 Enclosure: CSA Type 1 
	.2 Contacts: NO, NC automatic reset with adjustable tripping point. 
	.3 Control: 3 wire, with provision for shorting contacts during accelerating period of motor. 
	.4 Contact rating: EEMAC B600. 

	2.6 Operator Control Stations 
	.1 Enclosure: CSA Type 1, surface mounting: 

	2.7 Pushbuttons 
	Oil tight, operator recessed, or flush, or mushroom type, as required. Black, with 1-NO and 1-NC contacts rated as required. Stop pushbuttons coloured red, provision for padlocking in depressed position. 

	2.8 Selector Switches 
	Maintained or spring return to center position, as required, oil tight, operators standard wing lever, contact arrangement as required, rated 120 V, min 3 A, ac. 

	2.9 Indicating Lights 
	Oil tight, full voltage, LED type, push-to-test, lens colour: as required, supply voltage: 24 V, labels as required. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install pushbutton stations, control and relay panels, control devices and interconnect. 

	3.2 Field Quality Control 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 
	.2 Depending upon magnitude and complexity, divide control system into convenient sections, energize one section at a time and check out operation of section. 
	.3 Upon completion of sectional test, undertake group testing. 
	.4 Check out complete system for operational sequencing. 
	.5 Submit to Contract Administrator one copy of test results. 
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	1. GENERAL 
	1.1 Related Work 
	.1 Mechanical: Division 15 
	.2 Section 16811 – Motor Starters to 600 V 

	1.2 Requirements 
	.1 Provide a complete system of wiring to motors and controls as specified herein and as shown on the Drawings. 
	.2 Unless specifically noted otherwise, wire and leave in operation all electrically operated equipment supplied under all contracts related to this Contract.  Examine the Drawings and Shop Drawings of all Divisions for the extent of electrically operated equipment supplied under other Contracts. 
	.3 All control wiring diagrams shown on the Drawings illustrate typical control circuits applicable to the equipment.  Control circuits may vary with different manufacturers of equipment.  Verify all control circuits with the Manufacture of the equipment and make any corrections that may be required. 
	.4 Unless specifically noted otherwise, supply all pushbuttons, relays, starters, etc., necessary for the operation of equipment.  Check all starters, relay coils and thermal elements to ensure that they provide the necessary protection for motors. 
	.5 Do not operate motors and controls until approval is obtained from the trade providing equipment. 
	.6 Examine Drawings and Shop Drawings of other Divisions to obtain exact location of motors and equipment shown on Drawings.  Where necessary, obtain conduit locations from other trades' drawings and Shop Drawings. 
	.7 Assist in placing in operation all mechanical equipment having electrical connections. 
	.8 Provide 3 phase starters with fused 120 V control transformers and overload relays. 
	.9 Provide all power wiring for all motors and control wiring as indicated on the drawings. 
	.10 Provide terminations in starters and MCCs for control wiring so that starter control circuits may be extended.  Where 120 V power is required for mechanical equipment, i.e., roll type filters, refrigerated aftercoolers, control cabinets, etc. wiring to the equipment terminals is the Work of this Division. 
	.11 Refer to Motor Control Equipment Schedule. 
	.12 Some specific definitions of equipment wiring responsibilities are as follows: 
	.1 Condenser Water Pumps, Chilled Water Pumps 
	.1 Provide all 120 V and 208 V wiring for this equipment.  Provide all 120 V control wiring to chiller control panel to provide pump operation and interlocking as shown on the Drawings. 

	.2 Fans 
	.1 Provide all 120 V and 208 V power wiring.  Except where specifically noted otherwise, all control for fans is to be supplied, installed and wired from the starter control circuits to the equipment under Division 15.  Fire alarm and smoke detection systems shall be wired to shut down fans by Division 15. 

	.3 Unit Heaters 
	.1 Provide power wiring and starters for unit heater fans.  Install and wire line voltage thermostats supplied by others.  Where thermostats are low voltage or pneumatic, control wiring is under Division 15. 



	2. PRODUCTS 
	2.1 3 Phase Motor Disconnect Switches 
	.1 Industrial Type "A", having quick make, quick break visible blade mechanism, cover interlocks and padlocking switch in the closed or open position.  Use EEMAC 4 enclosures outdoors, and EEMAC 1 indoors switches to be H.P. rated, Westinghouse heavy duty type. 

	2.2 120 V, 1 Phase Disconnect Switches 
	.1 Manual starter without overload relay. 

	2.3 208 V, 1 Phase Motor Disconnect Switches 
	.1 Manual starter without overload relay. 


	3. EXECUTION 
	3.1 Installation 
	.1 Provide disconnect switches adjacent to all motors. 
	.2 Provide all wiring between all force flow and unit heaters and their thermostats.  Install wiring between all flow switches and valve monitors and the fire alarm panel. 
	.3 Do control wiring as indicated on the Drawings. 
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	1. GENERAL 
	1.1 Related Work 
	.1 Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 

	1.2 Coordination 
	.1 Coordinates starting of electrical equipment and systems with testing, adjusting and balancing, and demonstration and instruction of: 
	.1 Electrical equipment and systems specified in Division 16 
	.2 Mechanical equipment and systems specified in Division 15 
	.3 Other equipment and systems specified in other Divisions 

	.2 Where any equipment or system requires testing, adjusting or balancing prior to starting, ensure that such work has been completed prior to starting of electrical equipment and systems. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	3.1 Energizing Main Electrical System 
	.1 Prior to energizing main electrical system: 
	.1 Verify supply voltage and phase rotation. 
	.2 Close and open all devices to ensure proper mechanical operation. 


	3.2 Energizing Equipment 
	.1 Prior to energizing equipment provided under other Sections and equipment provided by the City, confirm equipment nameplate data with characteristics of power supply. 
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	1. GENERAL 
	1.1 Intent 
	.1 Except where otherwise specified, arrange and pay for testing, adjusting, balancing, and related requirements specified herein. 
	.2 If test results do not conform with applicable requirements, repair, replace, adjust or balance equipment and systems.  Repeat testing as necessary until acceptable results are achieved. 
	.3 Provide all labour, materials, instruments and equipment necessary to perform the tests specified. 
	.4 All tests shall be witnessed by persons designated by the City, who shall also sign the test documentation. 
	.5 Submit procedures proposed in writing for approval two (2) weeks prior to test. 

	1.2 Related Work 
	.1 Section 16010 – Electrical General Requirements. 
	.2 Section 16960 – Starting of Electrical Equipment Systems. 

	1.3 Manufacturer's Production Test Records 
	.1 If requested, submit copies of production test records for production tests required by EEMAC and CSA standards for manufactured electrical equipment. 

	1.4 Site Testing Reports 
	.1 Log and tabulate test results on appropriate test report forms. 
	.2 Submit forms to Contract Administrator for approval prior to use. 
	.3 Submit completed test report forms as specified, immediately after tests are performed. 

	1.5 Reference Documents 
	.1 Perform tests in accordance with: 
	.1 The Contract Documents 
	.2 Requirements of authorities having jurisdiction 
	.3 Manufacturer's published instructions 
	.4 Applicable CSA, IEEE, IPCEA, EEMAC, and ASTM standards 

	.2 If requirements of any of the foregoing conflict, notify Contract Administrator before proceeding with test and obtain clarification. 

	1.6 Manufacturer's Site Services 
	.1 Arrange and pay for the site services of qualified Manufacturers’ Representatives where Site testing, adjusting, or balancing of electrical equipment or systems' performed by Manufacturer's Representatives are: 
	.1 Specified, or 
	.2 Otherwise required to ensure that electrical equipment and systems are operational in full compliance with the Contract Documents 


	1.7 Sequencing and Scheduling 
	.1 Except where otherwise specified, perform all testing, adjusting, balancing and related requirements specified herein prior to acceptance of the Work. 
	.2 Perform voltage testing and adjusting after user occupancy or utilization of facility. 

	2. PRODUCTS 
	2.1 Test Equipment 
	.1 Provide all equipment and tools necessary to perform testing, adjusting and balancing specified herein and as otherwise required. 


	3. EXECUTION 
	3.1 Testing of Wiring and Wiring Devices 
	.1 All power and control wiring shall be tested for insulation resistance value with a 1000 V megger.  Resistance values shall be as recommended by cable Manufacturer.  Test results shall be properly tabulated, signed, dated and submitted with maintenance manuals. 
	.2 Test service grounding conductors for ground resistance. 
	.3 Test all wiring devices for correct operation. 
	.4 Test all receptacles for proper polarity and circuitry. 

	3.2 Ground Resistance Testing 
	.1 Measure ground resistance with earth test meter to verify compliance with CSA C22.2 No. 0.4 and Canadian Electrical Code. 

	3.3 Load Balance Testing 
	.1 Perform load tests when as many loads as possible, prior to acceptance of the Work, are operable. 
	.2 Turn on all possible loads. 
	.3 Test load balance on all feeders at distribution centres, MCC, and panelboards. 
	.4 If load balance exceeds 15%, reconnect circuits to balance loads. 

	3.4 Voltage Testing and Adjusting 
	.1 Test voltage at all panelboards. 
	.2 Adjust transformer tap settings to compensate for under-voltage or over-voltage conditions, if directed to do so by Contract Administrator. 
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	1. GENERAL 
	1.1 Intent 
	.1 Provide demonstration and instruction sessions to familiarize City's O&M personnel with electrical systems and their O&M. 
	.2 Submit sign off sheets for each system listed prior to Substantial Performance. 
	.3 Complete a motor survey sheet for each motor and submit prior to Substantial Performance.  Include a control wiring diagram for each motor neatly drawn in ladder form.  Indicate all terminal and wire numbers.  Identify all associated control components.  Provide typed copies of these lists and diagrams in the O&M manuals.  Include motor overload selection charts for each type and application of overload relay. 
	.4 All sign off and survey sheets shall be typewritten. 

	1.2 Manufacturer's Site Services 
	.1 Arrange and pay for qualified Manufacturers’ Representatives to provide or assist in providing electrical equipment and system demonstration and instruction as specified herein. 

	1.3 Contractor/City Coordination 
	.1 The Contract Administrator will chair demonstration and instruction sessions. 
	.2 The Contractor shall establish agendas for demonstration and instruction sessions in conjunction with the Contract Administrator. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	3.1 Systems Demonstration 
	.1 Demonstrate operation of following systems: 
	.1 Primary Distribution and Transformer 
	.2 600/347 V Electrical System 
	.3 208/120 V System  
	.4 Mechanical Equipment Connections and Controls 
	.5 Grounding System 
	.6 Future Connection Points and Conduit Stubs 
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	1. GENERAL 
	1.1 Intent 
	.1 Provide complete, fully tested and operational mechanical systems to meet the requirements described herein and in complete accord with applicable codes and ordinances. 
	.2 Contract Documents and Drawings of this Division are diagrammatic and approximately to scale unless detailed otherwise.  They establish scope, material, and installation quality and are not detailed installation instructions. 
	.3 Follow Manufacturers’ recommended installation details and procedures for equipment, supplemented by requirements of Contract Documents. 
	.4 Install equipment generally in locations and routes shown.  Run piping and ductwork close to building structure, parallel to building lines to maximise head room and with minimum interference with other services and free space.  Remove and replace improperly installed equipment to satisfaction of the Contract Administrator at no extra cost. 
	.5 Install equipment to provide access and ease of maintenance. 
	.6 Connect to equipment specified in other Sections and to equipment supplied and installed by others or by the City. 
	.7 Install control valves, control dampers, thermal wells, and other devices on piping and ducts supplied under this contract. 
	Clauses that include the word “Clearwell” in the heading shall only be applicable to the mechanical provisions and requirements that are part of the Clearwell Structure.  This includes the Clearwell substructure, superstructure, Inlet Building, and/or Outlet Structure. 

	1.2 Coordination of Work 
	.1 Cooperate and coordinate with other contractors on the Site. 
	.2 Make reference to electrical, mechanical, structural and architectural Drawings when setting out Work.  Consult with respective Divisions in setting out locations for ductwork, equipment, and piping, so that conflicts are avoided and symmetrical even spacing is maintained.  Jointly resolve all conflicts on Site before fabricating or installing any materials or equipment. 
	.3 Where dimensional details are required, coordinate with the applicable architectural and structural Drawings. 
	.4 Any areas indicated as space for future materials or equipment shall be left clear. 

	1.3 Permits 
	.1 Contractor shall arrange for inspections of the Work by the authorities having jurisdiction and shall provide certificates indicating Final Approval. 

	1.4 Quality of Work 
	.1 All Work shall be by qualified tradesmen with valid Provincial Trade Qualification Certificates.  Spot checks will be made by the Contract Administrator. 
	.2 Work which does not conform to standards accepted by the Contract Administrator and the trade may be rejected by the Contract Administrator.  The Contractor shall redo rejected Work to the accepted standard at no cost to the City. 

	Metric Conversion 
	.1 All units in this Division are expressed in SI units. 
	.2 Submit all Shop Drawings and maintenance manuals in SI units. 
	.3 On all submittals (Shop Drawings etc.) use the same SI units as stated in the Specification. 
	.4 Equivalent nominal diameters of pipes - Metric and Imperial: 
	.1 Where pipes are specified with metric dimensions and imperial sized pipes are available, provide equivalent nominal imperial sized pipe as indicated in the table, and provide at no extra cost adapters to ensure compatible connections to all metric sized fittings, equipment, and piping. 
	.2 When CSA approved SI Metric pipes are provided, the Contractor shall provide at no extra cost adapters to ensure compatible connections between the SI Metric pipes and all new and existing pipes, fittings, and equipment.

	.5 Metric Duct Sizes: 
	.1 The metric duct sizes are expressed as 25 mm = 1” 


	1.6 Shop Drawings  
	.1 Refer to Section 01300 – Submittals. 

	Cutting, Patching, and Coring 
	.1 Provide holes and sleeves, cutting and fitting required for mechanical Work.  Relocate improperly located holes and sleeves. 
	.2 Drill for expansion bolts, hanger rods, brackets, and supports. 
	.3 Obtain written approval from the Contract Administrator before cutting or burning structural members. 
	.4 Provide openings and holes required in precast members for mechanical Work.  Cast holes 100 mm (4 inch) or larger in diameter.  Field cut smaller than 100 mm (4”). 
	.5 Patch building where damaged from equipment installation, improperly located holes etc.  Use matching materials as specified in the respective section. 

	1.8 Excavation and Backfill 
	Refer to requirements of Division 2. 
	.2 Provide all excavating to facilitate installation of the mechanical portions of the Work, including shoring, pumping, 150 mm (6”) compacted sand bedding under and first 300 mm (12”) of compacted sand over piping and ducting. 

	1.9 Installation of Equipment 
	.1 Pipe all equipment drains to buckets. 
	.2 Unions and flanges shall be provided in piping or ductwork to permit easy removal of equipment. 
	.3 Maintain permanent access to equipment for maintenance. 

	1.10 Fire-Stopping 
	.1 Fire-stop all pipe, duct, conduit and wire penetrations through floors and walls, designated as fire and/or smoke separations.  The Contractor is required to coordinate with the architectural Drawings to contractual rated wall types and installation details. 
	.2 Fire-stopping materials to meet ULC CAN 2S115.  Acceptable Materials:  by "Tremco" or "National Firestopping". 
	.3 Preparation of surfaces and installation of fire-stopping materials shall be carried out as per Manufacturer's instructions. 

	1.11 Connections to Existing Services 
	.1 Maintain liaison with Contract Administration and provide a schedule to interrupt, re route or connect to water, sewer, heating, or gas systems, with minimum interruption of services. 
	.2 Major services shall not be interrupted before all preparatory work is completed and all required materials are on Site.  Provide a minimum of forty eight (48) hours notice for all service shutdowns. 
	.3 Interruptions and shutdowns of existing services shall be by the City. 

	1.12 Equipment and Materials 
	.1 Materials and equipment installed shall be new, full weight and of quality specified. 
	.2 Each major component of equipment shall bear Manufacturer’s name, address, catalogue and serial number in a conspicuous place. 
	.3 Where two or more products of the same type are required, products shall be of the same Manufacturer. 

	1.13 Equipment Protection and Clean Up 
	.1 Protect equipment and materials in storage on Site during and after installation until final acceptance.  Leave factory covers in place.  Take special precautions to prevent entry of foreign material into working parts of piping and duct systems. 
	.2 Protect equipment with polyethylene covers and crates. 
	.3 Operate, drain and flush out unsealed bearings and refill with new change of oil, before final acceptance. 
	.4 Thoroughly clean piping, ducts and equipment of dirt, cuttings, and other foreign substances. 
	.5 Protect bearings and shafts during installation.  Grease shafts and sheaves to prevent corrosion.  Supply and install necessary extended nipples for lubrication purposes. 
	.6 Ensure that existing equipment is carefully dismantled and not damaged or lost.  Do not reuse existing materials and equipment unless specifically indicated. 

	1.14 Electrical Motors 
	.1 Supply mechanical equipment complete with electrical motors. 
	.2 Provide motors designed, manufactured, and tested in accordance with the latest edition of the following codes and standards:  NEMA, EEMAC, CSA, Canadian Electrical Code Part 1, IEEE and ANSI.  All motors to be CSA labelled.  All motors to be approved for use in the designated area classification by the Provincial Electrical Protection Branch.  All motors intended for use with a variable speed drive shall be inverter duty rated. 
	.3 Unless specified otherwise, provide motors designed for full voltage starting, EEMAC Design B.  Motors driving high torque or high inertia loads may be EEMAC Design C or D. 
	.4 Provide motors rated for continuous duty with 1.15 service factor unless specified otherwise in the driven equipment specifications.  Provide all motors with thermal overload protection. 
	.5 Motors less than 0.5 hp shall be 120 V, 60 Hz, 1 phase.  Motors 0.5 hp and larger shall be 3 phase at the indicated voltage. 
	.6 All motors shall be 1800 rpm unless otherwise indicated. 
	.7 Provide motors with grease or oil lubricated anti-friction type ball or roller bearings. 
	.8 Provide motors designed with Class B insulation; Class F insulation for totally enclosed motors. 
	.9 Refer to electrical specifications, Division 16, for voltage, frequency, and phase data.  This shall take precedence over any reference in Division 15. 
	.10 Where motor power is stated in watts or kilowatts, nominal motor horsepower multiplied by 746 or 0.746 respectively, has been used as the conversion factor. 
	.11 Minimum certified motor efficiency shall be as outlined the following table, or premium efficiency, whichever is higher. 
	 

	1.15 Access Doors 
	.1 Access doors shall be steel frame access panel with stainless steel piano-type hinge, channel reinforced steel door. 

	1.16 Miscellaneous Metals 
	.1 Provide all necessary miscellaneous to hang or support materials, equipment and provide access for Work under this Contract. 
	.2 All miscellaneous metals shall be prime painted. 
	.3 Miscellaneous metals shall include but not limited to: 
	Hangers for equipment, piping, and ductwork 
	.2 Support for equipment 


	1.17 Escutcheon and Plates 
	.1 Provide escutcheon and plates on piping and ductwork passing through finished walls, floors, and ceilings. 
	.2 Escutcheons shall be split type, stainless or chrome plated steel. 

	1.18 Painting and Identification 
	.1 Coordinate colour coding of piping and equipment with Work of Division 9. 
	.2 Colour code mechanical equipment, piping and exposed ductwork.  Refer to colour schedule in Article 1.19 of this Section. 
	.3 Legend and direction of flow arrows shall consist of adhesive backed labels, yellow colour, with minimum 20 mm (0.75”) high black lettering equal to Brady System B-500, vinyl cloth labels for non-insulated surfaces; and Brady B 946 for insulated surfaces. 
	.4 Identify piping with labels, colour bands, and flow arrows.  Provide identification at 15 m (50 ft) maximum intervals, before and after pipes pass through walls, at all sides of tees, behind access doors and in equipment rooms as required. 
	.5 Apply colour bands at both ends of the label with primary colour bands used to secure both ends of individual labels.  Refer to colour schedule at end of this Section. 
	.6 Provide 20 mm (0.75”) diameter brass, with metal photo black numbers, or white lamacoid with black engraved numbers, secured to valve stem with key chain. 
	.7 Provide neat, typewritten directories, giving valve number, services, and location.  Frame one copy under glass for wall mounting as directed, second copy to be forwarded to Contract Administration.  Include copies in O&M Manuals. 
	.8 Tag automatic controls, instruments and relays and match/key to control Shop Drawing identification numbers.  Tag all equipment and control panels. 
	.9 Identify electric starting switches, thermostats controlling motors, remote push button stations, and controls equipment supplied under this Division with lamicoid plates having 6 mm (0.25”) minimum letter size.  Identification to state equipment controlled. 
	.10 Identify the usage of duct access panels with self adhesive Brady stick-on coloured labels.  Apply labels conforming to the following schedule. 

	1.19 Colour Coding Schedule 
	.1 Colour numbers are called for in Canadian Government Specification No. 5-GP-1a.  Colours assigned from CGSB 1-GP-12c for colour code identification. 
	.2 Identification Symbols and Colour for Piping 
	Identification Symbols and Colours for Equipment: 
	.4 Mechanical Control Systems 
	.1 Conduit pull boxes, terminal boxes and junction boxes - GREY Covers - GREY with black ‘C’. 
	.2 Main and secondary control panels, factory finish acceptable - Contractor to install company label to identify. 

	.5 Ductwork 

	Temporary Heat 
	.1 Do not use the permanent system for temporary heating purposes without written permission from the Contract Administrator. 
	.2 Thoroughly clean and overhaul permanent equipment used during the construction period, replace worn or damaged parts before final inspection. 
	.3 Use of permanent systems for temporary heat shall not modify terms of warranty. 
	.4 Operate heating systems under conditions which ensure no temporary or permanent damage.  Operate with proper safety devices and controls installed and fully operational.   
	.5 Air systems shall not be used for temporary heating. 
	.6 When permanent systems are used for temporary heat, provide alarm indicating system failure.  Connect alarm to independent alarm company system. 

	1.21 Temporary or Trial Usage 
	.1 Temporary or trial usage by the City or Contract Administrator of mechanical equipment supplied under Contract shall not represent acceptance. 
	.2 Repair or replace permanent equipment used temporarily. 
	.3 Repair or otherwise rectify damage caused by defective materials or workmanship during temporary or trial usage. 
	.4 Avoid thermal shock to heating system by coordination with the City during planning, construction and operation of temporary heating system. 

	1.22 Acceptable Manufacturers 
	.1 The following listed manufacturers are acceptable for their ability to meet the general design intent, quality, and performance characteristics of the specified product.  The list does not endorse the acceptability of all products available from the listed manufacturers/suppliers. 
	.2 The Contractor shall be fully responsible for any additional Work or materials, to accommodate the use of equipment from the acceptable manufacturers and suppliers list. 
	.3 Submit within fourteen (14) days of Contract award a copy of the list underlining the name of the Manufacturer whose price was carried in the Bid.  If no Manufacturers’ names are submitted, it will be assumed that the price carried in the Bid was that of the specified Manufacturer or where the specified product is generic, the first acceptable Manufacturer listed for each item and equipment. 
	List of acceptable Manufacturers/Suppliers:
	.1 Access Doors
	.2 Actuators – Dampers
	.3 Air Handling Units 
	.4 Air Terminals - Grilles Registers, Diffusers
	.5 Backdraft Dampers
	.6 Backflow Preventers
	.7 Coils – Heating and Cooling
	.8 Dampers - Control, Backdraft
	.9 Eye Wash Fountains
	.10 Fans – Centrifugal Roof Exhausters
	.11 Fans – Centrifugal
	.12 Filters
	.13 Flexible Connectors – Ducting
	.14 Flexible Connectors – Piping
	.15 Gauges – Air
	.16 Gauges - OWG Pressure
	.17 Grooved Mechanical Pipe Joints
	.18 DX Condensing Units
	.19 Insulation – Piping and Duct
	.20 Louvres
	.21 Piping Hangers and Saddles
	.22 Pumps – Vertical In-Line and Base Mounted
	.23 Strainers
	.24 Thermometers
	.25 Valves – Butterfly
	.26 Valves, Bronze – Check, Ball
	.27 Valves – Pressure Reducing
	.28 Valves – Relief
	.29 Valves – Silent Check
	.30 Vent Caps
	.31 Vent Sets


	1.23 Installation 
	.1 Make all mechanical connections to equipment supplied by others under this Contract.  This shall include all water, drain, gas, exhaust, traps, ductwork and similar connections required.  Supply and Install isolation valves, unions, flanges and traps as required for a complete installation. 
	.2 Change to rough-in of services or final equipment connections due to a change in the make of equipment from that specified shall be made at no extra cost to the City, provided that proper Shop Drawings are available for rough-in.  Prior to commencing installation of rough in for the equipment, coordinate with the final reviewed equipment Shop Drawings and with the Manufacturer. 
	.3 Exposed piping shall be painted as per colour code specified. 
	.4 Arrange piping connections to allow for equipment removal. 

	2. PRODUCTS 
	2.1 Counter Flashing Materials 
	.1 Counterflashings:  galvanized sheet steel of 0.85 mm (22 gauge) minimum thickness. 
	.2 Counterflashings are attached to mechanical equipment and lap the base flashings on the roof curbs. 
	.3 All joints in counterflashings shall be flattened and soldered double seam.  Storm collars shall be adjustable to draw tight to pipe with bolts.  Caulk around the top edge.  Storm collars shall be used above all roof jacks. 
	.4 Vertical flange section of roof jacks shall be screwed to face of curb. 


	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 Scope 
	Test refrigerant piping 
	.2 Test low velocity ducts 
	.3 Test equipment 
	.4 Manufacturer's start-up of equipment 

	Quality Assurance 
	.1 Test equipment and material where required by Specification or authority having jurisdiction to demonstrate its proper and safe operation. 
	.2 Test procedures in accordance with the current applicable portions of ASME, ASHRAE, and other recognised test codes as far as field conditions permit. 
	.3 Perform tests on-site to the satisfaction of the Contract Administrator. 
	.4 Piping, fixtures, or equipment shall not be concealed or covered until inspected and approved by the Contract Administrator.  Provide ample written notice (two working days) to the Contract Administrator before tests. 
	.5 Use factory trained representatives and submit manufacturer's check sheets for starting the following specialty equipment. 
	.1 Air handling units 
	.2 Fans 
	.3 VSD units 
	.4 Control components 
	.5 Emergency showers and eye wash stations 
	.6 Pumps 

	.6 Prior to starting, testing, balancing, adjusting and cleaning processes, verify with Contract Administrator any tests required to be witnessed.  Provide sufficient notice to Contract Administrator prior to commencement of procedures. 
	.7 Contract Administrator shall be allowed to witness any testing, adjusting, starting, balancing and cleaning procedures. 
	.8 Assume all costs associated with starting and testing, including the supply of testing or cleaning medium. 
	.9 Prior to starting equipment or systems, secure and review Manufacturer's installation, operation, and starting instructions.  Read in conjunction with procedures defined herein. 
	.10 Use Manufacturer's starting personnel where required to ensure integrity of Manufacturer's warranty. 
	.11 Compare installations to published Manufacturer's data and record discrepancies.  Items proving detrimental to equipment performance shall be corrected prior to equipment starting. 
	.12 Some processes involved in starting procedures defined in this Section may be duplications of authorities’ verification.  To facilitate expedient completion of project, arrange for authorities to assist or witness these procedures.  (Gas inspectors, pressure vessels inspections etc.) 
	.13 All starting, testing procedures shall be in accordance with applicable portions of the latest, current ASME, ASHRAE, AABC, CSA, NFPA, SMACNA, ASTM, and ASPE codes and standards. 
	.14 Personnel involved in starting, testing, balancing, and adjusting procedures shall be experienced in the design and operation of mechanical equipment and systems being checked and shall be able to interpret results of the reading and tests. 
	.15 Assume all liabilities associated with starting, testing and balancing procedures. 

	1.3 Submittals 
	.1 Obtain certificates of approval, acceptance, and comply with current rules and regulations from authorities having jurisdiction and include in O&M Manuals. 
	.2 Perform tests as specified and upon completion of mechanical installation.  Provide certification of tests with detailed data as required.  Itemise each test as to time performed and personnel responsible.  Include in O&M Manuals. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	Pressure Tests 
	.1 Provide equipment, materials and labour for tests and pay expenses.  Use calibrated test instruments and furnish certificate showing degree of accuracy.  Install permanent gauges and thermometers used for tests just prior to tests to avoid possible changes in calibration. 
	.2 Carry out tests for an eight (8) hour period and maintain pressure with no appreciable pressure drop.  Where leakage occurs, repair and re-test and pay necessary costs for re witnessing. 
	.3 Water Piping: test to 1.5 times maximum working pressure or 1033 kPa, whichever is greater, water pressure measured at system low point. 
	.4 Natural Gas: test as required by current edition of CAN/CSA-B149.1, and authority having jurisdiction. 
	.5 Ducts: test ducts as per current edition of SMACNA Manual for low pressure ductwork. 
	.6 Check systems during application of test pressure including visual check for leakage of water test medium, soap bubble test for air. 
	.7 During heating and cooling piping system tests, check linear expansion at elbows, U bends, expansion joints and offsets for proper clearance. 
	.8 When using water as test medium for system not using water, evacuate and dehydrate the piping and certify the lines are dry.  Use agency specialising in this type of Work. 
	.9 Should tests indicate defective Work or variance with specified requirements, make changes immediately to correct the defects.  Correct leaks by re-making joints in screwed fittings, cutting out and re-welding welded joints, re-making joints in copper lines.  Do not caulk. 

	General 
	.1 Conduct performance tests to demonstrate equipment and systems meet specified requirements after mechanical installations are completed and pressure tested.  Conduct tests as soon as conditions permit.  Make changes, repairs, and adjustments required prior to operating tests. 
	.2 Operate and test motors and speed switches for correct wiring and sequences and direction of rotation.  Check and record overload heaters in motor starters. 
	.3 Confirm voltages and operating amperages at full load. 
	.4 Failure to follow instruction pertaining to correct starting procedures may result in re evaluation of equipment by an Independent Testing Agency selected by the City at the Contractor's expense.  Should results reveal equipment has not been properly started, equipment may be rejected, removed from Site, and replaced.  Replacement equipment shall also be subject to full starting procedures, using same procedures specified on the originally installed equipment. 

	3.3 Procedures 
	.1 Procedures shall be identified in the following phases: 
	.1 Pre-Starting: visual inspection 
	.2 Starting: actual starting procedure 
	.3 Post-Starting: operational testing adjusting or balancing, and equipment run-in phase 
	.4 Pre-Interim Acceptance of the Work: final cleaning, re-testing, balancing and adjusting, and necessary maintenance 
	.5 Post-Interim Acceptance of the Work: repeat tests and fine-tuning resulting from corrective action of deficiency clean-up 

	.2 Check specified and Shop Drawing data against installed data. 
	.3 Check the installation is as defined by Contract Documents and as per Manufacturer's recommendations including manufacturer's installation check sheets. 
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	1. GENERAL 
	1.1 Scope 
	.1 Pipe hangers and supports 
	.2 Duct hangers and supports 
	.3 Flashing for mechanical equipment 
	.4 Sleeving for mechanical equipment 

	1.2 Reference Standards 
	.1 Pipe supports shall meet the requirements of current edition of ANSI B31.1, Power piping. 
	.2 Duct hangers shall follow the recommendations of the current edition of the SMACNA Duct Manuals. 

	1.3 Submittals 
	Submit Shop Drawings of each factory manufactured component. 

	1.4 General Requirements 
	.1 Supply and Install hangers and supports to secure equipment in place, prevent vibration, maintain grade, provide for expansion and contraction and to accommodate insulation; provide insulation protection saddles. 
	.2 Supply and Install supports of strength and rigidity to suit loading without unduly stressing building.  Locate adjacent to equipment to prevent undue stresses in piping and equipment. 
	.3 Select hangers and supports for the service and in accordance with the Manufacturer's recommended maximum loading.  Hangers shall have a safety factor of 5 to 1. 
	.4 Fasten hangers and supports to building steel or inserts in concrete construction. 
	.5 Supply and Install and set sleeves required for equipment, including openings required for placing equipment.  Provide sleeves for all pipe and duct penetrations through walls, ceilings, floors and footings.  Pipe sleeves are not required where pipes pass through cored concrete walls or floors. 
	.6 Dielectrically isolate dissimilar metals. 
	.7 Obtain approval from the Contract Administrator prior to drilling for inserts and supports for piping systems. 
	.8 Obtain approval from the Contract Administrator prior to using percussion type fastenings. 
	.9 Use of piping or equipment for hanger supports is not permitted. 
	.10 Use of perforated band iron, wire or chain as hangers is not permitted. 
	.11 Do not weld piping, ductwork or equipment supports to building metal decking or building structural steel supports unless prior written approval has been obtained from the Contract Administrator. 
	.12 Where deemed necessary by the Contract Administrator the Contractor shall, at his own cost, employ a structural Professional Engineer Registered in the Province of Manitoba to design equipment supports and/or pipe anchors. 

	2. PRODUCTS 
	2.1 Inserts 
	.1 Inserts shall be malleable iron case or galvanized steel shell and expander plug for threaded connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms. 
	.2 Size inserts to suit threaded hanger rods. 

	2.2 Pipe Hangers and Supports 
	.1 Hangers, Pipe Sizes 15 mm to 40 mm: adjustable wrought steel ring. 
	.2 Hangers, Pipe Sizes 50 mm to 100 mm and Cold Pipe Sizes 150 mm Over: adjustable wrought steel clevis. 
	.3 Hangers, Hot Pipe Sizes 150 mm and Over: adjustable steel yoke and cast iron roll. 
	.4 Multiple or Trapeze Hangers: steel channels with welded spacers and hanger rods, cast iron roll and stand for hot pipe sizes 150 mm and over. 
	.5 Wall Support, Pipe Sizes to 80 mm: cast iron hook. 
	.6 Wall Support, Pipe Sizes 100 mm and Over: welded steel bracket and wrought steel clamp; adjustable steel yoke and cast iron roll for hot pipe sizes 150 mm and over. 
	.7 Vertical Support: steel riser clamp. 
	.8 Floor Support, Pipe Sizes to 100 mm and All Cold Pipe Sizes: cast iron adjustable pipe saddle, locknut nipple, floor flange and concrete pier to steel support. 
	.9 Floor Support, Hot Pipe Sizes 125 mm and over: adjustable cast iron roll and stand, steel screws and concrete pier or steel support. 
	.10 Supply and Install hangers so they cannot become disengaged by movements of supported pipe. 
	.11 Supply and Install copper plated hangers and supports for copper piping or provide sheet lead packing between hanger or support and piping.  Provide galvanized hangers and supports for galvanized piping. 
	Support all piping below grade and under floor slabs in 3.2 mm continuous cadmium plated channel.  Support channel with cadmium plated clevis hangers and rods.  Install supports on centres as specified in 3.2.  Extend cadmium plated hanger rods 450 mm above slab rebar and bend back over rebar so as to provide a minimum of 450 mm of support in slab.  Do not stress rod when bending. 

	2.3 Clearwell Pipe Hangers and Supports 
	.1 Type 1 – Pipe Hanger (Stainless Steel): 
	.1 Upper Attachments: 
	.1 Concrete Inserts: heavy duty, stainless steel body, fibreglass bars, polypropylene disc. 
	.2 Standard of acceptance: Grinnell fig. 283. 

	.2 Hanger Rods: 
	.1 304 stainless steel rod, threaded both ends, threaded one end, or continuous threaded. 
	.2 Provide linkages where lateral or axial movement of pipework is anticipated. 

	.3 Pipe Attachments: 
	.1 304 stainless steel adjustable clevis with nipple spacer and vertical adjustment nuts above and below clevis. 


	.2 Type 2 – Pipe Hanger (Galvanized Steel): 
	.1 Upper Attachment: 
	.1 Inserts shall be malleable iron case or galvanized steel shell and expander plug for threaded connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms. 
	.2 Standard of acceptance: Grinnell fig. 282. 

	.2 Hanger Rods: 
	.1 Galvanized steel rod, threaded both ends, threaded one end, or continuous threaded. 
	.2 Provide linkages where lateral or axial movement of pipework is anticipated. 

	.3 Pipe Attachments: 
	.1 Galvanized carbon steel adjustable clevis with nipple spacer and vertical adjustment nuts above and below clevis. 
	.2 Standard of acceptance: Grinnell fig. 260. 


	.3 Type 3 – Offset Pipe Support: 
	.1 Clamp: 
	.1 304 stainless steel clamp and hardware. 


	.4 Size inserts to suit threaded hanger rods. 
	.5 Install hangers so they cannot become disengaged by movements of supported pipe. 

	2.4 Hanger Rods 
	.1 Provide steel hanger rods, threaded both ends, threaded one end, or continuous threaded. 

	2.5 Duct Hangers and Supports 
	.1 Conform to current edition of SMACNA handbooks. 

	2.6 Flashing 
	.1 Steel Flashing: 0.85 mm minimum thickness galvanized sheet steel. 
	.2 Lead Flashing: 25 kg/m² sheet lead for waterproofing, 5 kg/m² sheet lead for soundproofing. 
	.3 Safes: 25 kg/m² sheet lead or 0.5 mm neoprene. 
	.4 Caps: steel, 0.7 mm thickness minimum, 1.6 mm thickness at fire resistance structures. 

	2.7 Sleeves 
	.1 Pipes through Floors: form with 1.2 mm galvanized steel. 
	.2 Pipes through Beams, Walls, Fire Proofing, Footings, Potentially Wet Floor: form with schedule 40 steel pipe. 
	.3 Ducts: form sleeves with galvanized steel. 
	.4 Size large enough to allow for expansion with continuous insulation. 

	2.8 Pipe Seals 
	.1 Provide “Link seal” pipe sealing system where passing through room foundation walls. 

	2.9 Finishes on Hanger Rods, Hangers and Supports 
	.1 All steel hanger rods, hangers and supports shall be galvanized or factory primed with alkyd red oxide primer to CAN/CGSB – 1.40 Anticorrosive Structural Steel Alkyd Primer. 


	3. EXECUTION 
	3.1 Inserts 
	.1 Use inserts for suspending hangers from reinforced concrete slabs and sides of reinforced concrete beams wherever practicable. 
	.2 Set inserts in position in advance of concrete Work. Provide reinforcement rod in concrete for inserts carrying piping over 100 mm or ducts over 1500 mm wide. 
	.3 Where concrete slabs form finished ceiling, finish inserts flush with slab surface. 
	.4 Where inserts are omitted, drill through concrete slab from below and provide rod with recessed square steel plate and nut above slab. 

	3.2 Pipe Hangers and Supports 
	.1 Support horizontal steel and copper piping as follows: 
	.2 Install hangers to provide minimum 12 mm clear space between finished covering and adjacent work. 
	.3 Place a hanger within 300 mm of each horizontal elbow. 
	.4 Use hangers which are vertically adjustable 40 mm minimum after piping is erected. 
	.5 Support horizontal soil pipe near each hub with 1.5 m maximum spacing between hangers. 
	.6 Support vertical piping at every other floor.  Support vertical soil pipe at each floor at hub. 
	.7 Where several pipes can be installed in parallel and at same elevation, provide multiple or trapeze hangers. 
	.8 Where practical, support riser piping independently of connected horizontal piping. 
	.9 Use oversized hangers to accommodate pipe insulation thickness.  For pipes up to 50 mm use high density rigid pipe insulation at hanger location, with an insulation protection shield.  For pipes 65 mm and over, use insulation protection saddle. 

	3.3 Clearwell Pipe Hangers and Supports 
	.1 Pipe Hanger Schedule: 
	.2 Support PVC piping in accordance with Manufacturer’s recommendations: 
	.3 Install hangers to provide minimum 12 mm (½”) clear space between finished covering and adjacent Work. 
	.4 Place a hanger within 300 mm (12”) of each horizontal elbow. 
	.5 Use hangers which are vertically adjustable 40 mm (1½”) minimum after piping is erected. 
	.6 Where practical, support riser piping independently of connected horizontal piping. 

	3.4 Low Velocity Duct Hangers and Supports 
	.1 Hanger Minimum Sizes: 
	.1 Up to 750 mm wide:  25 x 1.6 mm at 3 m spacing 
	.2 790 to 1200 mm wide:  40 x 1.6 mm at 3 m spacing 
	.3 Over 1200 mm wide:  40 x 1.6 mm at 2.4 m spacing 

	.2 Horizontal Duct on Wall Supports Minimum Sizes: 
	.1 Up to 450 mm wide:  40 x 1.6 mm or 25 x 25 x 3 mm at 2.4 m spacing 
	.2 480 to 1000 m wide:  40 x 40 x 3 mm at 1.2 m spacing 

	.3 Vertical Duct on Wall Supports Minimum Sizes at 3.65 m spacing: 
	.1 Up to 610 mm wide:  40 x 1.6 mm 
	.2 640 to 900 mm wide:  25 x 25 x 3 mm 
	.3 940 to 1200 mm wide:  30 x 30 x 3 mm 
	.4 Over 1200 mm wide:  50 x 50 x 3 mm 

	.4 Vertical Duct Floor Supports Minimum Sizes, riveted or screwed to ducts: 
	.1 Up to 1520 mm wide:  40 x 40 x 3 mm 
	.2 Over 1520 mm wide:  50 x 50 x 3 mm 


	3.5 Equipment Bases and Supports 
	.1 Provide for floor mounted equipment, reinforced concrete housekeeping bases poured directly on structural floor slab 100 mm thick minimum, extended 100 mm minimum beyond machinery bedplates.  Provide templates, anchor bolts and accessories required for mounting and anchoring equipment. 
	.2 Construct supports of structural steel members or steel pipe and fittings.  Brace and fasten with flanges bolted to structure. 
	.3 Rigidly anchor ducts and pipes immediately after vibration connections to equipment. 

	3.6 Flashing 
	.1 Flash and counterflash where mechanical equipment passes through weather or waterproofed walls, floors, and roofs. 
	.2 Flash vent and soil pipes projecting 75 mm minimum above roof membrane with lead worked 25 mm minimum into hub, 200 mm minimum clear on sides with minimum 600 x 600 mm sheet size.  For pipes through outside walls turn flange back into wall and caulk. 
	.3 Flash floor drains over finished areas with lead 250 mm clear on sides with minimum 920 x 920 mm sheet size.  Fasten flashing to drain clamp device. 
	.4 Provide curbs for mechanical roof installations minimum 200 mm high. Flash and counterflash with steel; solder and make waterproof. 
	.5 Counterflashings are attached to mechanical equipment and lap the base flashings on the roof curbs. 

	3.7 Sleeves 
	.1 Set sleeves in position in advance of concrete Work. Provide suitable reinforcing around sleeve. 
	.2 Extend sleeves through potentially wet floors 25 mm above finished floor level.  Caulk sleeves full depth and provide floor plate. 
	.3 Piping and ductwork passing through floor, ceiling or wall, close off space between duct and sleeve and non-combustible insulation.  Provide tight fitting metal caps on both sides and caulk. 
	.4 Piping passing through mechanical room floor, roof or wall, close off space between pipe and sleeve with synthetic rubber compound mechanical type seals. 
	.5 Sleeves provided through walls or floors where liquids could potentially pass from one side to the other, provide sleeves with a 25 mm "flange" welded to the external face of the sleeve at the mid point of the thickness of the structure to provide a water stop. 
	.6 Install chrome plated escutcheons where piping passes through finished surfaces. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Welding materials, fabrication standards and labour qualifications must conform to ANSI/ASME B31.1, ANSI B16.25, ASME Section IX, and the Provincial Board of Labour Regulations latest current editions. 
	.2 Use welders fully qualified and licensed by Provincial Authorities. 
	.3 Gas Piping: National Standard of Canada CAN/CSA-B149.1, Natural Gas and Propane Installation Code. 
	.4 Drainage and Vent Piping: current Provincial and Municipal Codes. 
	.5 All below grade steel piping shall be yellow jacketed with taped and sealed joints. 
	.6 Non specified pipe joining and pipe fitting methods such as T-drill and press fit are not permitted in any piping system covered under Division 15. 

	2. PRODUCTS 
	Pipe 
	Fittings and Joints 
	2.3 Unions, Flanges and Couplings 
	.1 Size 50 mm and under:  1033 kPa malleable iron, bronze to iron ground joint unions for threaded ferrous piping, air tested for gas service, all bronze for copper piping. 
	.2 Sizes 65 mm and over:  1033 kPa forged steel welding neck flanges for ferrous piping, 1033 kPa bronze slip-on flanges for copper piping.  Gaskets shall be 1.5 mm thick performed synthetic rubber bonded asbestos.  Gaskets for gas service shall be synthetic rubber. 
	.3 Flange bolting:  For systems up to 120(C, use carbon steel stud bolts, semi-flushed and heavy hex nuts, ASTM A307-GrB.  For systems up to 215(C, use alloy steel bolts ASTM A193-GrB7, and semi-finished heavy hex nuts ASTM A194-Gr2H. 
	.4 Where permitted by the Contract Administrator, use grooved mechanical couplings to engage and lock grooved or shouldered pipe ends and to allow for some angular deflection, contraction and expansion.  Couplings consist of malleable iron housing-clamps, C-shaped composition sealing gasket EPDM Grade `E' and steel bolts.  Use galvanized couplings for galvanized pipe.  Victaulic brand or Grinnel Gruv-Lok only 

	2.4 Clearwell Flanges and Solvents 
	.1 Flanges:  PVC conforming dimensionally to ANSI/ASME B16.1, for 1.03 MPa (150 psi): slip-on full faced, solvent welded to pipe. 
	.2 Gaskets: Neoprene, 3 mm (1/8”) thick. 
	.3 Bolts and Nuts: To ASTM A-193 B8M Studs, Class 2 and ASTM A-194 8M hex nuts. 
	.4 Solvent: to ASTM D 2564. 


	3. EXECUTION 
	3.1 Preparation 
	.1 Ream pipes and tubes.  Clean off scale and dirt, inside and outside, before assembly.  Remove welding slag or other foreign material from piping. 
	.2 Protect all steel pipes when stored on site from external conditions and ensure protective coating remains intact.  If in the opinion of the Contract Administrator, deterioration of the protective coating has instigated corrosion, all rust must be removed down to bare metal and prime coated with red oxide paint. 

	3.2 Connection 
	.1 Socket weld diesel fuel piping including branch connections.  Screw or weld piping for natural gas systems. 
	.2 Make screwed joints with full cut standard taper pipe threads with approved non-toxic joint compound applied to male threads only. 
	.3 Make joints for plain end pipe with gasket and clamp type mechanical fastener. 
	.4 Clamp cast iron water pipe at fittings with 20 mm rods and properly anchor and support. 
	.5 Use grooved mechanical couplings and mechanical fasteners, only where permitted by the Contract Administrator. 
	.6 Use galvanized couplings with galvanized pipe. 
	.7 Make connections to equipment, specialty components, and branch mains with unions or flanges. 
	.8 Provide dielectric type connections wherever joining dissimilar metals in open systems.  Brass adapters and valves are acceptable. 
	.9 Use insulating plastic spacers for copper pipe installation in metal studs. 

	3.3 Route and Grades 
	.1 Route piping in orderly manner and maintain proper grades.  Install to conserve headroom and interfere as little as possible with use of space.  Run exposed piping parallel to walls.  Group piping wherever practical at common elevations.  Install concealed pipes close to the building structure to keep furring to a minimum. 
	.2 Slope water piping 0.2% and provide hose bibb drains at low points. 
	.3 Equip low points with 20 mm drain valves and hose nipples. 
	.4 Provide air collection chambers with manual air vent at all high points of system.  Collection chambers to be 25 mm diameter or line size whichever is greater and 150 mm high minimum.  Square tees may only be used to assist with complete venting and draining. 
	.5 Make reductions in water pipes with top flat eccentric reducing fittings installed to provide drainage and venting. 
	.6 Grade horizontal drainage and vent piping 2% minimum, unless noted otherwise. 
	.7 Pipe the discharge from all relief valves, safety valves, vents, drains, equipment blowdowns, water columns and overflows to the nearest building drain.  Pipe to glycol recovery tanks for a glycol based system. 

	3.4 Installation 
	.1 Install piping to allow for expansion and contraction without unduly stressing pipe or equipment connected. 
	.2 Provide clearance for proper installation of insulation and for access to valves, air vents, drains and unions. 
	.3 Install piping material specified as inside the building to 2500 mm outside of building. 
	.4 Yellow jacket buried steel lines, joints and fittings, prime coat and paint lines exposed to outdoors. 

	3.5 Welded Pipe Branch Connections 
	.1 Make branch connections according to the following schedule. 

	3.6 PVC Piping Systems 
	.1 As indicated and in accordance with instructions of PVC Manufacturer’s recommendations. 
	.2 Joints: 
	.1 Solvent weld throughout except at flanges and unions. 
	.2 Make joints in accordance with ASTM D 2855, and to Manufacturer's recommendations, using both primer and solvent welding cement. 
	.3 Make connections to other materials or fittings using appropriate adapters and to manufacturer's recommendations. 

	.3 Install piping to allow for expansion and contraction without unduly stressing pipe or equipment connected. 
	.4 Install piping material specified as inside the building to 2 m (6.5 ft) outside of building. 
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	1. GENERAL 
	1.1 Scope 
	.1 Ball valves 
	.2 Check valves 
	.3 Plug cocks 
	.4 Drain valves 
	.5 Diesel fuel solenoid valves 

	1.2 Manufacturer 
	.1 Provide valves of the same type by the same manufacturer throughout. 
	.2 Provide valves with manufacturer's name and pressure rating clearly marked on outside of body. 

	1.3 Shop Drawings 
	.1 Submit copies of valves "ordering schedule" for review before ordering valves. 
	.2 Submit detailed Shop Drawings clearly indicating make, model, size, pressure rating, materials of construction and intended service. 

	2. PRODUCTS 
	2.1 Natural Gas Systems 
	.1 Valves 
	.1 Conform to CGA Standard 3.16. 
	.2 Steel plug type gas valve. 
	.3 Iron body, non-lubricated eccentric bronze plug, permanently lubricate bearing bushings lever handle. 
	.4 Standard of acceptance: DeZurik 400 Series. 

	.2 Building Pressure Regulator 
	.1 Self operated gas pressure regulator.  Cast iron body.  Size for full gas load to reduce gas pressure from 137.9 kPa (20 psi) to 3.5 kPa (14” w.c.).  Body rating 1030 kPa (150 psi).  Manufacturer: Fisher. 


	2.2 Clearwell Washdown Water System 
	Gate - Isolation
	Standard of Acceptance:
	‘Chemline’ CGA Series.
	Ball - Drain
	Standard of Acceptance:
	‘Ipex’ Type VK or ‘Chemline’ Type 21
	Hose – Ball Valve
	Standard of Acceptance:
	‘Ipex’ Type VK or ‘Chemline’ Type 21

	2.3 Clearwell Sump Discharge 
	Gate - Isolation
	Standard of Acceptance:
	‘Chemline’ CGA Series.
	Ball - Isolation
	Standard of Acceptance:
	‘Ipex’ Type VK or ‘Chemline’ Type 21
	Check 
	Standard of Acceptance:
	‘Chemline’ Series TC

	2.4 Clearwell Sump Discharge 
	Solenoid Valve
	Standard of Acceptance:
	ASCO 8210G008


	3. EXECUTION 
	3.1 Installation and Application 
	.1 Install valves with stem upright or horizontal, not inverted. 
	.2 Use eccentric plug valves in water systems for throttling and balancing service. 
	.3 Provide drain valves at main shut-off valves, low points of piping and apparatus and terminal units. 
	.4 Size drain lines and drain valves equal to size of apparatus drain connection. 
	.5 For pipe sizes 20 mm and over, minimum drain size to be 20 mm  
	.6 Provide hose thread connection with cap and chain for 20 mm drain valves located in ceiling and public areas. 
	.7 Provide male NPT nipples with threaded pipe cap for drain sizes over 20 mm where not piped directly to floor drains. 
	.8 Provide valved drain and hose connections off the bottom of all strainers. 
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	1. GENERAL 
	1.1 Scope 
	Piping insulation 
	.2 Adhesives, tie wires, tapes 
	.3 Recovering 

	1.2 Quality Assurance 
	.1 Insulation shall be installed by skilled workmen regularly engaged in this type of Work. 
	.2 Materials shall meet or exceed fire and smoke hazard ratings as stated in this Section and defined in the NBC. 

	1.3 Submittals 
	.1 Submit Shop Drawings which indicate complete material data, "K" value temperature rating, density, finish, recovery jacket of materials proposed for this Contract and indicate thickness of material for individual services. 
	Submit samples of proposed insulating and recovering materials. 

	1.4 Job Conditions 
	.1 Deliver material to jobsite in original non-broken factory packaging, labelled with Manufacturer's density and thickness. 
	.2 Perform Work at ambient and equipment temperatures as recommended by the adhesive Manufacturer.  Make good separation of joints or cracking of insulation due to thermal movement or poor workmanship. 

	2. PRODUCTS 
	2.1 General 
	.1 Insulation Materials, Recovery Jackets, Vapour Barrier Facings, Tapes and Adhesives:  Composite fire and smoke hazard ratings shall not exceed 25 for flame spread and 50 for smoke developed. 
	.2 All insulation materials shall meet current Building Code Standards, and packages or containers of such materials shall be appropriately labelled. 
	.3 Insulate fittings and valve bodies with preformed removable insulated fittings. 

	2.2 Materials 
	.1 Cold piping: formed fine fibrous glass or formed mineral fibre pipe insulation, with factory applied vapour barrier jacket, factory moulded to conform with piping, "K" value at 24°C maximum 0.035 W/m°C.  Service temperature -14°C to 100°C. 
	.2 Refrigerant piping: foamed plastic of closed cell structure or closed cell elastomer, "K" value maximum 0.04 W/m°C at 24°C.  Maximum water vapour transmission rating of 0.1 perms. 
	.3 Roof Drains and Vents: flexible fibrous glass or mineral fibre insulation, "K" value maximum 0.035 W/m°C at 24°C with factory applied reinforced aluminum foil vapour barrier.  Service temperature -14°C to 50°C. 
	.4 High Temperature Exhaust: Formed rigid hydrous calcium silicate insulation, molded to conform to piping, “K” value maximum 0.42 Btu-in/(hr-ft2-°F) at 200°F. 
	Recovery Jackets: 
	.1 0.4 mm aluminium sheet for piping where specified. 
	.2 Solvent welded PVC with UV inhibitor. 

	.6 Recovery Jackets (High Temperature Exhaust only): 
	.1 20 ga. embossed aluminum sheet engine exhaust. 



	3. EXECUTION 
	3.1 Preparation 
	.1 Do not install covering before piping and equipment has been tested and approved. 
	.2 Ensure surface is clean and dry prior to installation.  Ensure insulation is dry before and during application.  Finish with systems at operating conditions. 

	3.2 Installation 
	Ensure insulation is continuous through inside walls. Pack around pipes with fire proof self supporting insulation material, properly sealed. 
	Insulate piping, fittings and valves. Do not insulate unions, flanges, Victaulic couplings, strainers, flexible connections and expansion joints. Terminate insulation neatly with plastic material trowelled on a bevel. 
	Finish insulation neatly on hangers, supports and other protrusions. 
	.4 Locate insulation or cover seams in least visible locations. Locate seams on piping in ceiling spaces on the underside of the pipe. 
	.5 Provide recovering jackets on insulation throughout, including equipment rooms.  Make smooth uneven insulated surfaces before recovering. 
	.6 Cover insulation exposed to outdoors with aluminum jacket secured with aluminum bands on 200 mm centres or screws on 150 mm centres.  Lap joints 75 mm minimum and seal with compatible waterproof lap cement. 
	.7 Cold piping: seal lap joints with 100% coverage of vapour barrier adhesive.  Seal butt joints with 50 mm wide strips of vapour barrier sealed with vapour barrier adhesive.  For fittings and valves, apply hydraulic insulating cement; or apply factory fabricated insulation half shells, seal all laps and joints. 
	.8 Flare out staples may be used to secure jacket laps on hot systems.  Staples are to be applied on 100 mm centres. 
	.9 High Temperature Exhaust: Tightly butt insulation with staggered joints secured with metal bands or wire. Cover fittings with equivalent thickness of insulation. 

	3.3 Insulation Installation Thickness Schedule 
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	1. GENERAL 
	1.1 Scope 
	Duct thermal insulation 
	.2 Adhesives, tie wires, tapes 
	.3 Recovery 

	1.2 Quality Assurance 
	.1 Insulation shall be installed by skilled workmen regularly engaged in this type of work. 
	.2 Materials shall meet fire and smoke hazard ratings as stated in this Section and defined in applicable current building codes. 

	1.3 Submittals 
	.1 Submit Shop Drawings which indicate complete material data, "K" value temperature rating, density, finish, recovery jacket of materials proposed for this Contract and indicate thickness of material for individual services. 
	Submit samples of proposed insulating materials and recovering. 

	1.4 Job Conditions 
	.1 Deliver material to jobsite in original non-broken factory packaging, labelled with Manufacturer's density and thickness. 
	.2 Perform Work at ambient and equipment temperatures as recommended by the adhesive Manufacturer.  Make good separation of joints or cracking of insulation due to thermal movement, poor workmanship or material defects. 

	2. PRODUCTS 
	2.1 General 
	.1 Insulation Material, Recovery Jackets, Vapour Barrier Facings, Tapes and Adhesives: composite fire and smoke hazard ratings shall not exceed 25 from flame spread and 50 for smoke developed. 
	.2 Insulating materials and accessories shall withstand service temperatures without smouldering, glowing, smoking or flaming. 
	Recovery Jackets: 
	.1 0.5 mm aluminum sheet for interior ductwork where specified 
	.2 0.9 mm aluminum sheet for exterior ductwork and where subject to damage 

	.4 All insulation materials shall meet current Building Code Standards, and packages or containers of such materials shall be appropriately labelled. 

	2.2 Materials 
	Exposed Rectangular Ducts: rigid fibrous glass or mineral fibreboard insulation, "K" value maximum 0.035 W/m°C at 24°C.  Factory applied reinforced aluminum foil vapour barrier for cold ducts.  Hot duct service temperature 20°C to 65°C.  Cold ducts service temperature -40°C to 65°C. 
	.2 Round Ducts and Concealed Rectangular Ducts: flexible fibrous glass or mineral fibre insulation, "K" value maximum 0.035 W/m°C at 24°C.  Factory applied reinforced aluminum foil vapour barrier for cold ducts.  Hot duct service temperature 20°C to 65°C.  Cold duct service temperature -40° to 65°C . 


	3. EXECUTION 
	3.1 Preparation 
	.1 Do not install covering before ductwork and equipment has been tested and approved. 
	.2 Ensure surface is clean and dry prior to installation.  Ensure insulation is dry before and during application.  Finish with systems at operating conditions where possible. 

	3.2 Installation 
	.1 Ensure insulation is continuous through inside walls.  Pack around ducts with fireproof self supporting insulation materials, properly sealed. 
	.2 Finish insulation neatly at hangers, supports and other protrusions. 
	.3 Locate insulation or cover seams in least visible locations.  Locate seams on ductwork in ceiling spaces on the underside of the duct. 
	.4 Provide recovering jackets on insulation throughout, including equipment rooms.  Make smooth any uneven insulated surface before recovering. 
	.5 Cover insulation exposed to outdoors with aluminum jacket secured with aluminum bands on 200 mm centres or screws on 150 mm centres.  Lap joints 75 mm minimum and seal with compatible waterproof lap cement. 
	.6 Exposed Rectangular Ducts: secure rigid insulation with galvanized anchors or welded pins on 400 mm centres.  Secure in place with retaining pins.  Seal all insulation joints and breaks with joint tape.  Seal adhesive; cover joints with 100 mm strips of open mesh cloth imbedded between two coats of lap seal adhesive.  Use vapour barrier tape for insulation joints or breaks on cold ducts. 
	.7 Round Ducts and Concealed Rectangular Ducts: adhere flexible insulation to ductwork with adhesive applied in 150 mm wide strips on 400 mm centres.  Provide annealed tie wire tied at 400 mm centres for securing duct insulation.  Butt insulation and seal joints and breaks with lap seal adhesive; cover joints with joint tape.  Use vapour barrier tape for cold ducts. 
	.8 Where duct velocities exceed 15 m/s, cover internal duct insulation with 0.8 mm perforated galvanized steel with 24% free area. 
	.9 Fasten aluminium recovery jacket in place with aluminum banding on 200 mm centres or screws or rivets on 150 mm centres. 

	3.3 Insulation Installation Thickness Schedule 
	Relief Duct 50 Aluminum 
	Exhaust Ducts within 3000 mm of Exterior Walls or Openings 25 Aluminum 
	Outside Air Intake Ducts 50 Aluminum 
	Ducts Exposed to Outdoors 50 Aluminum 
	Ventilation Equipment Casings 25 Aluminum 
	Ventilation Equipment 50 Aluminum 
	Supply Air Ducts (AHU-H222A only) 25 Aluminum 
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	1. GENERAL 
	1.1 Scope 
	.1 All pumps except where integral with a manufactured piece of equipment. 
	.2 Pumps controls where self contained. 

	1.2 Submittals 
	.1 Submit with Shop Drawings certified pump curves showing pump performance characteristics with pump and system operating point plotted. IncludeNPSH curve when applicable.  Show pump weights, motor and pump operating or efficiencies and electrical power characteristics. 

	1.3 Quality Assurance 
	.1 Ensure pumps operate at specified system fluid temperatures without vapour binding and cavitation, are non overloading in parallel or individual operation, operate within 25% of midpoint of published maximum efficiency curve. 

	2. PRODUCTS 
	2.1 General 
	.1 Statically and dynamically balance rotating parts. 

	2.2 Sump Pump 
	.1 Type:  Completely submersible centrifugal. 


	EXECUTION 
	3.1 Installation 
	.1 Provide air cock and drain connection on horizontal pump casings. 
	.2 Decrease from line size, with long radius reducing elbows or reducers.  Support piping adjacent to pump such that no weight is carried on pump casings.  Provide supports under elbows on pump suction and discharge line sizes 100 mm (4”) and over. 
	.3 Check and align pumps prior to start up. 

	3.2 Performance 
	.1 Refer to the Pump Schedule. 




	15410.doc
	1. GENERAL 
	1.1 Scope 
	.1 Cleanouts 
	.2 Storm and sanitary sewer service connections 
	.3 Water service connections 
	.4 Natural gas service connections 
	.5 Backflow preventers 
	.6 Vacuum breakers 

	1.2 General Requirements 
	.1 Provide materials, equipment, and labour to install plumbing as required by Provincial and Local Codes and as specified herein. 
	.2 Provide water and drainage connections to equipment furnished in other Sections of this Specification and as supplied by the City. 
	.3 Provide and include charges for connections to Municipal and Utility Company Service. 

	1.3 Submittals 
	.1 Submit Shop Drawings for review by the Contract Administrator, in accordance with Division 1.   

	2. PRODUCTS 
	2.1 Clean Outs and Clean Out Access Covers 
	.1 Provide caulked or threaded type extended to finished floor or wall surface.  Provide bolted coverplate clean outs on vertical rainwater leaders only.  Ensure ample clearance at clean out for rodding of drainage system. 
	.2 Floor cleanout access covers in unfinished areas shall be round with nickel bronze scoriated frames and plates. Provide round access covers in finished areas with depressed centre section to accommodate floor finish.  Wall cleanouts to have chrome plated caps. 


	3. EXECUTION 
	3.1 Installation 
	Bury outside water and drainage pipe minimum 2400 mm, unless noted otherwise. 
	.2 Lubricate clean out plugs with mixture of graphite and linseed oil.  Prior to building turnover remove clean out plugs, re lubricate and reinstall using only enough force to ensure permanent leakproof joint. 
	.3 Drainage lines shall grade 1.0 mm per 100 mm for pipes over 75 mm diameter and 2 mm per 100 mm for pipes 75 mm diameter and smaller. 
	.4 Locate plumbing vents minimum 5000 mm from air intakes. 
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	1. GENERAL 
	Scope 
	.1 Fire extinguishers 
	.2 Fire extinguisher mounting hardware 

	1.2 General Requirements 
	.1 Provide portable hand extinguishers where indicated on Drawings and specified herein. 

	1.3 Quality Assurance 
	.1 Fire protection equipment and installation shall be ULC and/or CSA approved. 
	.2 Equipment and installation shall meet the requirements of NFPA 10 Portable Fire Extinguishers. 

	1.4 Submittals 
	.1 Submit Shop Drawings for review.  Submit with Shop Drawings Material Safety Data Sheets (MSDS) for each chemical used in the Fire Extinguishers. 

	2. PRODUCTS 
	2.1 Portable Hand Fire Extinguishers 
	Multi-Purpose Dry Chemical (Clearwell only):  pressurized with hose and shut-off nozzle or integral shut-off nozzle and mounting brackets with 4.5 kg capacity rating 4A:60BC. 
	.2 Multi-Purpose Dry Chemical (Generator Building only):  pressurized with hose and shut-off nozzle or integral shut-off nozzle and metal cabinet with 9.0 kg capacity rating 10A:80BC. 

	2.2 Fire Extinguisher Cabinets 
	Fire Extinguishers Cabinet (for 9.0 kg type only):  surface type 16 gauge steel construction with 12 gauge fully opening door in adjustable frame, 5 mm (0.2”) glass full panel, approved latching device, and prime coat.  


	3. EXECUTION 
	3.1 Installation 
	.1 Install extinguishers so that the bottom of extinguisher is no more than 1200 mm above floor. 
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	1. GENERAL 
	1.1 Scope 
	Electric Unit Heaters. 
	.2 Related accessories and specialties. 

	1.2 Quality Assurance 
	.1 Terminal heat transfer units shall be the product of a manufacturer regularly engaged in the production of such units who issues complete catalogue data on such products. 

	1.3 Submittals 
	.1 Submit, in addition to Shop Drawings, a schedule of Electric Unit Heaters indicating location, size, and output provided. 

	2. PRODUCTS 
	2.1 General 
	.1 Factory apply baked primer coat on metal surfaces of enclosure or cabinet of unit heaters. 

	Electric Unit Heaters 
	.1 Casing: Phosphate coated steel and epoxy printed. 
	.2 Elements: tabular elements with overheat protection. 
	.3 Fan and Motor: Direct drive propeller type, statically and dynamically balanced, complete with permanently lubricated ball bearing motors. 
	.4 Air Outlet: Adjustable air flow louvers. 
	.5 Mounting: Complete with wall mounting bracket. 


	3. EXECUTION 
	3.1 Performance 
	.1 Refer to Equipment Schedules. 
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	1. GENERAL 
	1.1 Scope 
	.1 Air cooled refrigerant condensing unit package (two required): 
	.1 Supply and install two (2) separate cooling loops for air handling unit AHU-H222A. 
	.2 Each package will be a closed system and consist of a minimum of a roof top mounted condensing unit, refrigerant piping, accessories, controls, sensors, refrigerant, supports and stands. 

	.2 Refrigerant piping and accessories 
	.3 Controls 
	.4 Charge of refrigerant and oil 
	.5 Start-up and commissioning 

	1.2 Quality Assurance 
	.1 Conform to current requirements of CSA, UL, Provincial and Municipal Codes. 
	.2 Materials in contact with refrigerant shall be corrosion resistant. 
	.3 Units shall be product of manufacturer regularly engaged in production of refrigeration units and who issues complete catalogue data on such products. 

	1.3 Submittals 
	.1 Submit with Shop Drawings, schematic layouts showing condensing units, cooling coils, refrigerant piping and accessories required for complete system, including equipment weights and detailed performance data, with full wiring diagram for power and controls. 
	.2 Submit complete pipe sizing data. 

	1.4 Start-up and Testing 
	.1 Supply initial charge of refrigerant and oil for each refrigeration system.  Losses of oil or refrigerant prior to acceptance of equipment or due to defects covered under guarantee shall be replaced.  Supply to the City, one (1) complete charge of lubricating oil in addition to that placed in the system. 
	.2 Charge the system with refrigerant and test entire system for leaks after completion of installation.  Repair leaks, put system into operation, and test equipment performance. 
	.3 Shut down system if initial start up and testing takes place in winter and machines are to remain inoperative.  Repeat start up and testing operation at beginning of first cooling season. 
	.4 Provide cooling season start up, winter season shut down for first year of operation. 
	.5 Inspect and test for refrigerant leaks every six months during first year of operation. 

	2. PRODUCTS 
	2.1 Type 
	.1 Units shall be self contained, packaged, factory assembled and prewired suitable for outdoor use consisting of casing, compressors, condensing coil and fans, integral sub cooling coil, controls, liquid receiver, screens. 

	2.2 Cabinet 
	.1 Construct of heavy gauge galvanized steel with baked enamel finish, easily removed access doors or panels with quick fasteners. 

	2.3 Compressor 
	.1 Provide serviceable, hermetic, 1750 rev/min, resiliently mounted compressors with positive lubrication, crankcase heater, cylinder unloaders for capacity modulation, motor overload protection, service valves and filter drier. 
	.2 Provide timer circuits to prevent rapid loading and unloading for system stabilisation.  

	2.4 Condenser 
	.1 Coil: seamless copper tubing with aluminum fins. 
	.2 Fans: vertical discharge, direct drive axial fans, resiliently mounted with guard and motor. 
	.3 Motors: permanently lubricated ball bearing motors with built in current and overload protection. 

	2.5 Refrigerant 
	.1 Refrigerant R-22 shall NOT be used. 
	.2 Refrigerant R-407 and R-410A may be used for the system. 

	2.6 Controls 
	.1 Provide high and low pressure cut-outs for compressor, oil pressure control, non recycling pump down and reset relay. 


	EXECUTION 
	3.1 Installation 
	.1 Each condenser shall be securely mounted and supported on a 300 mm high equipment curb or galvanized metal stand. 
	.2 Each loop shall tie into one of two cooling coils located in the air handling unit. 

	3.2 Performance 
	.1 Refer to equipment schedules. 
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	1. GENERAL 
	1.1 Scope 
	.1 Heat Tape/Trace components, accessories and installation material for a complete operating system. 

	1.2 General Requirements 
	.1 Provide heat tape where indicated on Mechanical Drawings and specified herein. 
	.2 FM Approved constant wattage cable. 

	1.3 Submittals 
	.1 Submit Shop Drawing which shall include the following minimum information. Shop Drawings submitted without this information shall be automatically rejected. 
	.1 Manufacturer’s data sheets on each product to be used including: 
	.1 Preparation instructions and recommendations. 
	.2 Storage and handling requirements and recommendations. 
	.3 Installation methods. 

	.2 Materials of construction: indicate material and wire gauge. 
	.3 Power consumption and required power supply.  


	2. PRODUCTS 
	2.1 Heat Tracing/Tape 
	.1 Parallel zone system, two conductor stranded copper bus wires covered with FEP Teflon or fluoropolymer inner insulation.  Resistance heating cable connection to alternate bus wires covered with extruded FEP Teflon insulating jacket and a stainless steel braided overjacket.  
	.2 Heating capacity: 20 W/m (6 W/Ft) 
	.3 For use with 120 V power supply.  
	.4 Standard of Acceptance:  
	.1 Delta-Therm PF Series Catalog No. PF-6-SB 
	.2 Contact Information:  


	2.2 Controls 
	.1 Heat tracing shall turn on to prevent frost build up on the intake of the gravity hood for AHU-H242A. 
	.2 System shall be controlled via the Inlet Building main Controller. 
	.3 Heat tape will turn “on” when the O/A temperature sensor reads an air temperature between -5 to 5°C and turned “off” otherwise.  


	3. EXECUTION 
	3.1 Installation 
	.1 Follow Manufacturer’s installation instructions and guidelines for : 
	.1 General installation, set-up, and preparation of the heat trace and associated components 
	.2 Proper end termination of cable with proper termination kits 
	.3 Proper power and control connections 

	.2 Heat trace shall be installed directly on the bird screen of the intake gravity hood.  
	.3 Heat trace may be installed above (preferred) or below the screen with stainless steel clamps every 75 mm for the entire perimeter of the intake hood.  

	3.2 Quality Control 
	.1 Test continuity of heating cable. 
	.2 Perform insulation resistance (megger) test on each heater section before, during, and after pavement placement. Minimum acceptable megger reading shall be 10 megohms. 
	.3 Measure voltage and current at each unit after installation is complete. 
	.4 Submit written test report showing values measured on each test for each cable. 
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	1. GENERAL 
	1.1 Scope 
	.1 Indoor air handling units, custom pre-manufactured type. 

	1.2 Quality Assurance 
	.1 It is the intent of this Specification that the Manufacturer provides air handling units designed and manufactured specifically to the requirements of this Project.  Overall dimensions and configuration are to be as shown on the plans and as described in the Specifications.  Take responsibility for the engineering and operational integrity of the air handling units. 
	.2 Unit construction shall be per the construction details included at the end of this Section, and as described herein. 
	.3 Provide unit produced by a recognized manufacturer who maintains a local service agency and parts stock. 
	.4 Air flow rates, external static pressures, water flow rates, coil face velocities, filter face velocities, water and air side pressure drops shall be the same or better than specified. 
	.5 Fans shall be to AMCA standards, and bear AMCA “certified” seal. 
	.6 Coils shall be ARI certified, and bear ARI seal. 
	.7 Provide all motors with thermal overload protection.  Provide thermisters in motor windings.  All motors shall be high efficiency type and shall be inverter duty for use with VFD’s. 
	Start-up of unit shall be executed by Manufacturer's personnel. 
	.9 All components, paints and lining shall have a flame spread rating of not over 25 without evidence of continued progressive combustion and a smoke developed rating no higher than 50. 

	1.3 Submittals 
	Submit Shop Drawing which shall include the following minimum information.  Shop Drawings submitted without this information shall be automatically rejected. 
	.1 Construction details: submit unit construction drawings for the following components: 
	.1 Side panels, including connection details 
	.2 Top panel, including connection details 
	.3 Floor, including connection details 
	.4 Doors, hinges, latch, viewing port 
	.5 Fan, motor and drive, mounting and isolation 
	.6 Coil section 
	.7 Pipe and conduit penetration through casing or floor 
	.8 Drain pan 
	.9 Damper, linkage, and drive construction and mounting 

	.2 Materials of Construction: indicate material and gauge of all construction components. 
	.3 Mass Distribution Drawings: show point loads and recommended method of unit installation. 
	.4 Fan Performance Data: submit fan performance curves as well as performance tables. 
	.5 Coils: Selection criteria indicating air side and fluid side capacities, in and out conditions, velocities, pressure drops and fouling factors.  Submit a drawing showing headers, circuiting arrangement, connection sizes, and materials of construction. 
	.6 Air Filters: media, efficiency rating, velocity, pressure drop charts and capacities.  Indicate mounting method and arrangement. 
	.7 Vibration isolator Shop Drawings. 
	.8 Table indicating pressure drops through all components of the unit. 
	.9 Damper Shop Drawings. 
	.10 Detailed composite wiring diagrams showing factory installed wiring, including wiring of the control components. 
	.11 Sound Levels: submit sound power levels generated by the air handling unit at the inlet and outlet of the unit and outside the fan section.  List for individual octave bands in dB referenced to A rating. 


	2. PRODUCTS 
	2.1 Components 
	Air handling units shall consist of, but not be limited to, the following components: 
	.1 Supply fans complete with backdraft dampers 
	.2 Cooling coils 
	.3 Summer prefilter 
	.4 Winter prefilter frame 
	.5 Final filter 
	.6 Motorised outdoor air section 
	.7 Motorised return air section 
	.8 Access sections 


	2.2 Cabinet 
	Exterior Panels: minimum 18 gauge satin coat galvanized steel with air-dried enamel finish. 
	.2 Walls and Ceilings: interlocking construction with at least two breaks at each interlocking joint.  Wall and ceiling joints to be broken inward.  All panel joints to be caulked.  Casing depth to match the specified insulation thickness.  Inside surfaces shall be clean and flush, free of exposed flanges. 
	.3 Base: construct from structural steel channel iron around perimeter with intermediate channel and angle iron supports.  Provide a 14 gauge thick checker steel plate in all sections of the unit.  Provide floor bracing channels at maximum 300 mm on centre. 
	Insulation and Liner: 
	.1 Insulate all exterior walls and roof with 50 mm thick fibrous glass acoustic insulation, 48 kg/m³ (3 lb/ft3) density.  Line interior of all panels with 22 gauge perforated galvanized steel liner. 
	.2 Insulate underside of unit floor with 50 mm thick rigid fibrous glass insulation 48 kg/m³ (3 lb/ft3) density.  Hold in place insulation with welded pins 400 mm on centre. 


	2.3 Access Doors 
	.1 Provide hinged man sized access doors.  Door construction to be the same as casing.  Provide minimum two (2) ventlock latches per door openable from both sides.  Door hinge to be continuous cadmium plated piano hinge with brass pin.  Doors to be sealed with automotive type 13 mm closed cell hollow round black gasket with a metal encapsulated reinforced backing that mechanically fastens to the door frame.  (Neoprene or foam gaskets are not acceptable).  Door sizes to be 750 x 1800 mm or as limited by height of unit.  Provide access doors for the following sections: 
	.1 Fan section 
	.2 Cooling coil section 
	.3 Final filter section 
	.4 Prefilter section 
	.5 Mixing section 
	.6 Access sections 


	2.4 Finish 
	.1 Entire exterior is to be painted with two (2) coats primer paint followed by minimum two (2) coats of exterior application of air-dried enamel. 

	2.5 Drain Pans 
	.1 On units without stacked coils, provide a single fabricated 16 gauge galvanized steel drain pan under cooling coils.  Prime coat pan inside and out with zinc chromate, iron oxide, phenolic resin paint and two coats of bitumastic paint.  On units with stacked coils, provide a separate drain pan under each coil.  On all units, provide a secondary drain pan extending under the entire access section downstream of the cooling coil and humidifier section.  Provide a drain pan to drain the fresh air intake or mixing plenum.  Pipe all drains to the exterior side of unit. 

	2.6 Fan 
	.1 Provide fans complete with motors and drives within the fan section of the AHU. 
	Fans to be double width, forward curved centrifugal type.  Fan to be both statically and dynamically balanced.  Wheel shall be constructed of high strength steel, welded construction, with straight bored cast iron hub keyed and set screwed to a turned, ground and polished (TGP) solid steel shaft conforming to ASTM A-108 and QQ-S-637 for 1045 TGP rounds. 
	.3 Mount fans on steel shaft, on self-aligning ball bearings.  Extend lubrication fittings to exterior of fan casing. 
	.4 Provide variable sheaves for motors 11 kW (15 hp) and under and fixed sheaves for motors 15 kW (20 hp) and over. 
	.5 Provide VSD’s with matched motors, where scheduled. 
	.6 Entire fan assembly including fan scroll, wheel and motor to be integrally mounted on an inertia base and to be separated from unit casing with flexible connections and spring isolators.  Concrete may be poured into steel base on site but fan and base must be factory mounted.  Use concrete filled inertia bases on all fans 19 kW (25 hp) and over. 
	.7 Provide OSHA/WCB safety screens (removable) around plug fans, at fan inlets, around all drives and belts. 

	2.7 Filters 
	Refer to Section 15865 – Air Filters, for detailed filter specifications. 
	.2 Summer Prefilter: 50 mm pleated filter, average efficiency 25 to 30% on ASHRAE Test Standard 52-76.  Non-woven cotton and synthetic fabric media.  FARR 30/30. 
	.3 Winter Prefilter: Frame only. 
	.4 Mounting racks to be galvanized, to suit specified filter type. 
	.5 Limit filter velocity based on face area to less than 2.5 m/s (500 fpm). 
	.6 Provide one Dwyer 2000 magnehelic filter gauge for each bank of filters, including for each position of prefilter.  Flush mount gauge on the exterior of the unit. 

	2.8 Coil Section 
	.1 Enclose coils in coil section with headers and U-bends fully contained within the casing. 
	.2 Extend coil supply and return header connections, drain and vent fittings through casing.  Coil connections shall be of same material as the coil headers. 
	.3 Coil racks to be angle iron, providing completely independent support for each coil.  Each coil is to be separately removable without disturbing the other coils.  Provide removable coil access panels in the unit casing. 
	.4 Limit cooling coil face velocity to 2.5 m/s (500 fpm). 
	Limit heating coil face velocity to 3.0 m/s (600 fpm). 

	2.9 Mixing Section 
	.1 Configured to ensure complete mix of air.  Arrange dampers to direct the air flow from set of blades into the other. 
	.2 Utilise damper sections which extend across unit width plane with maximum width not exceeding 1200 mm per section. 

	2.10 Dampers 
	.1 Low leakage type dampers. 
	.2 Blades shall be minimum 12 gauge extruded aluminum.  Blades shall be of air foil design, 150 mm side.  Maximum blade length 1200 mm. 
	.3 Damper seals shall be designed for minimum air leakage by means of overlapping seals. 
	.4 Frames shall be minimum 12 gauge extruded aluminum channel with grooved inserts for vinyl seal. 
	.5 Install blade linkage hardware in frame out of air stream.  Use cadmium plated steel hardware. 
	.6 Arrange linkage and provide an adequate number of damper operators to ensure that the interconnected damper sections operate in unison without binding. 
	The outdoor, return and supply dampers shall be integral part of the AHUs and shall be supplied and installed by the AHU manufacturer at the factory. 
	.8 Damper operators shall be supplied by control subcontractor and installed by the AHU manufacturer at the factory, in accordance with instructions from control subcontractor. 

	Refrigeration/Electrical 
	.1 Refer to Section 15700 – Air Cooled Condensing Units for remote condenser specifications. 
	.2 Evaporator coil: 
	.1 Rated to ARI Standard 210-75. 
	.2 Staggered seamless copper tubes expanded into aluminum fins complete with drain pan and coil slide-out rails. 
	.3 Alternate row circuiting for multi-compressor system, with each compressor on a totally independent refrigeration circuit complete with independent expansion valve. 

	.3 Refrigeration piping and specialties: 
	.1 Refer to Section 15700 – Air Cooled Condensing Units. 



	3. EXECUTION 
	3.1 Assembly 
	.1 Units are to be one-piece construction. 
	.2 Pipe units to permit coil removal. 
	.3 Any piping or conduit passing through the unit casings must be sealed with rubber grommets and retaining plates to prevent air or water leakage. 
	.4 Insulate all piping as per Section 15200 – Piping Insulation. 

	3.2 Air Handling Unit Schedule 
	.1 Refer to Equipment Schedules. 
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	GENERAL 
	1.1 Scope 
	.1 Gas fired unit heaters. 

	1.2 Quality Assurance 
	.1 Conform to requirements of CGA, CSA, Provincial and Municipal Codes and be CSA listed. 

	Extended Warranty 
	.1 Provide ten year extended warranty on heat exchangers. 

	1.4 Submittals 
	.1 Provide Shop Drawings of unit heater, including controls wiring diagrams. 

	2. PRODUCTS 
	Type 
	.1 Provide self-contained, packaged, factory assembled, pre-wired unit consisting of cabinet, supply fan, exchanger, gas burner and controls. 

	2.2 Construction 
	.1 Cabinet: Heavy gauge galvanized steel with baked enamel finish, easily removed and secured access doors, glass fibre insulation and reflective liner. 
	.2 Heat Exchanger: Aluminised steel of welded construction. 
	Supply Fan: Centrifugal type rubber mounted with belt drive, adjustable variable pitch motor pulley, rubber isolated hinge mounted 1750 rev/min motor.   

	2.3 Burner 
	.1 Gas Burner:Sealed combustion type with direct from outdoors combustion air, equipped with combination gas valve and pressure regulator incorporating manual shut-off, pilot valve, automatic 100% shut-off and thermocouple pilot safety device. 
	.2 Gas Burner Safety Controls: Thermocouple sensor prevents opening of solenoid gas valve until pilot flame is proven and stops gas flow on ignition failure. 

	2.4 Burner Operating Controls 
	.1 Low voltage, adjustable room thermostat, controls burner operation to maintain room temperature setting. 
	.2 High limit control, with fixed stop at maximum permissible setting, de-energises burner on excessive bonnet temperature and energises burner when temperature drops to lower safer value. 
	.3 Control supply fan in accordance with bonnet temperatures and independent of burner controls.  Include manual switch for continuous fan operation. 


	3. EXECUTION 
	3.1 Installation 
	.1 Unit shall be suspended from roof structure as recommended by Manufacturer. 

	3.2 Performance 
	.1 Refer to Equipment Schedules. 
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	1. GENERAL 
	1.1 Scope 
	Centrifugal fans 

	1.2 Quality Assurance 
	.1 Conform to AMCA Bulletins regarding construction and testing.  Fans shall bear AMCA certified rating seal. 
	.2 Fans shall bear CSA label. 
	.3 Motors to be high efficiency as specified in Section 15010 – General Mechanical Provisions. 

	1.3 Submittals 
	.1 Submit with Shop Drawings acoustical data and fan curves showing fan performance with fan and system operating point plotted on curves, including equipment weights and centre of gravity diagrams for suspended fans. 

	1.4 Job Conditions 
	.1 Do not operate fans for any purpose, temporary or permanent until ductwork is clean, filters are in place, bearings are lubricated and fan has been run under close supervision of unit Manufacturer. 

	2. PRODUCTS 
	2.1 General 
	.1 Statically and dynamically balance fans so no objectionable vibration or noise is transmitted to occupied areas of the building. 
	.2 Provide balanced variable sheaves for motors 11.2 kW (15 hp) and under and fixed sheave for 15 kW (20 hp) and over. 
	.3 Fans are to be capable of accommodating static pressure variations of ±10% with no objectionable operating characteristics. 
	.4 Fan suppliers to provide replacement sheaves for balancing purposes.  Sheaves of the wrong size will be returned to the supplier. 
	.5 Provide cross linkage and inlet vanes on double inlet fan. 
	.6 Size motors for parallel operating fans for non-overloading operation with only one fan operating. 
	.7 Provide belt guards with tachometer holes. 
	.8 External static pressure means external to the fan cabinet and all accessories such as backdraft dampers, mixing boxes, filters and coils, etc.  These accessories if supplied as part of the unit are considered as internal losses for fan. 
	.9 Two speed motors shall have separate winding for each speed.  Variable speed applications shall be inverter duty complete with VSD matched to fan motor. 

	2.2 Centrifugal Fans 
	.1 Fabricate with multi-blade wheels in heavy gauge steel housing reinforced for service encountered. 
	.2 Provide V-belt drives with fan and motor mounted on reinforced, rigid steel base with adjustable motor mount. 
	.3 Provide heavy duty, self-aligning, anti-friction bearings.  Extend lubrication fittings to outside of fan casing. 
	.4 Provide where indicated in Section 15999 – List of Schedules VFD’s as per Division 16 requirements. 
	.5 Provide access door and drain connection to scroll. 
	.6 Unless noted otherwise, centrifugal fans over 425 mm diameter shall have die formed air foil blades welded to side and back plate. 
	.7 Provide fan cabinets lined with minimum 25 mm acoustic insulation, unless noted otherwise elsewhere in the specifications. 


	3. EXECUTION 
	3.1 Installation 
	.1 Where inlet or outlet is exposed, provide safety screen. 
	.2 Provide belt guards on belt driven fans complete with tachometer access. 
	.3 Supply and Install sheaves as necessary for final air balancing. 
	.4 Provide 100 mm high housekeeping base for floor mounted units. 

	3.2 Priming 
	.1 Prime coat fan wheels and housing at factory inside and outside.  Prime coating on aluminum part is not required. 
	.2 Provide two additional coats of paint on fans handling air downstream of humidifiers. 

	3.3 Performance 
	Fan performance based on 225 m above sea level conditions. 
	.2 Refer to Equipment Schedule Section 15999 – List of Schedules. 




	15830.doc
	1. GENERAL 
	1.1 Scope 
	Ductwork and plenums 
	.2 Fasteners 
	.3 Sealants 
	.4 Duct cleaning 

	1.2 Definitions 
	.1 Low Pressure: Static pressure in duct less than 500 Pa (2” wg) and velocities less than 10 m/s (2000 fpm). 
	.2 Duct sizes shown on plans are inside clear dimensions.  For acoustically lined or internally insulated ducts, maintain sizes inside ducts. 

	1.3 Quality Assurance 
	Ductwork shall meet the requirements of NFPA No. 90A - Air Conditioning and Ventilating Systems. 
	.2 Fabricate in accordance with SMACNA duct manuals and ASHRAE handbooks. 
	Flexible air duct shall conform to NFPA 90A and UL181 standard for factory made air duct materials and air duct connectors.  

	Submittals 
	.1 Submit Shop Drawings and Samples of duct fittings for review, including particulars such as gauge sizes, welds and configurations prior to start of Work. 

	2. PRODUCTS 
	Materials 
	.1 Ducts: galvanized steel lock forming quality, having galvanized coating of 380 g/m2 (1.25 oz/ft2) for both sides. 
	.2 Fasteners: use rivets and bolts throughout; sheet metal screws accepted on low pressure ducts. 
	.3 Sealant: water resistant, fire resistive, compatible with mating materials. 
	.4 Use stainless steel ducts for handling moisture laden air, gauges as per SMACNA for pressure rating, where indicated on the Drawings. 


	3. EXECUTION 
	3.1 Plenum Gauges 
	.1 Fabricate fan plenums and plenums downstream of fan in accordance with SMACNA manual. 
	.2 Fabricate plenums between fan and upstream apparatus of 1.6 mm (16 gauge) thick material. 
	.3 Fabricate plenums between filters and upstream apparatus of 1.3 mm (18 gauge) thick material. 

	Duct Sealing 
	.1 All supply, return and exhaust duct joints, longitudinal as well as transverse, should be sealed using: 
	.1 Low Pressure Ductwork: 
	.1 Slip joints: apply heavy brush-on high pressure duct sealant. Apply second application after the first application has completely dried out. Where metal clearance exceeds 1.5 mm use heavy mastic type sealant. 
	.2 Flanged joints: soft elastomer butyl or extruded form of sealant between flanges followed by an application of heavy brush-on high pressure duct sealant. 
	.3 Other joints: heavy mastic type sealant. 


	.2 Duct tapes as sealing method are not permitted. 
	.3 Surfaces to receive sealant should be free from oil, dust, dirt, moisture, rust and other substances that inhibit or prevent bonding. 
	.4 Prior to sealing all ductwork, demonstrate sealing of a section of each type of duct and obtain approval from the Contract Administrator. 
	.5 Do not insulate any section of the ductwork until it has been inspected and approved of duct sealant application. 

	3.3 Installation 
	.1 Locate ducts with sufficient space around equipment to allow normal operation and maintenance activities. 
	.2 Coordinate the location of duct access doors.  Refer to Section 15835 – Duct Accessories.  
	.3 Provide openings in ductwork where required to accommodate thermometers and controllers.  Provide pitot tube openings where required for testing of systems, complete with metal can with spring device or screw to ensure against air leakage.  Where openings are provided in insulated ductwork, install insulation material inside a metal ring. 
	.4 Interrupt duct linings at fire, balancing backdraft and smoke dampers so as not to interfere with operation of devices.  Provide sheet metal edge protection over linings on both sides of damper device. 
	.5 Shield ductwork from dust and construction material during construction.  Clean any ductwork found to be dirty at no extra cost to the Contract. 
	.6 Protect carbon steel ductwork exposed to weather by painting or coating with suitable weather resistant material. 
	.7 Install ducts associated with fans subject to forced vibration with flexible connections immediately adjacent to equipment.  Refer to Section 15835 – Duct Accessories. 
	.8 Prove that ductwork is substantially air tight before covering or concealing. 
	.9 Clean duct systems and force air at high velocity through duct to remove accumulated dust.  To obtain sufficient air, clean half the system at a time.  Protect equipment which may be harmed by excessive dirt with filters or bypass during cleaning. 
	Clean systems with power vacuum machines. 
	.11 Fabricate ductwork from field measurements and not from Drawings and Shop Drawings exclusively.  Failure to do so will not constitute an extra to the Contract. 
	.12 Complete metal ducts within themselves with no single partition between ducts.  Where width of duct exceeds 450 mm cross brace for rigidity.  Open corners are not acceptable. 
	.13 Lap metal ducts in direction of air flow.  Hammer down edges and slips to leave smooth duct interior. 
	.14 Construct tees, bends and elbows with radius of not less than 1.5 times width of cut on centre line.  Where not possible and where rectangular elbows are specified, provide double wall air foil type turning vanes. 
	.15 Increase duct sizes gradually, not exceeding 15° divergence wherever possible.  Maximum divergence upstream of equipment to be 30° and 4° convergence downstream. 
	.16 Rigidly construct metal ducts with joints mechanically tight, substantially airtight, braced and stiffened so as not to breathe, rattle, vibrate, or sag.  Caulk duct joints and connections with sealant as ducts are being assembled.  Seal seams on fresh air and exhaust ducts watertight with mastic or low velocity duct sealant. 
	Weld all stainless steel ductwork and ensure a smooth finish on all interiors. 
	.18 Provide drains in fresh air sections with deep seal traps. 
	.19 Set plenum doors 150 mm above floor.  Arrange door swings so that fan static holds door in closed position. 
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	1. GENERAL 
	1.1 Scope 
	.1 Duct Access doors 
	.2 Balancing Dampers 
	.3 Backdraft Dampers 
	.4 Flexible connections 

	1.2 Quality Assurance 
	.1 Access doors shall be ULC labelled. 
	.2 Accessories shall meet the requirements of NFPA 90A, Air Conditioning and Ventilating Systems.  Fabricate in accordance with ASHRAE Handbooks and SMACNA Duct Manuals. 
	.3 Prove all dampers to inspector at job completion. 

	1.3 Submittals 
	.1 Submit Shop Drawings of factory fabricated assemblies. 
	.2 Submit Shop Drawings and product data in accordance with Section 01300 – Submittals and Section 15010 – Mechanical General Requirements. 
	.3 Shop Drawings shall be clear and legible, facsimiles will not be accepted.  Provide a cover page for each air handling unit, showing the project name, consulting engineer, mechanical contractor, tagging information, revision if applicable and submission date, leaving adequate space for approval stamps. 
	.4 Provide all technical information relevant to the product being provided, including but not limited to all the information shown in the schedules of the Specification.  It is the responsibility of the vendor to highlight any variances the equipment has with the requirements of this Specification. 

	2. PRODUCTS 
	2.1 Duct Access Doors 
	.1 Fabricate rigid and close-fitting doors of 304L stainless steel with sealing gaskets and suitable quick fastening locking devices.  Duct access panels with screws are not acceptable.  Install minimum 25 mm (1”) thick insulation with suitable sheet metal cover frame for insulated ductwork. 
	.2 Fabricated with two butt hinges and two sash locks for sizes up to 450 mm (18”), two hinges and two compression latches with outside and inside handles for sizes up to 600 x 1200 mm (24” x 48”) and an additional hinge for larger sizes. 

	2.2 Balancing Dampers 
	.1 Fabricate of galvanized steel, minimum 1.6 mm (16 gauge).  Full blade-length shafts of hollow square construction with blades rigidly fastened along entire blade length. 
	.2 Lockable quadrant type operating mechanism with end bearings on accessible rectangular ducts up to 400 mm deep and on accessible round ducts. 
	.3 Wide pitch screw operating mechanism with crank operator and end bearings on accessible rectangular ducts 425 mm and over in depth and on all inaccessible rectangular and round ducts. 
	.4 On rectangular ducts up to 275 mm deep construct of single blade (butterfly) type. 
	.5 On rectangular ducts 300 to 400 mm deep construct of two opposed blades mechanically interlocked with pivots at quarter points. 
	.6 On rectangular ducts over 425 mm deep construct of multiple opposed blades mechanically interlocked with blades no greater than 200 mm deep and pivots equally spaced. 
	.7 On round ducts construct of single blade (butterfly) type.  On 500 Pa (2”wg) class and on all dampers over 300 mm diameter fabricate with full blade-length shaft. 
	.8 Construct damper blades for medium and high pressure systems to block air passage 70% maximum.  Provide complete with locking type handles. 
	.9 Provide over-ride limiting stops on all operating mechanisms. 
	.10 Identify the air flow direction and blade rotation and open and close positions on operating mechanism. 
	.11 On round ductwork install operating mechanism on a steel mounted base firmly secured to the ductwork. 
	.12 On externally insulated ductwork, install operating mechanisms on a steel bridge type mounting base to permit continuity of insulation under the mechanism. 
	.13 Electronic Damper Operators: 
	.1 Proportional and 2 position actuator, spring return: 
	.1 Electronic direct coupled type which require no crankarm and linkage. 
	.2 Power supply: 120 VAC (or as indicated in Section 15999 – List of Schedules). 
	.3 Provide proportional damper control in response to 4 to 20 mA control input with the addition of a 500 ohms resistor. 
	.4 Designed so that may be used for either clockwise or counter-clockwise failsafe operation. 
	.5 Use a brushless DC motor and be protected from overload at all angles of rotation. 
	.6 Run time shall be constant and independent of torque. 
	.7 Two (2) SPDT, 6A, 250 VAC position switches, switching points fully adjustable over full actuator rotation. 
	.8 UL listed and CSA certified 

	.2 Provide sufficient damper motors to achieve unrestricted movement, with a minimum of one (1) damper operator per damper section. 
	.3 Standard of acceptance: Belimo 


	2.3 Backdraft Dampers 
	.1 Construct of minimum 1.3 mm aluminum channel frame. 
	.2 Construct of minimum 0.6 mm aluminum blades, complete with stiffeners along trailing edge.  Fabricate single blade dampers for duct sizes to 240 mm, multiblade dampers for ducts greater than 240 mm. 
	.3 Provide full blade-length shafts complete with brass or nylon bearings. 
	.4 Provide neoprene anti-clatter blade strips on pivot side of blades. 
	.5 Construct blade connecting linkage of minimum 2.0 mm aluminum rod with eyelet, pin bearings, and adjustable counter weight to assist blade opening action. 
	.6 Maximum blade length of 750 mm. 
	.7 Backdraft damper suitable for 10 m/s face velocity. 

	2.4 Flexible Connections 
	.1 Fabricate of ULC approved neoprene coated flameproof glass fabric approximately 150 mm (6”) wide tightly crimped into metal edging strip and attached to ducting and equipment by screws or bolts at 150 mm (6”) intervals.  Flexible connection airtight at 500 Pa (2” wg). 
	.2 Do not use flexible connections to connect kitchen ductwork to kitchen fans where the fan is mounted inside the building enclosure.  Fan connections in these cases shall be governed by NFPA 96 (flanged connections). 
	.3 Provide flexible connections between generator, radiator, and discharge plenum. 


	3. EXECUTION 
	3.1 Application 
	.1 Provide access door minimum 450 x 350 mm (18” x 14”) or 50 mm (2”) smaller than duct dimension for cleaning and inspection at positions indicated by Drawings and as follows: 
	.1 Both sides of turning vanes in all ducts 
	.2 At each side of all heating or cooling coils 
	.3 At all locations of internally duct mounted devices including automatic dampers, damper motors and control sensors and devices. 

	.2 At each point where ducts pass through fire separation duct shall be sealed with non combustible material. 
	.3 Provide motorized dampers where indicated on Drawings comes with appropriately sized actuators. 
	.4 Provide balancing dampers at points on supply and exhaust systems where branches are taken from larger ducts as required for proper air balancing. 
	.5 Install ducts associated with fans and equipment subject to forced vibration with flexible connections, immediately adjacent to equipment and/or where indicated on Drawing. 
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	1. GENERAL 
	1.1 Scope 
	Diffusers 
	.2 Grilles and registers 
	.3 Outside louvres 
	.4 Diffuser boots 
	.5 Goosenecks 

	1.2 Quality Assurance 
	.1 Air flow tests and sound level measurement shall be made in accordance with applicable ADC equipment test codes, ASHRAE Standards, and AMCA Standards. 
	.2 Unit rating shall be approved by ADC and AMCA. 
	.3 Manufacturer shall certify catalogued performance and ensure correct application of air outlet types. 
	.4 Outside louvres shall bear AMCA seal for free area and water penetration. 

	1.3 Project Conditions 
	.1 Review requirements of outlets as to size, finish and type of mounting prior to submitting Shop Drawings and schedules of outlets. 
	.2 Positions indicated are approximate only.  Check locations of outlets and make necessary adjustments in position to conform with Architectural features, symmetry and lighting arrangement. 

	1.4 Submittals 
	.1 Submit Shop Drawings with complete catalogue information, materials of construction, dimensions and accessories for all air outlets, louvres and components in this Specification Section, and as scheduled. 
	.2 Submit colour selection charts of finishes for approval prior to fabrication. 

	2. PRODUCTS 
	2.1 General 
	.1 Base air outlet application on space noise level of NC 30 maximum. 
	.2 Provide supply outlets with sponge rubber seal around the edge. 
	.3 Provide baffles to direct air away from walls, columns or other obstructions within the radius of diffuser operation. 
	.4 Provide plaster frame for diffusers located in plaster surfaces. 
	.5 Provide anti-smudge frames or plaques on diffusers located in rough textured surfaces such as acoustical plaster. 
	Refer to Air Outlet Schedule for specifications of air outlets. 

	2.2 Outside Louvres 
	.1 Louvres 100 mm deep with blades on 45° slope with centre baffle and return bend heavy channel frame, birdscreen with 15 mm square mesh. 
	Fabricate of 1.6 mm (16 gauge) galvanized steel blades and frame.  Provide welded assembly. 
	Finish in factory baked enamel.   
	.4 See Equipment list in Section 15999 – List of Schedules. 

	Goosenecks 
	.1 Fabricate goosenecks of minimum 1.3 mm (18 gauge) galvanized steel. 
	.2 Mount on minimum 300 mm high curb base where size exceeds 225 x 225 mm. 


	3. EXECUTION 
	3.1 Priming 
	.1 Paint ductwork visible behind air outlets matte black. 

	3.2 Sizing 
	.1 Size outside air louvres as indicated on Drawings. 
	.2 Size air outlets as indicated on Drawings. 

	3.3 Air Outlets Schedule 
	.1 Refer to Equipment Schedules in Section 15999 – List of Schedules. 
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	1. GENERAL 
	1.1 Scope 
	Pleated filters 

	1.2 Quality Assurance 
	.1 Filters shall be product of and supplied by one manufacturer. 
	.2 Filter media shall be UL listed, Class I or Class II. 
	.3 Filter components assembled to form filter banks shall be products of same manufacturer. 
	.4 Filters containing asbestos, urea formaldehyde or fibreglass will not be accepted. 

	1.3 Alternatives 
	.1 Size, media face area, material, test efficiency, initial and final air resistance of alternative manufacturers shall be as specified. 

	1.4 Submittals 
	.1 Provide Shop Drawings of all filters, and filter racks/housings. 

	2. PRODUCTS 
	Frames 
	.1 Fabricate filter frames and supporting structures of galvanized steel or extruded aluminum with necessary gasketting between frames and walls.  Provide holding frames 1.6 mm (16 gauge), "T" section construction. 
	.2 Provide standard size frames to provide interchangeability of filter media of other Manufacturers. 

	2.2 Pleated Filters 
	.1 Media:  the filter shall be constructed of non-woven reinforced cotton rayon.  A diamond grid with 98% open area shall provide support for the media.  The media shall be bonded to media support to ensure pleat stability.  A rigid, moisture resistance heavy duty kraft board shall enclose the media.  The filter pack shall be bonded to the inside periphery of the frame to eliminate air bypass. 
	The efficiency shall be 30 to 35% based on ASHRAE 52-76 up to 2.5 m/s (500 fpm) for 25 mm and 50 mm thick and up to 3.0 m/s (600 fpm) for 100 mm thick. 


	3. EXECUTION 
	3.1 Installation 
	.1 Construct and install filters to prevent passage of unfiltered air.  Provide felt, rubber or neoprene gaskets. 
	.2 Do not operate fan system connected to filter banks until filters (temporary or permanent) are in place.  Provide new filters at take-over by the City.  Replace filters used during construction. 
	.3 Provide filter banks in arrangement shown with removal and access indicated. 

	3.2 Performance 
	.1 Refer to Equipment Schedules in Section 15999 – List of Schedules. 
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	1. GENERAL 
	1.1 References 
	.1 The following is a list of standards which may be referenced in this Section: 
	.1 ANSI: X3.4, Information Systems - Coded Character Sets - 7 Bit American National Standard Code for Information Interchange (7 Bit ASCII). 
	.2 ASHRAE:  
	.1 135, Data Communication Protocol for Building Automation and Control Networks. 

	.3 EIA:  
	.1 TIA 232 F, Interface Between Data Terminal Equipment and Data Circuit Terminating Equipment Employing Serial Binary Data Interchange. 
	.2 485, Standard for Electrical Characteristics of Generators and Receivers for Use in Balanced Digital Multi point Systems. 

	.4 FM. 
	.5 ISO: 8802 3, Information Technology - Telecommunication and Information Exchange Between Systems - Local and Metropolitan Area Networks - Specific Requirements - Carrier Sense Multiple Access with Detection (CSMA/CD) Access Method and Physical Layer Specifications. 
	.6 NEMA: 250, Enclosures for Electrical Equipment (1,000 V Maximum). 
	.7 NFPA: 
	.1 90A, Standard for the Installation of Air Conditioning and Ventilating Systems. 

	.8 UL: 916, Standard for Safety Energy Management Equipment. 
	.9 ULC. 
	.10 CSA. 
	.11 Canadian Electrical Code. 


	1.2 Definitions 
	.1 The terms “HVAC Control System”, “Automatic Temperature Control System”, “Building Automation System”, and “Environmental Management and Control System” shall be considered equivalent and used interchangeably for the purposes of this Contract.  
	.2 Algorithm: A software procedure for solving a recurrent mathematical or logical problem. 
	.3 Analog: A continuously varying signal or value (temperature, current, velocity, etc.). 
	.4 Binary: A two-state system where an “ON” condition is represented by a high signal level and an “OFF” condition is represented by a low signal level. 
	.5 Control Wiring:  
	.1 Includes necessary power wiring to HVAC control devices, digital controllers including terminal units and actuators. 
	.2 Wiring, high or low voltage other than power wiring required for proper operation of mechanical systems. 
	.3 Includes conduit, wire, and wiring devices to install complete control system including motor control circuits, interlocks, thermostats, PE and EP switches and like devices. 
	.4 Includes wiring from DDC cabinet to all sensors and controlled equipment indicated on Drawings and/or in the Points List summary or specified herein and required to execute sequence of operation. 

	.6 Control Process: Software required to complete control loop from input signal to interlock logic and process calculation to final output signal control. 
	.7 Deadband: Temperature range over which no heating or cooling energy is supplied, such as 22 to 25°C; as opposed to single point changeover or overlap, or a range from set point over which no control action is taken. 
	.8 DDC: Consists of microprocessor based controllers with control logic performed by software. Analog to digital (A/D) converters transform analog values into digital signals that microprocessor can use. 
	.9 Power Wiring: Line voltage wiring to mechanical equipment. Line voltage wiring that also serves as control circuit, such as line voltage thermostat or involves interlocking with damper shall be considered control wiring. 
	.10 Abbreviations that may be used in this Section: 
	.1 AC: Air Conditioning. 
	.2 ATC: Automatic Temperature Control. 
	.3 BAS: Building Automation System. 
	.4 CMOS: Complementary Metal Oxide Semiconductor. 
	.5 DDC: Direct Digital Control. 
	.6 DX: Direct Expansion. 
	.7 EP: Electro-Pneumatic 
	.8 EEPROM: Electronic Erasable Programmable Read Only Memory. 
	.9 EMCS: Environmental Management and Control System. 
	.10 HCP: HVAC Control Panel. 
	.11 HMI: Human-Machine Interface. 
	.12 HOA: Hand-Off-Auto (Switch). 
	.13 HVAC: Heating, Ventilation, and Air Conditioning. 
	.14 IP: Current (I) - Pressure (P), as in IP transducer. 
	.15 LCD: Liquid Crystal Display. 
	.16 LED: Light Emitting Diode. 
	.17 PE: Pneumatic-Electric 
	.18 PLC: Programmable Logic Controller. 
	.19 RAM: Random Access Memory. 
	.20 RTD: Resistance Temperature Detectors. 
	.21 VAV: Variable Air Volume. 
	.22 W3: Nonpotable Water. 


	1.3 System Description 
	.1 General Requirements: 
	.1 Supply and Install control wiring, power wiring, conduit, hardware, and electrical work associated with the HVAC control system. 
	.2 Supply and Install control wiring between HVAC control panel contacts and field control devices, such as dampers and motor starter control coil contacts. 
	.3 Supply and Install controls necessary for entire system to have fail safe operation. 
	.4 Control sequences and functions including alarms, monitoring and resetting functions, and operational sequences shall not be limited to point schedules and sequences of operation. 
	.5 Provide sequences and functions as required to deliver a fully functioning HVAC system. 

	.2 Control System Type: 
	.1 The control system used in this Project shall be: 
	.1 Networked DDC Control System (NETWORKED DDC): 

	.2 Microprocessor based DDC Control System utilizing standalone DDC controllers. 
	.3 Information within control system can be utilized by any control component over high speed network. 
	.4 User interface via computer workstation and/or portable terminal. 

	.3 Performance Requirements: Design control system and equipment to perform under the following conditions: 
	.1 Temperature, Ambient: 
	.1 Summer maximum 32 DB/22 WB °C. 
	.2 Winter minimum -35 DB °C. 
	.3 Based on ASHRAE Handbook Fundamentals weather data for the City of Winnipeg, Manitoba. 

	.2 Temperature, Indoor: 
	.1 Heated and Ventilated Process Areas: Summer maximum 39°C; Winter minimum 10°C. 



	1.4 Submittals 
	.1 Submittals:  
	.1 Shop Drawings: 
	.1 Complete specifications, descriptive drawings, catalog cuts, and descriptive literature that include make, model, dimensions, weight of equipment, and electrical schematics, for all control system components. 
	.2 Complete system power, interlock, control, and data transmission wiring diagrams no smaller than 280 x 432 mm. 
	.3 Complete Drawings and schematics of proposed control system, including panel power requirements. 
	.4 System operating sequences to be programmed, in exact English language. 
	.5 Complete points list. 
	.6 Interfaces with HVAC equipment. 
	.1 Schematic diagram of each equipment item. 
	.2 Indicate location of each control item in equipment. 
	.3 Show equipment manufacturer controls where installed. 

	.7 Panel face layout drawings. 
	.8 Damper actuator sizing calculations, in schedule form. 
	.9 Automatic control valve sizing calculations, in schedule form. 


	.2 Information Submittals: 
	.1 Table identifying which member of Contractor’s team is responsible for furnishing and setting in-place power wiring and control wiring of each item or component of HVAC equipment. 
	.2 Recommended procedures for protection and handling of equipment and materials prior to installation. 
	.3 Certificates: 
	.1 Manufacturer’s Certificate of Compliance. 
	.2 Manufacturer’s Certificate of Proper Installation. 

	.4 Draft maintenance agreement. 
	.5 Confirmation that Subcontractor has received, and coordinated with all approved HVAC equipment submittals. 
	.6 Experience and qualifications of Subcontractor’s proposed representative who will supervise installation, adjustment, and calibration of control systems. 
	.7 Performance test plan and schedule. 
	.8 Test Results: 
	.1 Functional and performance test documentation. 
	.2 Component calibration sheets for each instrument and panel component. 

	.9 O&M data: In accordance with Section 01730 – Operation and Maintenance Data. In addition, include the following detailed information: 
	.1 O&M instructions for control system as furnished and installed, including control of associated mechanical and electrical equipment. 
	.2 Record of system adjustments and calibration methods. 
	.3 Performance test results. 



	1.5 Quality Assurance 
	.1 Materials, devices, appliances, and equipment used shall be indicated as acceptable by established standards of UL, ULC, and CSA. 
	.2 Codes and Standards: Meet requirements of applicable standards and codes, except when more detailed or stringent requirements are indicated by Contract Documents, including requirements of this Section. 
	.1 UL: Products shall be UL 916 PAZX listed and ULC listed. 
	.2 Networked DDC Control Systems shall comply with ASHRAE 135 (BACnet). 

	.3 Qualifications of HVAC Controls System Subcontractor: 
	.1 Minimum of fifteen (15) years’ experience in design, installation, and maintenance of fully electronic building automation systems. 
	.2 Minimum of ten (10) years’ experience in design, installation, and maintenance of computer based, direct digital control, facility automation systems. 
	.3 Minimum of five (5) years’ experience as Manufacturer’s authorized representative in design, installation, and maintenance of Manufacturer’s system and products. 
	.4 Capable of furnishing factory trained technicians, competent to provide instruction, routine maintenance, and emergency service onsite within 4 hours after receipt of request. 
	.5 Factory trained certified engineering and commissioning staff, and complete offsite training facilities.  
	.6 Necessary facilities to provide City with complete maintenance, periodic inspection, and service contract. Refer to Paragraph, MAINTENANCE. 

	.4 Compatibility: 
	.1 System shall have documented history of compatibility by design for minimum of fifteen (15) years.  Future compatibility shall be supported for no less than ten (10) years.  
	.2 Compatibility shall be defined as: 
	.1 Ability to upgrade existing field panels to current level of technology, and extend new field panels on previously installed network. 
	.2 Ability for any existing field panel microprocessor to be connected and directly communicate with new field panels without bridges, routers, or protocol converters. 



	1.6 Delivery, Storage, and Handling 
	.1 Corrosion Protection: 
	.1 Control panels, enclosures, and other equipment containing electrical or instrumentation and control devices, including spare parts, shall be protected from corrosion through use of corrosion inhibiting vapour capsules. 
	.2 Prior to shipment, capsules shall be provided within shipping containers and equipment as recommended by capsule Manufacturer. 
	.3 During construction period, capsules shall be replaced in accordance with capsule Manufacturer’s recommendations. 


	1.7 Maintenance 
	.1 Maintenance Service Agreement: 
	.1 Furnish a draft maintenance agreement, prepared and signed by the Controls Supplier, to provide the necessary preventive maintenance to keep the various control systems in proper working condition. 
	.2 Fully describe the maintenance work to be performed and estimate cost of the maintenance during the one (1) year correction period and the subsequent year. 
	.3 This service contract shall include twenty four (24) hour emergency service, seven (7) days per week. 


	2. PRODUCTS 
	2.1 Manufacturers 
	.1 Materials, equipment, and accessories specified shall be products of the following manufacturers, unless indicated otherwise: 
	.1 Landis Division of Siemens Building Technology, Inc. 
	.2 Johnson Controls. 
	.3 Honeywell. 


	2.2 Materials 
	.1 General: 
	.1 Products used in this installation shall be new, currently under manufacture, and shall have been applied in similar installations for minimum of two (2) years. 
	.2 System shall not be used as test site for new products, unless explicitly approved by Contract Administrator’s representative, in writing. 

	.2 Control Components: 
	.1 Control the equipment to operate within the specified range to obtain specified capacities. 
	.2 Sensitivity to maintain control points close enough to set point for acceptable offset, without cycling equipment more frequently than recommended by Manufacturer. 
	.3 Field or computer adjustable to actual set point ranges.  Adjustable to other settings that will provide proper operation of entire control system. 

	.3 Controls Interfacing: 
	.1 Interface controls properly with factory supplied components of mechanical systems. Coordinate special control interfacing requirements. 
	.2 For equipment that requires special interfacing with control system, provide equipment with integral controls or provide accessory devices required for operation of total mechanical system. 
	.3 Coordinate interfaces with electrical work as necessary. 
	.4 Provide electric, electronic, and mechanical devices as required to properly interface with prewired control panels furnished with HVAC equipment and with other mechanical and electrical components. 


	2.3 Labelling 
	.1 All products, namely electrical materials, devices, appliances, and equipment used, shall be indicated as acceptable by established standards of UL, ULC, FM, and CSA. 
	.2 Valid label affixed to item shall provide indication of product acceptance by required agencies. 
	.3 HVAC control panels and control components that consist of multiple components shall bear UL, ULC, and CSA listing mark on unit. 

	2.4 Service Conditions 
	.1 Refer to Section 01600 – Material and Equipment, Division 16 – Electrical Requirements, and Electrical Drawings for classification of areas as hazardous, corrosive, wet, indoor dry, and dust tight. 
	.2 Use materials and methods, and enclose devices in NEMA enclosure types suitable for classification indicated, and as required by Canadian Electrical Code. 
	.3 Exhaust ductwork shall be considered same classification as area served. 
	.4 Instruments within 900 mm of ducts conveying air from spaces classified as Class I, Division 1 or 2 (in accordance with the Canadian Electrical Code) shall be suitable for same area classification as space exhausted. 

	2.5 Electrical Components and Accessories 
	.1 Electrical components shall be provided in accordance with requirements of Division 16, Electrical. 

	2.6 Field Components and Instruments 
	.1 Refer to HVAC controls detailed specification, Section 15901 – HVAC Controls, Field Components, and Instruments. 

	2.7 Microelectronic Control Components 
	.1 Refer to HVAC controls detailed specification, Section 15902 – Microelectronic Control Components. 

	2.8 Accessories 
	.1 Corrosion inhibiting vapour capsules as manufactured by: 
	.1 Northern Instruments; Model Zerust VC. 
	.2 Hoffman; Model A HCI 

	.2 Lifting Lugs: Provide suitably attached for equipment assemblies and components weighing over 45 kg. 
	.3 Equipment Identification Plates:  
	.1 Provide 16 gauge stainless steel identification plate securely mounted on each separate equipment component and control panel in a readily visible location.  Plate shall bear 6 mm high engraved block type equipment identification number and letters indicated in this Specification and as shown. 
	.2 Provide adjacent to the following control devices, and for equipment whose function is not readily apparent. 
	.1 Night low limit thermostats 
	.2 Manual override timers 
	.3 START/STOP switches 
	.4 Emergency STOP switches 
	.5 Special purpose devices 
	.6 HVAC control panels 



	2.9 Equipment Finish 
	.1 Provide materials and equipment with Manufacturer’s standard finish system. Provide Manufacturer’s standard finish color, except where specific color is indicated. 
	.2 If Manufacturer has no standard color, provide gray finish as approved by the Contract Administrator. 


	3. EXECUTION 
	3.1 Sequences of Operation 
	.1 The Electrical Room:  
	.1 Cooling 
	.1 The AHU-H222A is equipped with an economizer section (outside air and return air dampers) to provide the first stage of cooling. When outside temperatures are below the indoor set point temp the outside air and return air dampers modulate to maintain space temperature at set point. The AHU is equipped with two (2) supply fans (primary and back-up duty) each fan has its own motor.  Both fans are VFD controlled and normally operate together at the same speed. If one fan fails the other shall speed up to compensate. In addition the AHU is equipped with two (2) DX cooling coils and two (2) condensers CU-H224A & CU-H225A. Should outside air temperatures rise above the indoor temp set point the AHU outside air damper shall close, the return air damper open and each condenser started in sequence to maintain space temp at set point. In the event that a fan or condenser fails an alarm shall be indicated on the BAS. The BAS shall modulate the speed of the exhaust fan EF-H226A via the VFD to maintain space static pressure at slightly positive (+0.05” wg).  

	.2 Heating: 
	.1 The BAS shall modulate the AHU outside and return air dampers and supply fan speeds in sequence to maintain space temp at set point. Separate heating only thermostats which operate the gas fired unit heaters, UH-H218A & UH-H218B, in the electrical room shall bring on the unit heaters in the event the AHU can not maintain space temp. 



	3.2 Generator room sequence of operation 
	.1 Cooling when diesel generators are on: 
	.1 When the BAS receives a signal that a generator has started the combustion air damper section shall open fully. This damper is a fail open damper, spring to open, (upon loss of power or control signal this damper fails open). The return dampers are also normally open. The exhaust and outside air dampers are normally closed.  
	.2 With the generator running, when the space temperature rises above set point, as sensed by a temperature sensor adjacent to the generator, each individual outside air and corresponding exhaust damper section opens in sequence. At the same time the return air dampers modulate closed. This sequence continues as space temperature rises until all outside air and exhaust dampers are open and the return dampers are fully closed. Note that O/A and Ex/A dampers do not modulate but are instead staged open/closed whereas the return air dampers modulate open/closed.  When the generator is shut down, as sensed by the BAS the cool down sequence of operation is engaged, as follows. 

	.2 Cool Down Sequence, after generators are shut down: 
	.1 After the generator has been shut down there is residual heat that must be removed.  To accomplish this, the BAS opens all O/A, Ex/A, and R/A dampers fully and turns on the corresponding roof mounted exhaust fan.  The dampers and exhaust fan stay operating until space temp has returned to set point at which point the O/A and Ex/A dampers close, the R/A dampers open and the exhaust fan shuts off. Note that the exhaust fan is equipped with a 2 position (open/closed) isolation damper that is open when the fan is running and closed when not running.  
	.2 Each O/A, Ex/A, and R/A damper is equipped with end switches to signal the BAS if it is open or closed. In the event a damper fails, the next damper in sequence shall operate and an alarm shall be indicated on the BAS. The exhaust fan shall be equipped with a current sensing relay to provide operating status and alarm if out of range.  In addition hi and low temperature alarm limits shall be programmed into the BAS. 
	.3 There shall be an independent BAS controller for each generator cooling loop (3 loops, 1 loop per generator). These controllers shall be networked together to share information. Provide one completely programmed spare controller ready to replace a defective one. 

	.3 Heating: 
	.1 Gas fired unit heaters c/w heating only T’Stats are used to maintain space temperature at the heating set point and operate independently of the BAS.  Should space temperature drop below the T’Stat set point, whether or not the generators are operating, the heaters shall come on. 

	.4 Ventilation: 
	.1 The generator room is ventilated and cooled when the generators are off by means of a cooling only T’Stat, controlling a side wall propeller exhaust fan and outside air inlet damper.  Upon a rise in space temp above T’Stat setting the O/A damper shall open, and the sidewall propeller fan shall start (after fan damper opens). 
	.2 Manual room ventilation can also be supplied temporarily via a wind-up timer, which upon turning, activates the exhaust fan and damper. 


	3.3 Installation 
	.1 General: 
	.1 Install systems and materials in accordance with Manufacturer’s instructions, rough in drawings, and equipment details. 
	.2 Changes in location or installation of control devices or equipment shall be approved by the Contract Administrator before proceeding with the Work. 
	.3 Mount devices requiring manual reset and all other user serviceable control devices in readily accessible locations. 

	.2 Wiring: 
	.1 General: 
	.1 Install electric wire, cable, fittings, and conduit associated with systems specified in this section, in accordance with requirements of Canadian Electrical Code. 
	.2 Install control and interlock wiring separate from power wiring. 
	.3 Number code or color code conductors, excluding those used for individual zone controls, appropriately for future identification and servicing of control system. 
	.4 Provide wire markers on each conductor in panel and at load connections.  Identify circuit with control wire number. 
	.5 Restrain wiring in control panels by plastic ties or ducts.  
	.6 Hinge wiring shall be secured at each end so that any bending or twisting will be around longitudinal axis of wire and bend area shall be protected with sleeve. 
	.7 Arrange wiring neatly, cut to length, and remove surplus wiring.  Provide abrasion protection for any wire bundles that pass through holes or across edges of sheet metal. 
	.8 Use Manufacturer’s recommended tool with proper sized anvil for crimp terminations.  No more than two (2) wires may be terminated in single crimp lug and no more than two lugs may be installed on single screw terminal. 
	.9 Wiring shall not be spliced or tapped except at device terminals or terminal blocks. 
	.10 Properly support and run wiring in a neat manner. 
	.11 Run wiring parallel or at right angles to building structure. 

	.2 Concealment: 
	.1 Generally conceal wiring from view, except in mechanical rooms and areas where other conduit and piping are exposed; install exposed wiring and conduit to be as unobtrusive as possible. 
	.2 Install line voltage control wiring, wiring exposed to view, surface-mounted wiring, and wiring concealed within walls in conduit, in accordance with Division 16, Electrical. 
	.3 Install exposed and concealed low voltage control wiring systems in conduit. 
	.4 Wiring within enclosures shall be neatly bundled and anchored to prevent obstruction to devices and terminals. 
	.5 Conduit shall be sized to suit the number, type, and size of conductors as specified in Section 16120 – HV Power Cables & 8 KV Shielded Cable Terminations, and Section 16122 – Wires and Cable 0-1000V. 


	.3 End User Accessible Control Components: 
	.1 Do not mark room thermostats. 
	.2 Mount user adjustable control components (room thermostats, humidistats, temperature sensors, humidity sensors, etc.) level and at 1500 mm above finished floor unless indicated otherwise on the Drawings. 

	.4 Control Valves: 
	.1 Verify correctness of installation. 
	.2 Verify proper control action. 
	.3 Adjust limit switch settings. 
	.4 Adjust opening and closing speeds, and travel stops. 
	.5 Stroke control valves by means of associated controller. 

	.5 Control Dampers: 
	.1 Verify correctness of installation. 
	.2 Verify proper control action. 
	.3 Adjust limit switch settings. 
	.4 Adjust opening and closing speeds, and travel stops. 
	.5 Stroke control dampers by means of associated control output. 

	.6 Adjustable Frequency Drives: 
	.1 Verify control wiring installed to adjustable frequency drive. 
	.2 Calibrate and adjust remote speed control loop and feedback loop. 
	.3 Verify control actions and interlocks. 
	.4 Adjust minimum and maximum speed settings. 
	.5 Ramp adjustable frequency drive by simulation of associated controller output. 

	.7 DDC Controllers: 
	.1 Verify control wiring for correctness. 
	.2 Verify power wiring. 
	.3 Calibrate and adjust manual and auto control actions of controllers. 
	.4 Tune control loop. 
	.5 Stroke associated final element through controller output. 
	.6 Verify set points and alarm functions. 


	3.4 Field Quality Control 
	.1 Performance and Functional Testing: 
	.1 Tests and certification shall be as specified in Section 01400 – Quality Control. 
	.2 HVAC controls interface with process control system shall be coordinated with the Work of Section 17600 – PLC I/O Index. 


	3.5 Manufacturer’s Services 
	.1 Manufacturer’s Representative: Present at site or classroom as designated by City for minimum person-days listed below, travel time excluded: 
	.1 Five (5) person-days for installation, assistance, and inspection. 
	.2 Five (5) person-days for functional and performance testing and Manufacturer’s Certificate of Proper Installation. 
	.3 Five (5) person-days for prestartup classroom or site training. 
	.4 Five (5) person-days for equipment (generator) start-up. 
	.5 Five (5) person-days for post-startup training. 



	3.6 Training 
	.1 Provide training of City’s personnel to enable them to operate HVAC equipment in available modes, to adjust set points, and to interpret alarm signals. 
	.2 Training sessions shall be prepared in advance, and arranged for clear, effective transfer of information in minimum time. 

	3.7 Adjusting and Calibrating 
	.1 Control system shall be adjusted and calibrated by qualified Manufacturer’s Representative. 
	.2 Calibrate control devices at time of installation to ensure measuring and reading accuracy. 
	.3 Adjustment Record: 
	.1 Prepare complete record of system adjustments for each control system. 
	.2 Indicate deviations from specified temperatures. 
	.3 Include copy of completed record in each copy of O&M Manual. 


	3.8 Cleaning and Touch-up Painting 
	.1 Touch-up scratches, scrapes, or chips in exterior surfaces with finish matching type, colour, consistency, and type of surface of original finish. 
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	1. GENERAL 
	1.1 General 
	.1 This section is supplemental to Section 15900 – HVAC Instrumentation and Controls - General. 
	.2 The requirements of this Section shall be met in addition to those listed in Section 15900 – HVAC Instrumentation and Controls – General and Section 15902 – Microelectronic Field Components. 

	2. PRODUCTS 
	2.1 Control Dampers 
	.1 General: 
	.1 Specification applies to control dampers, except those specified to be furnished with equipment. 
	.2 Furnish opposed blade type for proportional action and parallel blade type for two position action, except where indicated otherwise. 

	.2 High Performance Control Dampers (M): 
	.1 Frame: Frame: 127 x 25 mm by minimum 3.2 mm 6063 T5 extruded aluminum hat shaped channel, mounting flanges on both sides of frame, reinforced at corners. 
	.2 Blades: 
	.1 Style: Airfoil shaped, single piece. 
	.2 Orientation: Horizontal or vertical with thrust washers, as indicated on Drawings. 
	.3 Material:  Heavy duty 6063 T5 extruded aluminum. 
	.4 Width: Nominal 152 mm. 

	.3 Bearings: Molded synthetic sleeve, turning in extruded hole in frame. 
	.4 Seals: 
	.1 Blade Seals: Extruded neoprene type for ultra low leakage from -58 to 135°C. Mechanically attached to blade edge. 
	.2 Jamb Seals: Flexible metal compression type. 

	.5 Linkage: Concealed in frame. 
	.6 Axles:  
	.1 Minimum 13 mm diameter, hex shaped, mechanically attached to blade.  
	.2 Material: Plated steel. 

	.7 Performance Data: As follows: 
	.1 Temperature Rating: Withstand -58 to 135°C. 
	.2 Capacity: Demonstrate capacity of damper to withstand HVAC system operating conditions. 
	.3 Closed Position: Maximum pressure of 3.2 kPa at 305 mm blade length. 
	.4 Open Position: Maximum air velocity of 1,829 m/minute. 
	.5 Leakage: Maximum 0.6m3/minute/m2 at 1 kPa for size 1219 x 1219 mm. 
	.6 Pressure Drop: Maximum 0.01 kPa at 457 m/minute across 610 x 610 mm damper. 

	.8 Manufacturers and Products: 
	.1 Ruskin; Model CD 50. 
	.2 American Warming and Ventilating. 
	.3 TAMCO. 



	2.2 Control Damper Operators 
	.1 General: 
	.1 Select actual quantity of motors required to operate each damper in accordance with size of damper provided. 
	.2 Coordinate exact quantity of damper motors with electrical work to ensure that necessary wiring and conduit is provided for installation. 
	.3 Provide operators for motorized dampers and motorized louvers. 

	.2 Electric Damper Operators: 
	.1 Refer to Motorized Damper Schedule. 
	.2 Mounting: External side plate. 
	.3 Ample power and torque to overcome friction of damper linkage and air pressure acting on damper blades. 
	.4 Furnished with external adjustable stops to limit stroke and end switches to indicate open or closed feed back. 
	.5 Operators on modulating dampers that are to be sequenced with other control devices shall have full relay type pilot positioner and interconnecting linkage to provide mechanical feedback that will accurately position and control damper. 
	.6 Intake, relief, and exhaust dampers shall close and return dampers shall open on control failure or power failure, unless indicated otherwise. 
	.7 Operating Torque: 
	.1 Provide multiple independent damper sections, each with separate actuator, as needed to provide minimum of 120% of operating torque required by damper(s). 
	.2 Required damper operating torque for actuator sizing calculations shall include friction of damper linkage and 200 Pa air pressure on damper blades: 
	.1 Opposed Blade Dampers: Minimum 6 Nm per square meter of damper area, unless higher values are recommended by damper Manufacturer. 
	.2 Parallel Blade Dampers: Minimum 8.5 Nm per square meter of damper area, unless higher values are recommended by damper Manufacturer. 


	.8 Manufacturers: 
	.1 Belimo 
	.2 Neptronic 
	.3 Siemens Building Technologies 
	.4 Johnson Controls 
	.5 Honeywell 



	2.3 Electric Thermostats (TE) 
	.1 Modulating electric type, except where two position action is required. 
	.2 Temperature Scale: Furnish 10 to 32°C dial. 
	.3 External adjustments. 
	.4 Adjustable sensitivity. 
	.5 Nonlocking cover. 
	.6 Insulating back where exterior wall mounting is indicated. 

	2.4 Electronic Sensors 
	.1 Temperature (TT): 
	.1 General Requirements: 
	.1 Sensors and transmitters shall be provided, as outlined in input/output summary and sequence of operations. 
	.2 Temperature sensor shall be resistance type, and shall be either two wire 1,000 ohm nickel RTD or two wire 1,000 ohm platinum RTD. 
	.3 The following point types (and accuracy of each) are required, and their associated accuracy values include errors associated with sensor, lead wire, and A to D conversion: 

	.2 Room Temperature (TT 1): 
	.1 Constructed for either surface or wall box mounting. 
	.2 Nonlocking wire protective guards for room temperature sensors installed in process areas. 
	.3 Shall have the following options when specified: 
	.1 Set point reset slide switch providing plus or minus 1.7°C (adjustable) range. 
	.2 Individual heating/cooling set point slide switches. 
	.3 Momentary override request pushbutton for activation of after hours operation. 
	.4 Analog thermometer. 


	.3 Room Temperature Sensors with Integral Display (TS 2): 
	.1 Constructed for either surface or wall box mounting. 
	.2 Nonlocking wire protective guards for room temperature sensors installed in process areas. 
	.3 Integral LCD display and four button keypad with the following capabilities: 
	.1 Display room and outside air temperatures. 
	.2 Display and adjust room comfort set point. 
	.3 Display and adjust fan operation status. 
	.4 Timed override request pushbutton with LED status for activation of after hours operation. 
	.5 Display controller mode. 
	.6 Password selectable adjustment of set point and override modes. 


	.4 Duct Temperature (TT 3): 
	.1 Accuracy: Plus or minus 1 degree F. 
	.2 Range: 
	.1 Heating: 4 to 60°C. 
	.2 Cooling: minus 1 to 38°C. 

	.3 Element: 
	.1 Rigid insertion, 300 mm length, through sealed opening in center of duct. 
	.2 Averaging, for ducts or plenums with any dimension greater than 908 mm. Sealed opening in duct. Sensing element incorporated in copper capillary a minimum of 6.1 m long, serpentined across full area of airflow. 


	.5 Outdoor Temperature (TS 5): 
	.1 Accuracy: Plus or minus 0.5°C. 
	.2 Range: Minus 4 to 60°C. 
	.3 Cover: Weathertight, with sealed conduit connection and sun shield. 


	.2 Differential Pressure (DP 1): 
	.1 General: 
	.1 Temperature compensated. 
	.2 Vary output voltage with change in differential pressure.  Voltage shall vary linearly from 0 to 10 VDC according to differential pressure between high and low pressure ports. 
	.3 Sensing range shall be suitable for application with linearity of 1.5% of full scale and offset of less than 1% of full scale. 
	.4 Capable of withstanding up to 150% of rated pressure without damage. 
	.5 Compatible with 14 V to 30 VDC supply voltage range. 

	.2 Duct Air Static Differential Pressure: 
	.1 MAMAC transmitter. 
	.2 Dwyer A302 duct probe. 
	.3 Install static pressure fittings for differential pressure sensors and switches at a right angle to the flow. 

	.3 Space Air Static Differential Pressure: MAMAC transmitter. 


	2.5 Miscellaneous Devices 
	.1 General: 
	.1 RTD to voltage (0 to 5 V) converters with zero span adjustments for use with analog inputs. 
	.2 Limited range thermistors are acceptable provided they sense expected range for point at specified accuracy with 0 to 5 V output. 
	.3 Auxiliary contacts in each motor starter, Work of Division 16, Electrical. 
	.4 START/STOP relay module for either momentary or maintained switch action as indicated. 

	.2 Pilot Relays: 
	.1 Plug in type. 
	.2 Interchangeable. 
	.3 Mounted on a circuit board. 
	.4 Wired to numbered terminal strips. 

	.3 Motorized Step Controllers: Furnish with adjustable (from -17 to -12°C) deadband between heating and cooling functions. 
	.4 Manual Timer (MT): 
	.1 1 hour, SPST, 120 V, 20 A. 
	.2 Spring wound. 
	.3 HOLD feature to override the time clock during off hour operation. 
	.4 Install on front cover of HVAC Control Panel. 
	.5 Manufacturers and products: 
	.1 Marktime 
	.2 Dayton 
	.3 Nutone 




	3. EXECUTION  
	3.1 Installation 
	.1 Control Dampers: 
	.1 Install at locations indicated on Drawings and in accordance with Manufacturer's instructions. 
	.2 Install square and free from racking with blades running horizontally. 
	.3 Operate opposed blade dampers from a power blade or drive axle. 
	.4 Bracing: 
	.1 Install for multiple section assemblies to support assembly weight and to hold against system pressure. 
	.2 Install at every horizontal and vertical mullion. 



	3.2 Damper Schedule 
	.1 See Section 15999 – List of Schedules for Control Damper Schedule. 
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	1. GENERAL 
	1.1 General 
	.1 This Section is supplemental to Section 15900 – HVAC Instrumentation and Controls – General, and Section 15901 – HVAC Controls, Field Components, and Instruments. 
	.2 The requirements of this Section shall be provided in addition to those listed in Section 15900 – HVAC Instrumentation and Controls - General. 

	1.2 Definitions 
	.1 ASCII: ANSI X3.4, Information Systems - Coded Character Sets - 7 Bit American National Standard Code for Information Interchange (7 Bit ASCII).  
	.2 BACnet: ASHRAE 135, BACnet, Data Communication Protocol for Building Automation and Control Networks. 
	.3 Distributed Control: System whereby control processing is decentralized and independent of central computer.  Control system is built up of standalone controllers.  Single controller failure shall not impact more than one system. 
	.4 Ethernet: ISO/IEC 8802 3. The most common high performance peer to peer LAN protocol. 
	.5 Integration: 
	.1 Ability of control system components from different manufacturers to connect together and provide coordinated control via real time data exchange through common communications data exchange protocol. 
	.2 Integration shall extend to operator’s workstation software, which shall support user interaction with control system components. 
	.3 Methods of integration include industry standard protocols, such as: BACnet, LonMark/LonTalk, OLE for Process Control (OPC), or integrator interfaces between manufacturer’s systems. 

	.6 Interoperability: Ability of equipment to communicate mutually. 
	.7 Input/Output (I/O): Connections between computer and sensors and actuators. 
	.8 Human Machine Interface (HMI): Method by which operator communicates with HVAC Control System. Allows operator to command, monitor, and program control system. 
	.9 Internet Protocol (IP): Network layer protocol originally created by Defense Advanced Research Project Agency to facilitate data communication between U.S. Defense Department and defense contractors, including universities and manufacturers  
	.10 Local Area Network (LAN): Network in which devices can communicate directly without going through intervening routers. LANs commonly used by DDC system Suppliers include Ethernet (ISO 8802 3), ARCNET, Echelon LonTalk, and EIA 485. 
	.11 Master Slave/Token Passing (MS/TP): One of the data link layers created specifically for use with BACnet messages.  
	.12 Network: 
	.1 System of distributed control units that are linked together on communication highway. 
	.2 Allows sharing of point information between control units. 
	.3 Provides central monitoring and control of entire system from any distributed control unit location. 
	.4 Primary networks provide peer to peer communications. 
	.5 Secondary networks provide either peer to peer, master slave, or supervised token passing communications. 

	.13 Peripheral: I/O equipment used to communicate with computer and make copies of system outputs. Peripherals include CRT, printer, tape deck, diskette. 
	.14 PID (Proportional, Integral, Derivative) Control Loop: Mathematical calculation used to evaluate control input and determine control output value required to maintain input value at set point. Shall have operator adjustable maximum rate of change, P and D gains, and loop response time delay. Loop shall be self integrating so no integral constant is required and not be subject to integral windup. 
	.15 Transmission Control Protocol (TCP): Connection oriented protocol used to convey multiple related messages (e.g., file transfers, Web pages, etc.). 
	.16 Abbreviations that may be used in this Section: 
	.1 BIOS: Basic Input Output System. 
	.2 DDC: Direct Digital Control. 
	.3 IBM: International Business Machines, Inc. 
	.4 LCD: Liquid Crystal Display. 
	.5 PC: Personal Computer. 
	.6 P&ID: Process and Instrumentation Diagram. 
	.7 PI: Pressure Indicator. 


	1.3 Quality Assurance 
	.1 Compatibility: 
	.1 System shall have documented history of compatibility by design for minimum of fifteen (15) years. 
	.2 Future compatibility shall be supported for no less than ten (10) years.  
	.3 Compatibility shall be defined as: 
	.1 Ability to upgrade existing microelectronic controllers to current level of technology, and extend new microelectronic controllers on previously installed network. 
	.2 Ability for any existing microelectronic controller microprocessor to be connected and directly communicate with new microelectronic controllers without bridges, routers, or protocol converters. 



	1.4 System Performance 
	.1 System shall conform to the following performance standards:  
	.1 Graphic Display: 
	.1 Minimum of 20 dynamic points. 
	.2 Current data displayed within 20 seconds of request. 

	.2 Graphic Refresh: System shall update dynamic points with current data within 30 seconds. 
	.3 Object Command:  
	.1 Maximum time between command of binary object by operator and reaction by device shall be 10 seconds.  
	.2 Analog objects shall start to adjust within 10 seconds. 

	.4 Object Scan: Changes of state and change of analog values shall be transmitted over high speed network such that any data used or displayed at controller or workstation will be current, within prior 60 seconds. 
	.5 Alarm Response Time: Maximum time from when object goes into alarm to when it is annunciated at workstation shall not exceed 45 seconds. 
	.6 Program Execution Frequency: Custom and standard applications shall be capable of running as often as once every 5 seconds. Select execution times consistent with mechanical process under control. 
	.7 Performance: Programmable Controllers shall be able to execute DDC PID control loops at selectable frequency from at least once every 5 seconds. Controller shall scan and update process value and output generated by this calculation at this same frequency. 
	.8 Multiple Alarm Annunciation: Workstations on network shall receive alarms within 5 seconds of each other. 
	.9 Reporting Accuracy: Table 1 lists minimum acceptable reporting accuracies for values reported by specified system. 


	2. PRODUCTS 
	2.1 Network Communication 
	.1 Control products for Networked DDC Control System shall comprise an interoperable network, a BACnet network. PC Workstations and Building Controller components shall meet ASHRAE 135, BACnet. 
	.2 Operator Workstations and Building Controllers shall be installed on a primary high speed peer to peer ISO 8802 3 Ethernet network. 
	.3 Custom Application Controllers and Application Specific Controllers may be installed on either primary high speed peer to peer ISO 8802 3 Ethernet network, or Secondary network. 
	.4 Provide all communication media, connectors, repeaters, hubs, and routers necessary for network. 
	.5 Building Controllers shall have communications port for connections with operator interfaces using BACnet Data Link/Physical layer protocol. 
	.6 Provide device on network with minimum 28,000 baud modem that will allow remote operator interface using BACnet Data Link/Physical layer protocol. Modem shall allow for communication with controllers on this network as described below. 
	.7 Communications services over network shall result in operator interface and value passing that is transparent to network architecture as follows: 
	.1 Connection of operator interface device to any one controller on network shall allow operator to interface with other controllers as if that interface were directly connected to other controllers. 
	.2 Data, status information, reports, system software, custom programs for controllers shall be available for viewing and editing from any controller on network. 
	.3 Database values (i.e., points, software variable, custom program variables) of any one controller shall be readable by any other controller on network. 
	.4 This value passing shall be automatically performed by controller when reference to point name not located in that controller is entered into controller’s database. 
	.5 Operator/installer shall not be required to set-up any communications services to perform network value passing. 

	.8 Time clocks in controllers shall be automatically synchronized daily. 

	2.2 Network Human Machine Interface 
	.1 Operator Interface: 
	.1 Furnish PC based operator workstation. 
	.2 Workstation shall be able to access all information in system. 
	.3 Workstation shall reside on same high speed network as building controllers, and shall also be able to dial into system. 

	.2 Communications: 
	.1 Workstation information access shall use BACnet Protocol. 
	.2 Communication shall use ISO 8802 3 (Ethernet). 
	.3 Remote communications shall use BACnet Point to Point Physical/Data Link Layer Protocol. 

	.3 Hardware: Each operator workstation shall consist of the following: 
	.1 Personal Computer: 
	.1 Furnish one (1) IBM compatible PC. 
	.2 Features: 
	.1 Monitor: 432 mm, minimum, SVGA.  
	.2 CPU: Intel Pentium 4, minimum, and operate at a minimum of 3.0 GHz. 
	.3 RAM: 512 Megabytes, minimum. 
	.4 Diskette Drive: One with 1.44 Megabytes capacity. 
	.5 Optical Drive: 48X speed, CD ROM. 
	.6 Hard Drive: 80 GigaByte capacity, minimum, with maximum access time of 9.0 milliseconds. 
	.7 Mouse: Two button. 

	.3 Furnish required serial, parallel, and network communication ports, and cables for proper system operation. 

	.2 Modem: 
	.1 Auto dial telephone modem and associated cables as required for communication to remote buildings, and workstations. 
	.2 Transmit at minimum of 56,000 baud, and communicate over voice grade telephone lines. 

	.3 Printer: 
	.1 Each workstation shall have one printer, with tractor feed, and associated cables. 
	.2 Capable of minimum 160 characters per second operation and compatible with standard parallel or serial communications. 
	.3 Supply one box of minimum 2000 sheets of printer paper and 2 printer ribbons or cartridges. 

	.4 BACnet: 
	.1 Workstation shall use Read (Initiate) and Write (Execute) Services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135, to communicate with BACnet objects in network. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.4 System Software:  
	.1 Operating System: 
	.1 Commercially available, concurrent multitasking. 
	.2 Support use of other common software applications that operate under DOS or Microsoft Windows. 
	.3 Acceptable operating systems are Windows 2000 or Windows XP. 

	.2 System Graphics: 
	.1 Operator workstation software shall be graphically oriented. 
	.2 System shall allow display of up to 10 graphic screens at once for comparison and monitoring of system status. 
	.3 Provide method for operator to easily move between graphic displays and change size and location of graphic displays on screen. 
	.4 Able to be modified while on line. 
	.5 Operator with proper password level shall be able to add, delete, or change dynamic points on graphic. 
	.6 Dynamic points shall include analog and binary values, dynamic text, static text, video and animation files. 
	.7 Ability to show animation of equipment.  

	.3 Custom Graphics: 
	.1 Created with use of commonly available graphics packages, such as PC Paint. 
	.2 Graphics generation package shall create and modify graphics that are saved in industry standard formats such as PCX, BMP, GIF, and JPEG. 
	.3 Graphics generation package shall also provide capability of capturing or converting graphics from other programs such as Designer, or AutoCAD.  

	.4 Graphics Library: 
	.1 Complete library of standard HVAC equipment such as chillers, boilers, air handlers, terminals, fan coils, and unit ventilators. 
	.2 Include standard symbols for other equipment including fans, pumps, coils, valves, piping, dampers, and ductwork. 
	.3 File format compatible with graphics generation package program.  

	.5 Engineering Units: 
	.1 Allow for selection of desired engineering units (i.e., SI) in system. 
	.2 Unit selection shall be able to be customized by locality to select desired units for each measurement. 
	.3 Engineering units on this project shall be SI. 


	.5 System Applications. Each workstation shall provide operator interface and offline storage of system information. Provide the following applications at each workstation:  
	.1 Automatic System Database Save and Restore: 
	.1 Store on hard disk copy of current database of each building controller. 
	.2 Database shall be updated whenever change is made in any panel in system. 
	.3 Storage of data shall be automatic and not require operator intervention. 
	.4 In the event of database loss in building management panel, first workstation to detect loss shall automatically restore database for that panel. 

	.2 Manual Database Save and Restore: 
	.1 System operator with proper password clearance shall be able to archive database from any system panel and store on magnetic media. 
	.2 Operator shall also be able to clear panel database and manually initiate download of specified database to any panel in system. 

	.3 System Configuration: 
	.1 Workstation software shall provide graphical method of configuring system. 
	.2 User with proper security shall be able to add new devices and assign modems to devices. 
	.3 This shall allow for future system changes or additions. 

	.4 Online Help: 
	.1 Context sensitive to assist operator in operation and editing of system. 
	.2 Available for all applications and shall provide relevant data for that particular screen. 
	.3 Additional help information shall be available through use of hypertext. 

	.5 Security: 
	.1 Each operator shall be required to log on to system with user name and password in order to view, edit, add, or delete data. System security shall be selectable for each operator. 
	.2 System supervisor shall have ability to set passwords and security levels for other operators. 
	.3 Each operator password shall be able to restrict operators’ access for viewing and/or changing each system application, full screen editor, and object. 
	.4 Each operator shall automatically be logged off system if no keyboard or mouse activity is detected. 
	.5 Auto logoff time shall be set per operator password. 
	.6 System security data shall be stored in encrypted format. 

	.6 System Diagnostics: 
	.1 System shall automatically monitor operation of workstations, printers, modems, network connections, building management panels, and controllers. 
	.2 Failure of any device shall be annunciated to operator. 

	.7 Alarm Processing: 
	.1 Any object in system shall be configurable to alarm in and out of normal state. 
	.2 Operator shall be able to configure alarm limits, warning limits, states, and reactions for each object in system. 
	.3 Alarm Reactions: 
	.1 Operator shall be able to determine what actions, if any, are to be taken, by object (or point), during alarm. 
	.2 Actions shall include logging, printing, starting programs, displaying messages, dialing out to remote stations, paging, providing audible annunciation, or displaying specific system graphics. 
	.3 Each of these actions shall be configurable by workstation and time of day. 
	.4 Object in alarm that has not been acknowledged within operator specified time period shall be rerouted to alternate operator specified alarm receipt device. 

	.4 Binary Alarms:  
	.1 Each binary object shall be set to alarm based on operator specified state. 
	.2 Capability to disable alarming when associated equipment is turned off or is being serviced. 

	.5 Analog Alarms: 
	.1 Each analog object shall have both high and low alarm limits and warning limits. 
	.2 Alarming must be able to be automatically and manually disabled. 


	.8 Trend Logs: 
	.1 Operator shall be able to define custom trend log for any data in system. 
	.2 This definition shall include interval, start time, and stop time. Trend intervals of 1, 5, 15, 30, and 60 minutes as well as once a shift (8 hours), once a day, once a week, and once a month shall be selectable. 
	.3 Trends shall start based on the hour. Each trend shall accommodate up to 64 system objects. 
	.4 System operator with proper password shall be able to determine how many samples are stored in each trend. 
	.5 Trend Data: 
	.1 Sampled and stored on building controller panel, and archived on hard disk. 
	.2 Able to be viewed and printed from operator interface software. 
	.3 Storable in tab delimited ASCII format for use by other industry standard word processing and spreadsheet packages. 


	.9 Alarm and Event Log: 
	.1 Operator shall be able to view logged system alarms and events from any location in system. 
	.2 Events shall be listed chronologically. 
	.3 Operator with proper security level may acknowledge and clear alarms. 
	.4 All that have not been cleared by operator shall be archived to hard disk on workstation. 

	.10 Object and Property Status and Control: 
	.1 Provide method for operator with proper password protection to view, and edit if applicable, status of any object and property in system. 
	.2 Statuses shall be available by menu, on graphics, or through custom programs. 

	.11 Clock Synchronization: 
	.1 Real time clocks in building control panels and workstations shall be synchronized on command of operator. 
	.2 System shall also be able to automatically synchronize system clocks daily from any operator designated device in system. 
	.3 System shall automatically adjust for daylight savings and standard time, if applicable. 

	.12 Reports and Logs: 
	.1 Reporting package shall allow operator to select, modify, or create reports. 
	.2 Each report shall be definable as to data content, format, interval, and date. 
	.3 Report data shall be archived on hard disk for historical reporting. 
	.4 Ability for operator to obtain real time logs of designated lists of objects. 
	.5 Reports and logs shall be stored on PC hard disk in format that is readily accessible by other standard software applications, including spreadsheets and word processing. 
	.6 Reports and logs shall be readily printed to system printer. 
	.7 Operator shall be able to designate reports that shall be printed or stored to disk at selectable intervals. 
	.8 Custom Reports: 
	.1 Capable for operator to easily define any system data into daily, weekly, monthly, or annual report. 
	.2 Time and date stamped, and shall contain report title and name of facility. 

	.9 Standard Reports: The following standard system reports shall be provided for this Project. Reports shall be readily customized to this Project by the City. 
	.1 Electrical Meter Report:  
	.1 Monthly report showing daily electrical consumption and peak electrical demand for each building meter. 
	.2 Annual (12 months) summary report showing monthly electrical consumption and peak demand for each meter. 




	.6 Workstation Applications Editor:  
	.1 General: 
	.1 Each PC workstation shall support full screen editing of system applications. 
	.2 Editor for each application at PC workstation. 
	.3 Applications shall be downloaded and executed at appropriate controller panels.  
	.4 Full screen editor for each type controller and application that shall allow operator with proper password to view and change configuration, name, control parameters, and system set points. 

	.2 Scheduling: 
	.1 Editor for scheduling application shall be provided at each workstation. 
	.2 Monthly calendar for each schedule. 
	.3 Exception schedules and holidays shall be shown clearly on calendar. 
	.4 Capable of allowing several related objects to follow a schedule. 
	.5 Advance and delay time for each object shall be adjustable from this master schedule. 
	.6 Operator with proper password level shall be able to modify schedule. 
	.7 Schedules shall be able to be easily copied between objects and/or dates. 

	.3 Equipment Coordination: 
	.1 Full screen editor shall allow equipment to be grouped for proper operation as specified in sequence of operations. 

	.4 Custom Application Programming: 
	.1 Provide tools to create, modify, and debug custom application programming. 
	.2 Operator shall be able to create, edit, and download custom programs at same time that other system applications are operating. 
	.3 System shall be fully operable while custom routines are edited, compiled, and downloaded. 
	.4 Programming language shall have the following features: 
	.1 English language oriented and based on syntax of programming languages such as BASIC. It shall allow for free form or fill in the blank programming. Alternatively, programming language can be graphically based using function blocks as long as blocks are available that directly provide functions listed below, and that custom or compound function blocks can be created. 
	.2 Full screen character editor/programming environment. Editor shall be cursor/mouse driven and allow user to insert, add, modify, and delete code from custom programming. It shall also incorporate word processing features such as cut/paste and find/replace. 
	.3 Allow independently executing program modules to be developed. Each module shall be able to independently enable and disable other modules. 
	.4 Editor/programming environment shall have debugging/simulation capability that allows user to step through program and to observe intermediate values and results. Debugger shall also provide error messages for syntax and execution errors. 
	.5 Support conditional statements (if/then/else/else-if) using compound Boolean (and, or, and not) and/or relations (equal, less than, greater than, not equal) comparisons. 
	.6 Support floating point arithmetic using the following operators: +, -, /, x, square root, and xy. 
	.7 The following mathematical functions shall also be provided: natural log, log, absolute value, and minimum/maximum value from a list of values. 
	.8 Predefined variables that represent clock time, day of week, and date. Variables that provide interval timing shall also be available. Language shall allow for computations using these values. 
	.9 Ability to predefined variables representing status and results of System Software, and shall be able to enable, disable, and change values of BACnet objects in system. 



	.7 Portable Operator’s Terminal: 
	.1 Provide one portable operator’s terminal capable of accessing system data. 
	.2 Ability to connect to any point on system network or directly to any controller for programming, set-up, and troubleshooting. 
	.3 BACnet: 
	.1 Shall use Read (Initiate) and Write (Execute) Services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135, to communicate with BACnet objects in network. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 

	.4 IBM compatible notebook style PC, including software and hardware required. PC shall contain at minimum: 
	.1 1.6 GHz Intel Pentium Processor. 
	.2 256 MB RAM. 
	.3 40 GB Hard Drive. 
	.4 88 mm, 1.44 MB, Floppy Disk Drive. 
	.5 40X CDROM Drive. 



	2.3 Networked DDC Controllers 
	.1 Controller Software: 
	.1 General: 
	.1 Provide applications software for building and energy management. 
	.2 Software applications shall reside and run in system controllers. 
	.3 Editing of applications shall occur at operator workstation. 

	.2 System Security:  
	.1 User access shall be secured using individual security passwords and user names. 
	.2 Passwords shall restrict user to only objects, applications, and system functions as assigned by system manager. 
	.3 User logon/logoff attempts shall be recorded. 
	.4 System shall protect itself from unauthorized use by automatically logging off following last keystroke. Delay time shall be user definable. 

	.3 Scheduling: 
	.1 General: 
	.1 Provide capability to schedule each object or group of objects in system. 
	.2 Each schedule shall include capability for start, stop, optimal start, optimal stop, and night economizer actions. 
	.3 Each schedule may consist of up to ten (10) events. 
	.4 When group of objects are scheduled together, provide capability to define advances and delays for each member. 

	.2 Weekly Schedule: Separate schedules for each day of the week. 
	.3 Exception Schedule:  
	.1 Ability for operator to designate any day of the year as an exception schedule. 
	.2 Shall override standard schedule for that day. 
	.3 May be defined up to a year in advance. 
	.4 Once executed, it will be discarded and replaced by standard schedule for that day of the week. 

	.4 Holiday Schedule:  
	.1 Capability for operator to define up to 99 special or holiday schedules. 
	.2 May be placed on scheduling calendar and repeated each year. 
	.3 Operator shall be able to define length of each holiday period.  

	.5 Optimal Start/Stop: 
	.1 Calculate thermal characteristics of zone and start equipment prior to occupancy to achieve desired space temperature at specified occupancy time. 
	.2 Algorithm shall calculate separate sets of heating and cooling rates for zones that have been unoccupied for less than and greater than twenty four (24) hours. 
	.3 Ability to modify start/stop algorithm based on outdoor air temperature. 
	.4 Early start limit in minutes to prevent system from starting before operator determined time limit.  


	.4 Alarm Reporting: 
	.1 Operator shall be able to determine action to be taken in event of alarm. 
	.2 Alarms shall be routed to appropriate workstations based on time and other conditions. 
	.3 Alarm shall be able to start programs, be logged in event log, printed, display custom messages or graphics. 

	.5 Remote Communications: 
	.1 Ability to dial out in event of alarm. 
	.2 Receivers shall include PC Workstations and alpha numeric pagers. 
	.3 Alarm message shall include name of calling location, device that generated alarm, and alarm message itself. 
	.4 Operator shall be ably to remotely access and operate system using dial up communications in same format and method used on site under paragraph, Operator Interface. 

	.6 Maintenance Management: System shall monitor equipment status and generate maintenance messages based upon user designated run time, starts, and/or calendar date limits. 
	.7 PID Control:  
	.1 Algorithm with direct or reverse action, and anti wind up. 
	.2 Algorithm shall calculate time varying analog value used to position output or stage series of outputs. 
	.3 Controlled variable, set point, and PID gains shall be user selectable. 
	.4 Set point shall optionally be chosen to be reset schedule. 

	.8 Staggered Start: Shall prevent controlled equipment from simultaneously restarting after power outage. Order that equipment (or groups of equipment) is started, along with time delay between starts shall be user selectable. 
	.9 System Calculations: 
	.1 Software to allow instantaneous power (e.g. kW), flow rates in L/s to be accumulated and converted to energy usage data. 
	.2 Algorithm shall calculate the following: 
	.1 Sliding window kW demand value. 
	.2 Energy usage and weather data (heating and cooling degree days). 
	.3 Items shall all be available for daily, previous day, monthly and previous month. 


	.10 Anti Short Cycling: Binary output points shall be protected from short cycling. This feature shall allow minimum on time and off time to be selected.  

	.2 Building Controllers: 
	.1 General: 
	.1 Performance: 
	.1 Provide adequate number of Building Controllers to provide performance specified in Article System Performance and as indicated on Drawings. 
	.2 Manage global strategies described in Article Controller Software. 
	.3 Microprocessor based, capable of stand alone operation, and shall continue to provide control functions without being connected to network. 

	.2 Sufficient memory to support its operating system, database, and programming requirements. 
	.3 Data shall be shared between networked Building Controllers. 
	.4 Operating system of Controller shall manage input and output communications signals to allow distributed controllers to share real and virtual point information and allow central monitoring and alarms. 
	.5 Controllers that perform scheduling shall have real time clock. 
	.6 Continually check status of its processor and memory circuits. If abnormal operation is detected, controller shall: 
	.1 Assume predetermined failure mode. 
	.2 Generate alarm notification. 

	.7 BACnet: 
	.1 Building Controller shall communicate with other BACnet objects on primary network using Read (Execute and Initiate) and Write (Execute and Initiate) Property services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.2 Communications. 
	.1 Each Building Controller shall reside on primary high speed peer to peer BACnet network using the ISO 8802 3 (Ethernet) or ARCNET Data Link/Physical layer protocol. 
	.2 Each Building Controller shall also perform BACnet routing if connected to secondary network of Custom Application and Application Specific Controllers. 
	.3 Building Controller shall provide service communications port for connection to Portable Operators Terminal using point to point BACnet physical/data link layer protocol. 

	.3 Environment: Controller hardware shall be suitable for anticipated ambient conditions. 
	.1 Controller used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosure and shall be rated for operation at minus 40 to 65°C. 
	.2 Controller used in conditioned ambient shall be mounted in dust proof enclosure and shall be rated for operation at 0 to 50°C. 

	.4 Keypad: 
	.1 Local keypad and display shall be provided for each controller. 
	.2 Provided for interrogating and editing data. 
	.3 Optional system security password shall be available to prevent unauthorized use of keypad and display. 
	.4 If the Manufacturer does not provide keypad display, provide portable operator terminal. 

	.5 Serviceability: Provide diagnostic LEDs for power, communications, and processor. Wiring connections shall be made to field removable, modular terminal strips or to termination card connected by ribbon cable. 
	.6 Memory: Building Controller shall maintain BIOS and programming information in event of power loss for at least seventy two (72) hours. 
	.7 Immunity to Power and Noise:  
	.1 Controller shall be able to operate at 90 to 110% of nominal voltage rating and shall perform orderly shutdown below 80% nominal voltage. 
	.2 Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 watts at 1 m (3 ft). 

	.8 Transformer: Power supply for Controller shall be rated at minimum of 125% of maximum power consumption, and shall be fused or current limiting type.  

	.3 Custom Application Controllers:  
	.1 General: 
	.1 Performance: 
	.1 Provide adequate number of Custom Application Controllers to provide performance specified in Article System Performance and as indicated on Drawings. 
	.2 Shall manage local strategies described in Article Controller Software. 
	.3 Microprocessor based, capable of standalone operation, and shall continue to provide control functions without being connected to network. 

	.2 Sufficient memory to support its operating system, database, and programming requirements. 
	.3 Data shall be shared between networked Controllers. 
	.4 Operating system of Controller shall manage input and output communications signals to allow distributed controllers to share real and virtual point information and allow central monitoring and alarms. 
	.5 Controllers that perform scheduling shall have real time clock. 
	.6 Continually check status of its processor and memory circuits. If abnormal operation is detected, Controller shall:  
	.1 Assume predetermined failure mode. 
	.2 Generate alarm notification.  

	.7 BACnet: 
	.1 Controller shall communicate with other BACnet objects on primary network using Read (Execute and Initiate) and Write (Execute and Initiate) Property services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.2 Communications: 
	.1 Each Controller shall reside on secondary BACnet network using MS/TP EIA 485, Data Link/Physical layer protocol. 
	.2 Controller shall provide service communications port for connection to Portable Operator’s Terminal using BACnet Data Link/Physical layer protocol. 

	.3 Environment: Controller hardware shall be suitable for anticipated ambient conditions. 
	.1 Controller used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosure and shall be rated for operation at minus 40 to 65°C. 
	.2 Controller used in conditioned ambient shall be mounted in dust proof enclosure and shall be rated for operation at 0 to 50°C. 

	.4 Keypad: 
	.1 Local keypad and display shall be provided for each controller. 
	.2 Provided for interrogating and editing data. 
	.3 Optional system security password shall be available to prevent unauthorized use of keypad and display. 
	.4 If the Manufacturer does not provide keypad display, provide portable operator terminal. 

	.5 Serviceability: Provide diagnostic LEDs for power, communications, and processor. Wiring connections shall be made to field removable, modular terminal strips or to termination card connected by ribbon cable. 
	.6 Memory: Controller shall maintain BIOS and programming information in event of power loss for at least 72 hours. 
	.7 Immunity to Power and Noise:  
	.1 Controller shall be able to operate at 90 to 110% of nominal voltage rating and shall perform orderly shutdown below 80% nominal voltage.  
	.2 Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 watts at 1 m. 

	.8 Transformer: Power supply for Controller shall be rated at minimum of 125% of maximum power consumption, and shall be fused or current limiting type.  

	.4 Application Specific Controllers: 
	.1 General:  
	.1 Performance: 
	.1 Provide number of Application Specific Controllers to provide performance specified in Article System Performance and as indicated on Drawings. 
	.2 Microprocessor based, capable of standalone operation and shall continue to provide control functions without being connected to network. 

	.2 Contain sufficient I/O capacity to control target system. 
	.3 BACnet: 
	.1 Controller shall communicate with other BACnet objects on primary network using Read (Execute and Initiate) and Write (Execute and Initiate) Property services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.2 Communications. 
	.1 Each Controller shall reside on secondary BACnet network using MS/TP EIA 485, Data Link/Physical layer protocol. 
	.2 Controller shall provide service communications port for connection to Portable Operators Terminal using BACnet Data Link/Physical layer protocol. Connection shall be extended to space temperature sensor where shown. 
	.3 Environment: Controller hardware shall be suitable for anticipated ambient conditions. 
	.4 Controller used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosure and shall be rated for operation at minus 40 to 65°C. 
	.5 Controller used in conditioned ambient shall be mounted in dust proof enclosure and shall be rated for operation at 0 to 50°C. 

	.3 Serviceability: Provide diagnostic LEDs for power, communications, and processor. Wiring connections shall be made to field removable, modular terminal strips or to termination card connected by ribbon cable. 
	.4 Memory: Controller shall use nonvolatile memory and maintain BIOS and programming information in event of power loss. 
	.5 Immunity to Power and Noise:  
	.1 Controller shall be able to operate at 90 to 110% of nominal voltage rating and shall perform orderly shutdown below 80% nominal voltage.  
	.2 Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 watts at 1 m. 

	.6 Transformer: Power supply for Controller shall be rated at minimum of 125% of maximum power consumption and shall be fused or current limiting type. 

	.5 Controller I/O Interface: 
	.1 Hard wired I/O may tie into system through Building, Custom, or Application Specific Controllers. 
	.2 Protected such that shorting of point to itself, another point, or ground will cause no damage to Controller. 
	.3 Protected from voltage up to 24 V of any duration, such that contact with this voltage will cause no damage to Controller. 
	.4 Binary Inputs: 
	.1 Shall allow monitoring of on/off signals from remote devices. 
	.2 Shall provide wetting current of at least 12 mA to be compatible with commonly available control devices. 

	.5 Pulse Accumulation Input Points: Conform to requirements of Binary Input points and accept up to 2 pulses/second for pulse accumulation, and shall be protected against effects of contact bounce and noise. 
	.6 Analog Inputs: 
	.1 Allow monitoring of low voltage (0 to 10 VDC), current (4 to 20 mA), or resistance signals (thermistor, RTD).  
	.2 Compatible with and field configurable to commonly available sensing devices. 

	.7 Binary Outputs: 
	.1 Provide for on/off operation or pulsed low voltage signal for pulse width modulation control. 
	.2 Binary outputs on custom and building controllers shall have three position (on/off/auto) override switches and status lights. 
	.3 Selectable for either normally open or normally closed operation. 

	.8 Analog Outputs: 
	.1 Shall provide a modulating signal for control of end devices. 
	.2 Shall provide either 0 10 VDC or 4 to 20 mA signal as required to provide proper control of output device. 
	.3 Building or custom programmable controllers shall have status lights and two position (auto/manual) switch and manually adjustable potentiometer for manual override. 




	3. EXECUTION 
	3.1 General 
	.1 Refer to Section 15900 – HVAC Instrumentation and Controls - General for requirements. 




	15940.doc
	1. GENERAL 
	.1 The control sequences contain a general description of the intent of the operation of the systems to be controlled.  The Contractor shall review individual systems to ensure equipment and life safety interlocks are not overridden. 
	.2 The relationships between the points, systems and building are described in the control sequences. 
	.3 Review with the Contract Administrator during the Shop Drawing stage to finalise the control sequences for each system. 
	.4 This Section applies only to the Clearwell Inlet Building air-handling unit. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	.1 Provide data base for all hardware points listed for system operation to meet Specification operating sequences. 

	CONTROL SEQUENCES 
	4.1 Air Handling Units (AHU-H242A) 
	.1 The AHU is a constant volume unit running continuously. 
	.2 System Start/Stop 
	.1 The air handling unit will normally be energized and de-energized via a stand-alone control unit.  The fan shall stop if the freeze-stat indicates a low temperature condition in the AHU. 

	.3 Minimum Outdoor Damper Position 
	The minimum outdoor damper position shall be fixed at 10% and shall modulate open in response to mixed air temperature.   
	.2 Upon supply fan being energized, the outdoor air damper opens to minimum position.  A separate analogue output is provided from stand-alone control unit to set the position of the minimum outdoor air damper. 

	.4 Mix Air Control: 
	.1 Mix air dampers position shall be modulated to maintain mix air temperature at setpoint during free-cooling mode. 
	.2 Mix air dampers shall revert to a minimum outside air position (10%) and maximum return air positon (90%) as calculated via the stand-alone control unit during all other modes. 

	.5 Freeze-Stats 
	.1 Provide averaging type freeze-stat in each AHU at location indicated.  Upon sensing a low temperature, the supply fan shall stop, and all outdoor and exhaust air dampers shall close.  The freeze stat must be reset manually. 
	.2 During a cold start-up of the AHU the freeze-stat shall be bypassed for three (3) minutes to allow the AHU to warm-up. 

	.6 Heating Mode: When the space temperature drops below setpoint 16°C (61°F) the stand-alone control unit shall energize and modulate, via the SCR, the air handling unit electric heating coil.  When the space temperature is satisfied the stand-alone control unit shall de energize the air handling unit electric heating coil. 
	.7 Free-cooling Mode: When the outside air temperature permits the air handling unit shall operate on free-cooling mode.  The stand-alone control unit shall modulate the outside air and return air damper to maintain a discharge temperature of 13°C (55°F).  Free-cooling shall not be energized until the space temperature reaches 22°C (72°F). 
	.8 Summer/Winter Change Over: 
	.1 Summer/winter changeover shall be implemented by the AHU stand-alone control unit. 
	.2 When the outside air temperature is above 13°C (55°F) the system shall be in summer mode. 
	.3 When the outside air temperature is below 10°C (50°F) the system shall be in winter mode. 

	.9 Infrared Radiant Heater Control: 
	.1 The stand-alone control unit shall turn on the two Infrared Radiant Heaters IRH-1 and IRH-2, when the outdoor air temperature is between -5°C and 5°C. 
	.2 The Infrared Radiant Heaters shall be off at all other temperatures. 
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	1. GENERAL 
	1.1 Related Documents 
	.1 All Division 15 Specification Sections, Drawings, and General Provisions of the Contract apply to Work of this Section, as do other documents referred to in this Section. 

	1.2 Scope of Work 
	.1 The Contractor will contract with and independent testing, adjusting, and balancing (TAB) Subcontractor to test, adjust, and balance the HVAC systems. 
	.2 The Work included in this Section consists of furnishing labour, instruments, and tools required in testing, adjusting and balancing the HVAC systems, as described in these specifications or shown on accompanying Drawings. Services shall include checking equipment performance, taking the specified measurements, and recording and reporting the results. 
	.3 The items requiring testing, adjusting, and balancing include the following: 
	.1 Air Systems: 
	.1 Supply Fan AHUs 
	.2 Exhaust Fans 
	.3 Diffusers, Registers and Grilles 



	1.3 Definitions, References, Standards 
	.1 AABC: the Associated Air Balance Council is a non-profit association of independent, certified agencies specializing in testing, adjusting, and balancing HVAC systems.  The AABC National Standards, provides standards and operational criteria for HVAC systems. 
	.2 All Work shall be in accordance with the latest edition of the AABC National Standards.  If these contract documents set forth more stringent requirements than the AABC National Standards, these contract documents shall prevail. 

	1.4 Qualifications 
	.1 Agency Qualifications: the TAB Agency shall be a current member of the AABC. 

	1.5 Submittals 
	.1 Qualifications: the TAB agency shall submit a company resume listing personnel and project experience in air and hydronic system balancing and a copy of the agency's test and balance engineer certificate. 
	.2 Procedures and Agenda: the TAB agency shall submit the TAB procedures and agenda proposed to be used. 
	.3 Sample Forms: the TAB agency shall submit sample forms, which shall include the minimum data required by the AABC National Standards. 

	1.6 Testing Adjusting and Balancing Preparation and Coordination 
	.1 Shop Drawings, submittal data, up-to-date revisions, change orders, and other data required for planning, preparation, and execution of the TAB work shall be provided to the TAB agency no later than thirty (30) days prior to the start of TAB work. 
	.2 System installation and equipment start up shall be complete prior to the TAB agency's being notified to begin. 
	.3 The building control system shall be complete and operational.  The Contractor shall install all necessary computers and computer programs, and make these operational.  Assistance shall be provided as required for reprogramming, coordination, and problem resolution. 
	.4 All test points, balancing devices, identification tags, etc., shall be accessible and clear of insulation and other obstructions that would impede TAB procedures. 
	.5 Qualified installation or start up personnel shall be readily available for the operation and adjustment of the systems.  Assistance shall be provided as required for coordination and problem resolution. 

	1.7 Reports 
	.1 Final TAB Report: the TAB agency shall submit the final TAB report for review by the Contract Administrator.  All outlets, devices, HVAC equipment, etc., shall be identified, along with a numbering system corresponding to report unit identification. The TAB agency shall submit an AABC "National Project Performance Guaranty" assuring that the project systems were tested, adjusted and balanced in accordance with the project specifications and AABC National Standards. 
	.2 Submit six (6) copies of the Final TAB Report. 

	1.8 Deficiencies 
	.1 Any deficiencies in the installation or performance of a system or component observed by the TAB agency shall be brought to the attention of the appropriate responsible person. 
	.2 The Work necessary to correct items on the deficiency listing shall be performed and verified by the Contractor before the TAB agency returns to retest.  Unresolved deficiencies shall be noted in the final report. 

	2. INSTRUMENTATION 
	.1 All instruments used for measurements shall be accurate and calibrated.  Calibration and maintenance of all instruments shall be in accordance with the requirements of AABC National Standards. 

	3. EXECUTION 
	3.1 General 
	.1 The specified systems shall be reviewed and inspected for conformance to design documents.  Testing, adjusting and balancing on each identified system shall be performed. The accuracy of measurements shall be in accordance with AABC National Standards. 
	.2 Adjustment tolerances shall be plus or minus 10% unless otherwise stated. 
	.3 Equipment settings, including manual damper quadrant positions, manual valve indicators, fan speed control levers, and similar controls and devices shall be marked to show final settings. 
	.4 All information necessary to complete a proper TAB project and report shall be per AABC standards unless otherwise noted.  The descriptions for Work required, as listed in this Section, are a guide to the minimum information needed. 

	3.2 Air Systems 
	.1 The TAB agency shall verify that all ductwork, dampers, grilles, registers, and diffusers have been installed per design and set in the full open position.  The TAB agency shall perform the following: 
	.1 TAB procedures in accordance with the AABC National Standards: 
	.1 For supply fans: 
	.1 Fan speeds: test and adjust fan rpm to achieve maximum or design air flow rate. 
	.2 Current and voltage: test and record motor voltage and amperage, and compare data with the nameplate limits to ensure fan motor is not in or above the service factor. 
	.3 Pitot-tube traverse: perform a pitot-tube traverse of main supply and return ducts, as applicable to obtain total air flow rate. 
	.4 Outside air: test and adjust the outside air on applicable equipment using a pitot-tube traverse. 
	.5 If a traverse is not practical use the mixed-air temperature method if the inside and outside temperature difference is at least 11(C (20(F) or use the difference between pitot-tube traverses of the supply and return air ducts. 
	.6 Static pressure: test and record system static profile of each supply fan. 

	.2 For exhaust fans: 
	.1 Fan speeds: test and adjust fan rpm to achieve maximum or design air flow rate. 
	.2 Current and voltage: test and record motor voltage and amperage, and compare data with the nameplate limits to ensure motor is not in or above the service factor. 
	.3 Pitot-tube traverse: perform a pitot-tube traverse of main exhaust ducts to obtain total air flow rate. 
	.4 Static pressure: test and record system static profile of each exhaust fan. 

	.3 For zone, branch and main ducts: 
	.1 Adjust ducts to within design air flow rate requirements. As applicable, at least one zone balancing damper shall be completely open. Multi-diffuser branch ducts shall have at least one outlet or inlet volume damper completely open. 

	.4 For diffusers, registers and grilles: 
	.1 Tolerances: test, adjust, and balance each diffuser, grille, and register to within 10% of design requirements.  Minimize drafts. 
	.2 Identification: identify the type, location, and size of each grille, diffuser, and register.  This information shall be recorded on air outlet data sheets. 

	.5 For coils: 
	.1 Air temperature: once air flows are set to acceptable limits, take wet bulb and dry bulb air temperatures on the entering and leaving side of each cooling coil.  Dry-bulb temperature shall be taken on the entering and leaving side of each heating coil. 




	3.3 Additional TAB Services 
	.1 Preconstruction Plan Check and Review: 
	.1 The TAB agency shall review the project documents and contractor submittals for their effect on the TAB process and overall performance of the HVAC system.  It shall submit recommendations for enhancements or changes to the system within thirty (30) days of document review. 

	.2 Jobsite Inspections: 
	.1 During construction, the TAB agency shall inspect the installation of pipe systems, sheet metal work, temperature controls, and other component parts of the HVAC systems.  Inspections shall be conducted a minimum of two times.  (Typically, these are performed when 60% of the total system is installed and again when 90% of the total system is installed, prior to insulation of the duct and piping).  The TAB agency shall submit a written report of each inspection. 

	.3 Verification of HVAC Controls: 
	.1 The TAB agency shall be assisted by the building control systems contractor in verifying the operation and calibration of all HVAC and temperature control systems. The following tests shall be conducted: 
	.1 Verify that all control components are installed in accordance with project requirements and are functional, including all electrical interlocks, damper sequences, air and water resets, fire and freeze stats, and other safety devices. 
	.2 Verify that all controlling instruments are calibrated and set for design operating conditions. 


	.4 Temperature Testing: 
	.1 To verify system control and operation, a series of three temperature tests shall be taken at approximately two (2) hour intervals in each separately controlled zone.  The resulting temperatures shall not vary more than 1(C (2(F) from the thermostat or control set point during the tests.  Outside temperature and humidity shall also be recorded during the testing periods. 

	.5 TAB Report Verification: 
	.1 At the time of final review, the TAB agency may be required to recheck, in the presence of the Contract Administrator, specific or random selections of data recorded in the certified report.  Points and areas for recheck shall be selected by the Contract Administrator.  Measurements and test procedures shall be the same as approved for the initial work for the certified report.  Selections for recheck, specific plus random, will not exceed 10% of the total number tabulated in the report. 

	.6 Building/Zone Pressurization: 
	.1 The TAB agency shall test and adjust building/zone pressurization by setting the design flows to meet the required flow direction and pressure differential.  For positive pressure areas, it shall set the supply air to design flow, and gradually reduce the exhaust air rate to obtain the required flow or pressure difference.  For negative pressure areas, it shall set the supply air to design flow, and gradually increase the exhaust air rate to obtain the required flow or pressure difference. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and installation of monorail and hoist systems 
	.2 Testing and start-up reports 

	1.2 Design Criteria 
	.1 Monorail system shall be designed in conformance to the NBC. 
	.2 Steel components shall conform to Section 05120 – Structural Steel. 
	.3 Monorail system shall be designed for safe service live loading of 8.9 kN (900 kg) plus impact. 
	.4 Design supports systems and monorail beams including all hangers, bracing, plates, bolts, nuts, washers, shims, etc. 

	1.3 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Indicate size and description of all components, materials, attachment devices, finish and construction details, maximum lift height, and safe loading. 
	.3 Shop Drawings and design briefs shall be signed and sealed by a Professional Engineer registered in the Province of Manitoba. 

	1.4 Maintenance Data 
	.1 Provide maintenance data for hardware complete with pertinent details, spare parts lists, and warnings against harmful maintenance materials and practices for incorporation into maintenance manual. 

	1.5 Extended Warranty 
	.1 Contractor hereby warrants that the monorail and hoist system will remain operative in accordance with General Conditions, but for five (5) years. 

	2. PRODUCTS 
	2.1 Monorail Systems 
	.1 All material shall be suited for a high humidity environment 
	.2 Monorail and bracing: steel conforming to Section 05120 - Structural Steel with finishes to Section 09900 – Finish Painting. 
	.3 Trolley and hoists: manual operation, factory applied high quality finishes for indoor use; factory colours. 
	.4 Chains: stainless steel type 316. 
	.5 Fasteners: stainless steel type 316. 
	.6 Maximum lift height: from Clearwell floor elevation to 4 m above Inlet Building finished floor elevation (approximately total 12.1 m lift). 
	.7 Provide and install a decal for each side of monorail reading, “MAXIMUM LOAD 900 kg”, in black letters minimum 100 mm in height. 


	3. EXECUTION 
	3.1 Transportation and Storage 
	.1 Transport and store hoist and trolley equipment as required by the Manufacturer. 

	3.2 Installation 
	.1 Install monorail, trolley, and hoist in accordance with Drawings and Manufacturer’s instructions. 
	.2 Touch up any damaged finishes. 
	.3 Ensure operation is smooth and lifting capacity and lift height are as specified. 
	.4 Test system to 150% of design load.  Submit testing and start-up report. 

	3.3 Damaged Members 
	.1 Repair or replace members damaged during transit or erection, before securing in position. 
	.2 Upon completion, touch up and restore damaged or defaced factory finished surfaces to new condition. 
	.3 Touch up shop primer bolts, welds, and burned or scratched surfaces at completion of installation. 
	.4 Remove protective coverings and clean exposed surfaces after completion.  Leave equipment and appurtenances in a first class condition. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Design exterior frame assembly to accommodate to expansion and contraction when subjected to minimum and maximum surface temperature of  35°C to 35°C. 
	.2 Install work to CSDFMA Installation Guide. 

	1.2 Quality Assurance 
	.1 Fabrication:  Comply with requirements of CSDFMA. 
	.2 Source Limitations:  Obtain doors and frames through one source from a single manufacturer. 

	1.3 Requirements of Regulatory Agencies 
	.1 Fire Rated Assemblies:  Labelled and listed by a nationally recognized testing agency having factory inspection service in conformance with CAN4 S104M and CAN4 S105M for fire protection ratings indicated. 
	.2 Install labelled steel fire rated doors and frames to NFPA 80 except where specified otherwise. 

	1.4 Submittals 
	.1 Shop Drawings:  Indicate each type of door and frame, material, steel core thicknesses, mortises, reinforcements, location of exposed fasteners, openings, arrangement of hardware and fire rating. 

	1.5 Delivery, Storage, and Handling 
	.1 Brace and protect doors and frames to prevent distortion during shipment.  Store in a secure dry location. 
	.2 Store doors vertically, resting on planks, with blocking between to allow air to circulate. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Metallic Coated Sheet Steel:  ASTM A568M Class 1 Commercial grade steel, hot dip galvanized to ASTM A 653/A653M ZF75/A25 zinc coated (Galvanized) or ZF180/A40 zinc-iron alloy-coated (Galvannealed). 
	.2 Minimum Core Thickness, Without Coating:  Metallic Coated Sheet Steel: 
	.1 Interior Door and Sidelight Frames:  1.519 mm (0.060”). 
	.2 Exterior Door and Sidelight Frames:  2.0 mm (0.078”). 
	.3 Doors and Panels, Hollow Steel Construction 
	.1 Face Sheets:  1.519 mm (0.060”). 
	.2 Vertical Stiffeners, 0.912 mm (0.036”). 

	.4 Doors and Panels, Honeycomb Core Construction: 
	.1 Face Sheets, 1.2 mm (0.047”). 

	.5 Lock and Strike Reinforcements:  2.66 mm (0.1”). 
	.6 Hinge and Pivot Reinforcements:  3.416 mm (0.134”) thick by 38 mm (1 1/2”) wide by 150 mm (6”) longer than hinge and pivot, secured by not less than 6 spot welds. 
	.7 Closer or Holder Reinforcements:  2.66 mm (0.1”). 
	.8 Top and Bottom End Channels and Caps:  1.6 mm (0.060”). 
	.9 Mortar Guard Boxes:  0.759 mm (0.03”). 
	.10 Glass Stops:  0.912 mm (0.036”). 
	.11 Floor Anchors:  1.6 mm (0.060”). 
	.12 Jamb Spreaders:  0.912 mm (0.036”). 
	.13 Frame Anchors: 
	.1 Masonry T strap Type:  1.214 mm (0.048”). 
	.2 Existing Masonry/Concrete Wall Type:  0.912 mm (0.036”). 
	.3 Masonry Wire Type:  4.0 mm (.16”) diameter. 
	.4 Masonry Stirrup-strap Type:  50 mm x 250 mm x 1.6 mm (2” x 10” x 0.060”). 


	.3 Insulation:  One component, low pressure expanding polyurethane foam, non-solvenated, maximum flame spread of 25 tested to ULC S102. 
	.4 Adhesives for Steel Components:  Heat resistant, spray grade, resin reinforced neoprene/rubber (polychloroprene) based, low viscosity, contact cement. 
	.5 Touch Up Primer:  CAN/CGSB 1.181, Zinc rich primer. 
	.6 Door Silencers:  Single stud rubber or neoprene. 
	.7 Filler:  Metallic paste, manufacturer's standard. 
	.8 Thermal Break:  Rigid polyvinylchloride extrusion. 

	2.2 Fabrication - General 
	.1 Fabricate work in accordance with CSDFMA specifications. 
	.2 Blank, reinforce, drill and tap units for mortised, templated hardware, and electronic hardware using templates provided by the hardware suppliers. Reinforce units for surface mounted hardware. 
	.3 Do welding to CSA W59. 
	.4 Apply, at factory, touch up primer to doors and frames manufactured from metallic coated steel where coating has been removed during fabrication. 
	.5 Make provisions in doors and frames to suit requirements of Section providing security devices. 
	.6 Fabricate fire rated assemblies to ULC requirements and bearing ULC, cUL or Warnock-Hersey International Ltd., label, as acceptable to authorities having jurisdiction. 
	.7 Locate fire rating labels on the inside of the frame hinge jamb and door hinge edge midway between the top hinge and the head of the door. 

	2.3 Fabrication – Frames 
	.1 Fabricate frames to profiles and maximum face sizes as required to suit design, welded construction.   
	.2 Cut mitres and joints accurately and weld continuously on inside of frame profile. 
	.3 Grind welded corners and joints to flat plane, fill with metallic paste filler and sand to uniform smooth finish. 
	.4 Protect mortised cutouts with mortar guard boxes in masonry and concrete constructions.  Conceal fastenings except where exposed fastenings are required.  Provide appropriate anchorage to floor and wall construction.. 
	.5 Provide jamb anchors for fixing at floor. 
	.6 Provide three door silencers on strike jamb for each single door, and two bumpers at head of frame for each door leaf in double doors. 
	.7 Fabricate thermally broken frames for exterior doors using steel core, separating exterior portion of frame from interior portion with polyvinyl chloride thermal breaks. 

	2.4 Fabrication - Doors 
	.1 Fabricate doors with longitudinal edges seamless, spot welded, filled and sanded flush. 
	.2 Hollow Steel Construction:  Form each door face from sheet steel.  Reinforce doors with vertical stiffeners, securely welded or laminated to each face sheet at 150 mm (6”) on centre maximum.  Fill voids between stiffeners of exterior doors with insulation. 
	.3 Fabricate doors with top and bottom steel channels full width of door and welded to both faces.  Provide flush steel top edge on exterior doors. 

	2.5 Fabrication – Glazing Stops 
	.1 Fixed Glazing Stops:  Formed integral with door faces and frames, minimum 16 mm (5/8”) high, unless otherwise indicated. 
	.1 Locate fixed stops on outside of exterior and on secure side of interior doors and frames. 

	.2 Loose Glazing Stops:  Minimum 0.8 mm (0.032”) thick, formed channel, fabricated from same material as frames in which they are installed.  Minimum 16 mm (5/8”) high unless otherwise indicated. 
	.1 Locate loose stops on inside of doors and frames. 

	.3 Form corners of stops with butted or mitered hairline joints. 
	.4 Coordinate rabbet width between fixed and loose stops with type of glazing and type of installation indicated. 
	.5 Fasteners:  Vandal resistant, countersunk flat or oval head machine screws spaced uniformly not more than 225 mm (9”) o.c., and not more than 50 mm (2”) from each corner. 


	3. EXECUTION 
	3.1 Installation - General 
	.1 Install fire rated assemblies in accordance with NFPA 80. 
	.2 Touch up with primer galvanized finish damaged during installation. 

	3.2 Installation - Frames 
	.1 Set frames plumb, square, level and at correct elevation. 
	.2 Provide suitable anchors to suit construction.  Use one base anchor and two wall anchors per jamb side for frames up to 1500 mm (60") and one additional wall anchor per jamb side for each additional height of 750 mm (30") or fraction thereof. 
	.3 Secure anchorages and connections to adjacent construction. 
	.4 Brace frames rigidly in position while building in.  Install temporary horizontal wood spreader at third points of door opening to maintain frame width.  Remove temporary spreaders after frames are built in. 
	.5 Make allowances for deflection of structure to ensure structural loads are not transmitted to frames. 
	.6 Apply insulation to fill voids in exterior frame assemblies. 

	3.3 Installation - Doors 
	.1 Provide even margins between doors and jambs and doors and finished floor and thresholds as follows: 
	.1 Hinge side: 3 mm (1/8"). 
	.2 Latchside and head: 3 mm (1/8"). 
	.3 Finished floor for non-rated assemblies:  12 mm (1/2"), unless otherwise indicated. 
	.4 Finished floor for rated assemblies:  To NFPA 80 requirements. 

	.2 Adjust operable parts for correct function. 

	3.4 Cleaning 
	.1 Clean and make good all surfaces soiled or otherwise damaged in connection with work.  Upon completion of work and remove debris, equipment and excess material from site. 
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	1. GENERAL 
	1.1 Submittals 
	.1 Shop Drawings:  Indicate each type of floor hatches, arrangement of hardware, operating mechanism, and required clearances. 
	.2 Maintenance Data:  Provide operation and maintenance data for incorporation into Project Record Manual. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Aluminium Plates:  6061-T6 alloy, anodizing quality. 
	.2 Aluminium Extrusions:  6063 alloy, T5 temper, anodizing quality. 
	.3 Fasteners:  Manufacturer’s standard to suit intended use, non-corrosive and compatible with in-contact metals. 
	.4 Grout:  Non shrink, non metallic, flowable, 24h, 15 MPa (2100 psi), pull out strength 7.9 MPa (1150 psi). 

	2.2 Floor Hatches 
	.1 Type:  Flush mount, capable to support 1464 kg/m2 (300 psf) live load, drainable,Type J-AL by The Bilco Company. 
	.2 Cover and Frame:  Mill finished, diamond pattern reinforced aluminium cover plate, 6 mm (1/4”) thick exclusive of raised pattern, and 6 mm (1/4”) extruded aluminium channel frame with bend down anchor tabs and continuous EPDM perimeter gasket. 
	.3 Lifting Mechanisms:  Compression spring operators, enclosed in telescopic nylon reinforced composite tubes, controlling cover operation throughout the entire arc of cover upward motion and acting as a check in retarding cover downward motion when closing. 
	.4 Turn and Lift Handle:  Removable exterior turn/lift handle with a spring loaded ball detent and protected by a flush, gasketted, removable screw plug. 
	.5 Hinges:  Heavy forged aluminium pivot hinges, each having a minimum 6.3 mm (1/4”) diameter Type 316 stainless steel pin, maintain cover does not protrude into the channel frame. 
	.6 Hold Open Arm:  Equip cover with a hold open arm which automatically locks the cover in the open position. 
	.7 Locks:  Type 316 stainless steel snap lock, manufacturer’s standard. 


	3. EXECUTION 
	3.1 Examination 
	.1 Verify dimensions and conditions of previously installed work, upon which this Section depends, and coordinate repairs, alterations, and rectification if necessary. 
	.2 Obtain Contract Administrator’s written approval prior to field cutting or altering of structural members. 

	3.2 Installation 
	.1 Install work level, true, square, straight, and accurate to sizes detailed, free from distortion or defects detrimental to appearance or performance. 
	.2 Perform drilling of concrete as required to fasten work of this Section. 
	.3 Grout work in concrete with non-shrink grout.  Trowel surface smooth and flush with adjacent surfaces. 
	.4 Insulate metals where necessary to prevent corrosion due to contact between dissimilar metals and between metals and concrete.  Use bituminous paint, butyl tape, building paper or other approved means. 
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	1. GENERAL 
	1.1 Submittals 
	.1 Shop Drawings:  Indicate each type of coiling doors, arrangement of hardware, operating mechanism and required clearances. 
	.2 Maintenance Data:  Provide operation and maintenance data for coiling doors for incorporation into Project Record Manual. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Galvanized Steel Sheet:  Commercial quality to ASTM A653, Z275 coating designation. 
	.2 Steel Shapes, Plates, and Similar Items:  CAN/CSA-G40.20-G40.21-M, Grade 350W, hot dipped galvanized to CSA G164. 
	.3 Zinc Primer:  Zinc rich, ready mix to CGSB 1 GP 181M. 
	.4 Insulation:  Manufacturer's standard rigid cellular polystyrene or polyurethane-foam-type thermal insulation complying with maximum flame-spread and smoke-developed indexes of 75 and 450, respectively, in accordance with CAN/ULC S102. 
	.5 Weatherseals:  Provide replaceable, adjustable, continuous, compressible weather-stripping gaskets of flexible vinyl, rubber, or neoprene fitted to jambs, bottom and top of exterior doors.  At door head, use 3 mm (1/8”) thick, replaceable, continuous sheet secured to inside of hood. 
	.1 Motor Operated Doors:  Combination bottom weatherseal and sensor edge. 


	2.2 Fabrication 
	.1 Fabricate fire rated rolling metal coiling doors to NFPA 80. 
	.2 Door Curtains:  Fabricate overhead coiling door curtain of interlocking galvanized sheet steel slats in baked finish, designed to withstand wind loading indicated, in a continuous length for width of door without splices.  Unless otherwise indicated, provide slats of thickness and mechanical properties recommended by door manufacturer for performance, size, and type of door indicated.  Provide insulated doors as indicated. 
	.1 Insulated Doors:  Fill slat cavity with thermal insulation, enclose insulation completely within metal slat faces. 

	.3 Curtain Jamb Guides:  Steel angles or channels and angles, with sufficient depth and strength to retain curtain, to allow curtain to operate smoothly, and to withstand loading.  Build up units with not less than 5 mm (3/16”) thick galvanized steel.  Slot bolt holes for guide adjustment. 
	.1 Provide removable stops on guides to prevent overtravel of curtain, and a continuous bar for holding windlocks. 

	.4 Construct counterbalance assembly consisting of torsion spring with 25% overload factor. Enclose spring in steel pipe to support door curtain and counterbalance mechanism with maximum deflection of 1/360th of opening width.  Provide ball bearings at rotating points.  Provide spring tension adjusting wheel, accessible for setting. 
	.1 Support counterbalance assembly on 5 mm minimum thickness steel plate brackets, forming end enclosures. 

	.5 Hood:  Same material as doors, form to act as weatherseal and entirely enclose coiled curtain and operating mechanism at opening head.  Contour to fit end brackets to which hood is attached.  Roll and reinforce top and bottom edges for stiffness.  Provide closed ends for surface-mounted hoods and provide fascia for any portion of between jamb mounting projecting beyond wall face.  Provide intermediate support brackets as required to prevent sagging. 
	.1 Include automatic drop baffle to guard against passage of smoke or flame. 

	.6 Endlocks and Windlocks:  Malleable-iron casings galvanized after fabrication, secured to curtain slats with galvanized rivets or high-strength nylon.  Provide locks on not less than alternate curtain slats for curtain alignment and resistance against lateral movement. 
	.7 Bottom Bars:  Consisting of 2 angles, each not less than 38 mm x 38 mm x 3 mm (1 1/2” x 1 1/2” x 1/8”), galvanized, stainless-steel, or aluminium extrusions to suit type of curtain slats. 
	.8 Equip doors for locking from inside with cylinder locks compatible with masterkeyed cylinder specified in Division 8 Section Finish Hardware. 

	2.3 Electric Door Operators 
	.1 General:  Electric door operator assembly of size and capacity recommended and provided by door manufacturer, with electric motor and factory-prewired motor controls, starter, gear-reduction unit, solenoid-operated brake, clutch, remote-control stations, control devices, integral gearing for locking door, and accessories required for proper operation. 
	.2 Electric Motors:  High starting torque, reversible, continuous-duty, worm gear, heavy duty industrial type, bracket mounted, Class A insulated, with overload protection; sized to start, accelerate, and operate door in either direction from any position, at not less than 0.2 m/s (2/3 f/s) and not more than 0.3 m/s (1 f/s). 
	.1 Coordinate wiring requirements and electrical characteristics of motors with building electrical system. 

	.3 Back Up Manual Operation:  Chain hoist equipped with a disconnect device which allows the operator to be disengaged from the door and operate the door manually from the floor by hand in the event of a power failure without having to remove the drive roller chain. 
	.4 Brake:  Solenoid disc brake to prevent door from coasting and secure stopping and locking of door in any position. 
	.5 Control Station:  3-button control, momentary contact type, open-close-stop, mounted on wall adjacent to door in location where directed by Contract Administrator. 
	.6 Sensor Edge:  Provide each motorized door with an automatic safety sensor edge, located within astragal or weather stripping mounted to bottom bar.  Contact with sensor immediately stops and reverses downward door travel.  Connect to control circuit using Manufacturer's standard take-up reel or self-coiling cable. 
	.1 Provide pneumatically actuated automatic bottom bar. 

	.7 Limit Switches:  Adjustable switches, interlocked with motor controls and set to automatically stop door at fully opened and fully closed positions. 

	2.4 Steel and Galvanized Steel Finishes 
	.1 Baked Finish:  Manufacturer's standard baked finish consisting of primer and topcoat in accordance with coating manufacturer's written instructions for cleaning, pretreatment, application, thermosetting, and minimum dry film thickness. 


	3. EXECUTION 
	3.1 Electrical Co-Ordination 
	.1 The disconnect switch/junction box and power to the disconnect switch/junction box shall be supplied and installed under Electrical Divisions.  Wiring and connection at and from the disconnect switch/junction box to motors, starters, switches, controls, safety devices and other items requiring power from the disconnect switch/junction box shall be the responsibility of this Section. 
	.2 Employ licensed electrician to wire and interconnect all operational and safety components for the Work.  Terminate wiring required for connection to control circuitry and power in NEMA enclosures.  Ground all control wiring. 
	.3 Do wiring in strict conformity with the Electrical Code and Electrical Divisions requirements. 
	.4 Use CSA approved, tested and labelled materials and electrical components for intended use. 

	3.2 Installation 
	.1 Install work in accordance with Manufacturers' printed instructions. 
	.2 Adjust operable parts for correct function and smooth operation. 
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	1. GENERAL 
	1.1 System Description 
	.1 Performance Criteria:  Windows shall meet following CAN/CSA A440-M window classification ratings provided, however, thickness of extruded aluminium components shall not be less than 1.6 mm (0.062"). 
	.1 Air Tightness:  Fixed. 
	.2 Water Tightness:  B3. 
	.3 Wind Load Resistance:  C5. 


	1.2 Quality Assurance 
	.1 Installer:  Trained and approved by the Manufacturer and having a minimum three (3) years experience in the installation of the work described in this Section and can show evidence of satisfactory completion of projects of similar size, scope and type. If requested, provide letter of certification from manufacturer stating that installer is certified applicator of its products, and is familiar with proper procedures and installation requirements required by the Manufacturer. 
	.2 Pre-Installation Meeting:  Ten (10) business days prior to commencing work of this Section, arrange for manufacturer's technical representative to visit the site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.3 Manufacturer’s Site Inspection:  Have the Manufacturer’s technical representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the Work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 

	1.3 Submittals 
	.1 Shop Drawings:  Include plans, elevations, sections, details, hardware, attachments to other work, and the following: 
	.1 Joinery details. 
	.2 Expansion provisions. 
	.3 Flashing and drainage details. 
	.4 Thermal-break details. 
	.5 Glazing details. 

	.2 Maintenance Data and Operating Instructions:  On completion of work, supply three (3) copies of maintenance and glazing instructions for insertion in maintenance manual. 

	1.4 Delivery, Storage, and Handling 
	.1 Store in a dry, protected area On-Site, in original undamaged containers with Manufacturer's labels and seals intact. 
	.2 Store glazing units in dry and cool locations.  Maintain air circulation between glazing units. 
	.3 Factory apply strippable coating or protective wrappings on exposed surfaces of aluminium.  Do not remove protection until completion of building. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Window Type:  Fixed windows, thermally brokened, 5500 ISOWEB by Kawneer or 900E by Alumicor. 
	.2 Aluminium Association Alloy AA6063-T5 for extruded shapes, commercial quality AA1100-H14 aluminium sheet for formed shapes. 
	.3 Flashing:  Aluminium, finished to match window framing, minimum 24 gauge. 
	.4 Bolts, Screws, Anchors And Fasteners:  Stainless steel or aluminium for aluminium connections; cadmium plated steel may be used at interior side of air/vapour barriers; galvanized steel elsewhere. 
	.5 Slip Washers:  Teflon coated steel or aluminium washers. 
	.6 Insulation:  One component, low pressure expanding polyurethane foam, non-solvenated, maximum flame spread of 25 tested to ULC S102. 
	.7 Isolation Coating:  CAN/CGSB-1.108-M, acid and alkali resistant. 

	2.2 Sealants 
	.1 Joint Primer, Surface Conditioners and Cleaning Agents:  As recommended by respective glazing and sealant compound manufacturer. 
	.2 Joint Backing Material:  Polyethylene foam rope, closed cell type, out-sized minimum 50% larger than joint width and compatible with joint sealant. 
	.3 Sealant:  Non-bleeding, non-migrating, non-sagging, capable of supporting their own weight, standard colour. 
	.1 Sealant Between Aluminium Framing and Adjacent Structures:  CAN/CGSB-19.24-M, Type 2, Class B, multi-component, urethane based. 
	.2 Sealant for Heel Beads:  CAN/CGSB-19.13 M, Class MCG-2-25-A-N, one component, silicone base. 


	2.3 FABRICATION – Window Frames 
	.1 Form work true to detail, free from defects impairing appearance, strength and durability. 
	.2 Fabricate aluminium windows with an integral, concealed, low-conductance thermal barrier; located between exterior materials and window members exposed on interior side; in a manner that eliminates direct metal-to-metal contact. 
	.3 Apply sealant to joints within window units and components, including junction of frames to provide air/vapour and watertight joints.  Do such sealant application in a concealed manner. 
	.4 Provide punched louvres or holes through exterior glazing flange for venting and drainage. 
	.5 Design mullions and framing members to accommodate glazing units. 
	.6 Design, fabricate and install brackets and anchorage devices attached to warm side of thermal break.  Make allowance for unevenness and dimensional difference in structure, expansion and contraction of framing members without creating undesirable stresses in components to adequately sustain windows, movements in structure, and superimposed wind and rain loads. 
	.7 Form continuous sills, stools and flashings with intermediate clips, anchor devices and reinforcement in shop and as far as practical assemble units in shop.  Supply filler and closure pieces as required.  Fill corners and other open areas within construction with insulation. 
	.8 Ensure corners of formed work are mitred and closely fitted.  Apply back-up sealants designed for this purpose, on inside of joints in aluminum work by this trade.  Provide drainage towards exterior at bottom of glazing rebates. 
	.9 Deburr and make smooth sharp milled edges and corners of sash frames. 
	.10 Construct and erect windows free of exposed fasteners.  If unavoidable, ensure fasteners are tamper proof. 
	.11 Apply two (2) shop coats of rust inhibiting primer to steel components.  Take other necessary measures to prevent future deterioration due to corrosion and electrolysis during fabrication. 

	2.4 Aluminium Finishes 
	.1 Prefinish exposed to view aluminium surfaces.  Ensure aluminium finish is free from blemishes or scratches and uniform in colour and sheen.  Pretreat aluminium and apply primer and finish coats in accordance with manufacturer's instructions. 
	.1 High Performance Fluoropolymer Metallic Finish:  AA-C12C40R1x, chemical finish:  cleaned with inhibited chemicals; chemical finish:  conversion coatings; organic coating:  Manufacturer's standard three coat, thermocured system consisting of specially formulated inhibitive primer, fluoropolymer color coat, and clear fluoropolymer topcoat, with both color coat and clear topcoat containing not less than 70% polyvinylidene fluoride resin by weight.  Prepare, pretreat, and apply coating to exposed metal surfaces to comply with AAMA 2605 and with coating and resin Manufacturers' written instructions. 



	3. EXECUTION 
	3.1 Installation - General 
	.1 Apply isolation coating of approximately 0.76 mm (30 mil) dry film thickness, or other suitable permanent separator on concealed contact surfaces of dissimilar materials, before assembly or installation where there is possibility of corrosive or electrolytic action such as aluminium to concrete, masonry, mortar, or steel. 
	.2 Install windows in accordance with CAN/CSA-A440-M and requirements specified herein. 
	.3 Set window framing in its correct location, level, square and plumb and at proper elevations, with nominal face of framing aligned in a single vertical plane.  Fasten and anchor framing in place.  Install in accordance with Manufacturer's instructions and reviewed Shop Drawings. 
	.4 Anchor component parts securely in place as indicated, by bolting or other permanent mechanical attachment system, which will comply with performance requirements and permit movement as intended or necessary. 
	.5 Clean and restore primer and bituminous paint to surfaces disturbed by field welding or other operations. 
	.6 Leave final installation water, air and weather tight. 

	3.2 Installation - Glazing 
	.1 Free rabbets, stops and glass edges of dust, dirt, moisture, oil and other foreign matter detrimental to glazing material adhesion.  Ensure drainage holes are not blocked. 
	.2 Place two setting blocks under each unit at quarter points.  Place spacers on all edges of glass, located directly opposite each other when on both sides of the glass, located at maximum 600 mm (24") centres and maximum 300 mm (12") from corners and uniformly spaced. 
	.3 Install glazing tapes and gaskets to ensure complete contact on surface of glass and stops.  Make joints only at corners of sash or frame.  Fit accurately with tight joints, free from tension, gaps, cracks and embedded foreign matter. 
	.4 Set glass properly centred with uniform bite and face and edge clearance, free from twist, warp or other distortion likely to develop stress. 
	.5 Ensure water and air tight seal for glass between glazed element and frame is flush with sight line. 
	.6 Perform glazing only when the temperature is above 4°C. 

	3.3 Installation - Sealant 
	.1 Prepare and seal joints to provide weathertight seal. 
	.2 Apply sealant to joints between windows, sills, and other components in this Section and adjacent construction both inside and outside to provide weather tight seal on exterior and air/vapour seal on interior.  Provide toe bead and/or heal bead of sealant around perimeter or sealed unit to prevent air leakage. 
	.3 Apply joint backing to achieve correct joint depth and shape in accordance with Manufacturer's instructions. 
	.4 Mix, apply and cure sealant in strict accordance with Manufacturer's instructions. 
	.5 Apply sealant in continuous full beads, using gun with proper size nozzle and sufficient pressure to fill voids and joints solid. 
	.6 Form surfaces smooth, free from ridges, wrinkles, sags, air pockets, embedded impurities. 
	.7 Tool exposed surfaces to slightly concave shape. 
	.8 Remove excess compound promptly as work progresses and upon completion. 
	.9 Glazing: 
	.1 Provide heel bead at bottom of interior edge of sealed units and up lower 75 mm (3") of each vertical to provide a vented glazing cavity. 
	.2 Neatly tool glazing compound at an angle sloping away from glass.  Remove excess glazing compound from stops and glass. 


	3.4 Adjust and Clean 
	.1 Maintain window in a clean condition throughout construction period, without deterioration or damage at time of acceptance.  Select methods of cleaning which will promote achievement of uniform appearance and stabilized colours and textures for materials that weather or age with exposure.  Do not use abrasives. 
	.2 Adjust operating devices and leave in perfect working order. 
	.3 Immediately prior to cleaning of glass and before building is handed over to the City, make good damage and disfigurement.  Remove protective covering and coating from aluminium surfaces, inside and out, and clean surfaces, remove labels, stripes and protective devices and polish glass surfaces, immediately prior to final acceptance. 
	.4 Immediately before Total Completion, clean windows thoroughly, inside and out.  Demonstrate proper cleaning methods to Contractor Administrator during final cleaning. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Furnish services of an Architectural Hardware Consultant (AHC) for preparation of hardware shop drawings, keying, co ordination with other Sections, consultation with the City and the Contract Administrator and for On Site inspections. 
	.2 Inspect all hardware after installation by the Manufacturer's representative who shall certify in writing to the City, that all hardware has been supplied and installed in accordance with the specifications and reviewed Shop Drawings, and are functioning properly. 
	.3 Hardware for doors in fire separations and exit doors certified by a Canadian Certification Organization accredited by Standards Council of Canada. 
	.4 Provide to applicable Sections templates and information required for proper preparation and application of hardware in ample time to facilitate progress of Work. 
	.5 Before furnishing any hardware, carefully check Hardware Schedule, Drawings and Specifications.  Verify door hands, door and frame material and operating conditions, and assure that hardware will fit work to which it is to be attached.  Advise Contract Administrator in writing of required revisions.  
	.6 Templates:  Check Hardware Schedule, Drawings and Specifications, and furnish promptly to applicable Sections any templates, template information and Manufacturer's literature, required for proper preparation for hardware, in ample time to facilitate progress of work. 
	.7 Provide services of competent mechanics for the installation of hardware.  Make adjustments necessary to leave hardware in perfect working order.  Provide written summary of work completed and status of all items, including any adjustments, revisions or modifications. 
	.8 Maintenance Seminar:  Instruct the City regarding proper care, cleaning and general maintenance. 
	.9 Source Limitations:  Obtain each type of product from a single Manufacturer. 

	1.2 Regulatory Requirements 
	.1 Ensure hardware for fire rated openings complies with requirements of authorities having jurisdiction, with door and frame Manufacturer's tested assemblies, and that hardware items bear labels acceptable to authorities having jurisdiction. 

	1.3 Extended Warranty 
	.1 Warrant work against defects in materials and quality of performance for a period of five (5) years for door closers and two (2) years for other hardware. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Type and Design:  Matching in all respects to samples of hardware and finishes approved by City. Use one Manufacturer's products for all similar items. 
	.2 Metal Finishes:  Free from defects, clean and unstained, and of uniform colour. 
	.3 Fire Rated Doors:  Meeting requirements of ULC as part of fire rated door assembly, with ULC or WHI label, or as acceptable to authority having jurisdiction. 
	.4 Fasteners:  Screws, bolts, expansion shields and other fastening devices as required for satisfactory installation and operating of hardware. 
	.1 Same finish as hardware to which it is to be fastened. 

	.5 Supply hardware complete with all necessary screws, bolts and other fastening of suitable size and type to anchor the hardware in position neatly and properly in accordance with the best practices and to the Contract Administrator's approval. 
	.6 Fastenings:  All fastenings shall harmonize with the hardware materials and finishes. 
	.7 Hardware for fire rated and labelled door and frame assemblies:  ULC listed or as accepted by authorities having jurisdiction. 
	.8 Following Manufacturer's are acceptable subject to review by the City of samples and list of items proposed. 
	.1 Hinges 
	.1 All Doors:  Full mortised, stainless steel, minimum 114 mm x 102 mm, heavy weight, 5 knuckles, ball bearing, stainless steel screws. 
	.2 Non Removal Pin:  Out swinging exterior doors and where scheduled. 
	.3 Stamp hinge catalogue numbers on face of leaf of each hinge at factory to enable easy recognition of hinge material and manufacture after doors are hung. 
	.4 Where doors are required to swing to 180 degrees, furnish hinges of sufficient throw to clear trim. 

	Locksets 
	.1 Type and Finish:  Heavy duty, stainless steel construction, orb handle and raised escutcheon. 
	.2 Backset:  125 mm for exterior doors, 70 mm for interior doors. 
	.3 Cylinders:  6 pin cylinders. 
	.4 Strikes:  Stainless Steel, ANSI standard size with curved lip strikes for latch bolts and no lip strikes for dead locks.  Provide complete with wrought boxes finished to match strike. 

	Closers 
	.1 Hydraulically controlled and full rack and pinion operation, clear anodized aluminium arm and full cover. 
	.2 Adjustable closing speed, latch speed and back check control. 
	.3 Adjustable swing power. 
	.4 Install all necessary attaching brackets, mounting channels, cover plates where necessary for correct application of door closers. 
	.5 Parallel arms at out swinging exterior doors and at interior doors where specified. 
	.6 Delayed action for barrier free application. 
	.7 Coordinate closers with overhead holders. 

	Construction Keying 
	.1 Equip lock cylinders in construction system. 
	.2 The construction key system to be inoperative once the Owner's keys are inserted in the cylinders. 

	Push Plates and Kickplates 
	.1 Length:  40 mm (1 1/2") less than door width for single doors and 20 mm (3/4") less than door width for doors in pairs. 
	.2 Thickness:  1.3 mm (0.050"), free of rough or sharp edges.  Corners and edges to be slightly radiuses. 
	.3 Installation:  3M tape. 

	.6 Surface Bolts 
	.1 Stainless steel top and bottom bolts, chain pull for top bolt. 
	.2 Dust free strikes. 

	.7 Door Stops 
	.1 Surface mount, stainless steel retainer, half dome shaped neoprene stop. 
	.2 Install floor stops in manner so as not to create a tripping hazard and allows maximum opening of doors. 
	.3 Furnish door stops of height to engage doors. 

	.8 Astragals:  Stainless steel bar with neoprene bulb. 
	.9 Weatherstrippings:  Surface mounted extruded aluminium housing with neoprene bulb having spring mounted adjustment, 770A by Zero International. 
	.10 Door Bottoms:  Surface mounted, extruded aluminium housing, pressure spring loaded neoprene bulb, 365A by Zero International. 
	.11 Thresholds:  Extruded aluminium, high seat, except flat saddle for barrier free application. 


	2.2 Keying System 
	.1 Lay out keying system for building in consultation with the City.  Keying system shall include keying alike, keying differently, keying in groups, master keying and grand master keying locks and exit devices as required. 
	.2 Prepare and submit keying chart and related explanatory data for approval.  Do not order cylinders until written confirmation of keying arrangements is received from the City.  
	.3 Stamp keys "DO NOT DUPLICATE". 
	.4 Provide two (2) change keys for each lock.  Three (3) keys for each submaster level and six (6) grand master keys.  In the case of keyed alike groups, supply six (6) cut keys only and supply the balance as blanks. 
	.5 Supply 1 Key Control System complete with cabinet and necessary components as Lund Model 1201, 2 tag system. 
	.6 Confirm with Contractor and the City for shipping directions. 


	3. EXECUTION 
	3.1 Preparation 
	.1 Thoroughly check design and provide required hardware for openings to required detail. 
	.2 Trim undesignated openings with hardware of equal quality and design to that specified for similar opening. 
	.3 Furnish door and frame manufacturers with complete instructions and templates for preparation of their Work to receive hardware. 
	.4 Co-ordinate voltages with Division 16, Electrical where applicable. 

	3.2 Installation 
	.1 Install finish hardware to template in accordance with Manufacturer's written instructions.  Do not modify finish hardware without manufacturer's written approval. 
	.2 Install finish hardware for fire rated doors in accordance with NFPA 80 requirements. 
	.3 Install finish hardware secure, plumb, level, and true to line. 
	.4 Cut and fit to substrates avoiding damage and weakening.  Reinforce attachment substrate as necessary for proper installation and operation. 
	.5 Size cutouts so that hardware item completely covers cutout. 
	.6 Mortise work to correct location and size without gouging, splintering, and causing irregularities in exposed finish work. 
	.7 Where cutting and fitting is required on substrates to be painted or similarly finished, install, fit, and adjust hardware prior to finishing. 
	.8 Remove hardware and place in original packaging. 
	.9 Re-install hardware after finishing operation is complete. 
	.10 Install hardware items affixed to concrete and masonry with machine screws and threaded metal expansion shields. 
	.11 Set, fit and adjust hardware according to manufacturer's templates and instructions.  Hardware shall operate freely.  Protect installed hardware from damage and paint spotting. 
	.12 Consult with manufacturer of security hardware items such as door monitoring equipment, card reader access equipment, electric strikes, and electric hinges operated by card access equipment and combination magnetic door holder releases/door closers and install in accordance with Manufacturer's recommendations under supervision of Division 16 Sections Fire Detection and Alarm System.  Use templates as supplied by Manufacturer for predrilling doors and frames. 
	.13 Pre drill kickplates and doors before attachment of plates.  Apply with water resistant adhesive and countersunk stainless steel screws. 
	.14 Weatherstrip exterior doors.  Install effectively to tightly seal entire perimeter of door.  Secure in place with non ferrous screws, in accurate alignment. 
	.15 Maintain integrity of weather seal at head of doors fitted with closers.  Adapt weatherstripping as required to achieve specified performance and provide any necessary accessories. 
	.16 After installation of hardware under this Section, check opening units for correct fit and uniformity of space around perimeter of units, or between units.  Provide smoothly operating opening units free from binding. 

	3.3 Field Quality Control 
	.1 Have hardware supplier's representative visit Site and submit written report of each visit to Site, giving storage conditions and installation details, date and name of hardware supplier's representative.  
	.2 Before completion of Work but after hardware installation, have hardware supplier's representative inspect work and submit certificate to the City stating that final inspection has been made and that hardware of proper type has been properly installed and adjusted, is in good working order and condition, and is in conformance with Contract requirements. 

	3.4 Adjustments and Cleaning 
	.1 Adjust and clean hardware according to Manufacturer's written instructions. 
	.2 Turn over construction keys and extractor key to the City and provide any required adjustment or modifications prior to substantial performance of the contract. 
	.3 Hand over to  the City Grand master and master keys, Change Keys, Control Keys and Permanent Cylinders and core.  The City will be responsible for interchanging temporary construction cores with permanent cylinder cores in locks.  Temporary construction cores will be returned to Contractor. 
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	1. GENERAL 
	1.1 Submittals 
	.1 Provide samples of materials as requested. Label samples with Manufacturer's name, with registered name of product, weight, and quality of glazing material. 
	.2 Provide maintenance data of glass and glazing system used in this Project including cleaning instructions for incorporation into manual. 

	1.2 Quality Assurance 
	.1 Perform work in accordance with recommendations of Glazing Association of North America (GANA).  Size glass to Code requirements and verify that openings for glazing are correctly sized and within tolerance. 
	.2 Glass Lites:  Float, tempered, laminated or heat strengthened and in thicknesses in accordance with requirements of glass Manufacturer as substantiated by the glass Manufacturer's stress analysis for each location required, unless otherwise indicated. 
	.3 Use a safety factor of 2.5:1 minimum for glass design. 

	1.3 Environmental Requirements 
	.1 Install glazing when ambient temperature is 10°C minimum. Maintain ventilated environment for twenty four (24) hours after application. 
	.2 Maintain minimum ambient temperature before, during and twenty four (24) hours after installation of glazing compounds. 

	1.4 Warranty 
	.1 Submit a ten (10) year warranty against defects in the insulating glass units and warrant them to be free from material obstruction of vision as a result of dust or film formation on the internal glass surfaces by any cause, under design conditions, other than extrinsic glass breakage, but including breakage due to thermal shock and temperature differential due to inherent glass faults. 
	.1 The glass coatings will not discolour, oxidize, delaminate, or have scratches and pinholes and shall be uniform in thickness and uniform in colour throughout each glass unit and from glass unit to glass unit. 
	.2 Insulating glass units will be free from condensation, fogging material obstruction of vision as a result of dust or film formation on the internal glass surfaces by any cause under normal conditions. 
	.3 The insulating glass units will not change their mechanical design properties and shall not in any way deteriorate, degrade, delaminate or change their visual appearance. 


	2. PRODUCTS 
	2.1 Materials 
	.1 Float Glass: CAN/CGSB 12.3, clear, glazing quality, minimum 6 mm (1/4") thick. 
	.2 Tempered Safety Glass:  CAN/CGSB-12.1 Type 2, Class B, minimum 6 mm(1/4”) thick, heat treated using the horizontal tong free method, with roll-wave distortion parallel to bottom edge of glass as installed. 
	.3 Heat Strengthened Glass:  ASTM C1048 Type HS, minimum 6 mm (1/4”) thick, heat treated using the horizontal tong free method, with roll-wave distortion parallel to bottom edge of glass as installed. 
	.4 Wired Glass:  Clear, 6 mm (1/4") thick, polished Georgian 12 mm (1/2") square wire-reinforced, float glass, having the required fire resistance rating based on ULC testing. 
	.5 Tinted Glass:  Heat absorbing glass, Solargray by PPG. 
	.6 Low emissivity coating:  Solarban 60 by PPG. 

	2.2 Accessories 
	.1 Glazing materials, primers and cleaning solvents:  Mutually compatible, standard colours. 
	.2 Insulated Glass Unit Spacer Core:  Extruded, thermoset polymer structural silicone foam tape with integrally incorporated desiccants, resistant to ozone, sunlight, oxidation, black, Super Spacer Premium Plus by Edgetech. 
	.3 Glazing Compound:  CAN2 19.13, one component silicone base. 
	.4 Glazing Tape, Preshimed:  Extruded, ribbon shaped, non drying, non skinning, non oxidizing polyisobutylene tape with continuous synthetic rubber spacer rod, sufficiently wide and thick as to completely cover bite area of glazing unit when unit is pushed into place. 
	.5 Glazing Tape:  Extruded, ribbon shaped, non drying, non skinning, non oxidizing, reinforced, polyisobutylene tape of sufficient width and thickness, 6 mm (1/4") minimum, to permit a continuous seal.  
	.6 Shims, Spacers and Setting Blocks:  45, 50, and 90 Durometer A hardness ± 5 respectively, neoprene rubber. Resistance to sunlight, weathering, oxidation and permanent deformation under load shall be prime essentials of shims, spacers and setting blocks. 
	.7 Glazing Gaskets:  Neoprene, EPDM, thermoplastic or other approved material, of sufficient thickness to be 25% compressed when installed.  Gaskets shall have a 13.8 MPa (2000 psi) tensile strength, Durometer A hardness of 50, ± 5, resistance to permanent set 30% maximum, minimum elongation at break of 300% and resistance to ozone showing no cracks. 

	2.3 Fabrication 
	.1 Accurately size glass to fit openings allowing clearances recommended by Glass Association of North America.  Cut glass clean and free of nicks and damaged edges.  Grind smooth and polish exposed glass edges.  Do not cut or abrade tempered, heat treated, or coated glass. 

	2.4 Fabrication – Insulating Glass Units 
	.1 Insulating glass units:  CAN2-12.8, double glazed, composed of lites of minimum 6 mm thick glass separated by a 13 mm wide dehydrated air space, double sealed and atmospheric pressure equalized to prevent bowing of the glass lites in the vertical position.  Edges of glass shall be straight cut, free of nicks and other imperfections conducive to breakage.  Coatings used in structural glazing shall be edge deleted 10 mm. 
	.1 Sealing System:  At Contractor’s option, dual seal with polyisobutylene primary and polysulfide secondary sealants, or dual seal with polyisobutylene primary and silicone secondary sealants. 

	.2 Set spacer core straight and even into glass units with a maximum variation in line of spacer core of plus or minus 2 mm (0.080”) and the primary seal not extend past the inside edge of spacer core by more than 1.6 mm (0.060”).  Weld or vulcanize spacer core corners and joints. 


	3. EXECUTION 
	3.1 Inspection 
	.1 Verify dimensions at the site before proceeding with fabrication or glazing units. 
	.2 Ensure that openings are free from distortion, and that surfaces are free from protrusions that will obstruct face and edge clearances. 
	.3 Ensure that ferrous metals are painted or zinc coated; and that surfaces are suitable for adhesion of the glazing materials. 
	.4 Ensure that operable units to be glazed are adjusted for proper operation. 
	.5 Ensure that surfaces to receive mirrors are sealed. 
	.6 Ensure that ambient and surface temperatures are above 5°C. 

	3.2 Preparation 
	.1 Free rabbets, stops and glass edges of dust, dirt, moisture, oil and other foreign matter detrimental to or obstructing the glazing material. 

	3.3 Installation - General 
	.1 Handle and install glass in accordance with Manufacturer's directions.  Prevent nicks, abrasions and other damage likely to develop stress on edges. 
	.2 Without limitations, cracked or scratched glass, shrinking, cracking, staining, hardening, sagging of glazing materials; loosening or rattling of glass; leaking of glazed joints will be rejected. 
	.3 Remove and replace glazing stops in original locations, using original fasteners, securely set and undamaged. 
	.4 Use setting blocks and spacers as required to properly support the glass, centred in place in the glazing space independent of the materials and to uniformly distribute its load. 
	.5 Use a minimum of 2 setting blocks, located at the quarter points.  Locate spacers at jamb edges of glass, uniformly spaced at 600 mm (24") oc maximum, and 300 mm (12") maximum from top and bottom. 
	.6 Assess coloured glass units for colour uniformity and arrange to avoid abrupt variation in appearance. 
	.7 Set glass properly centred with uniform bite and face and edge clearance, free from twist, warp or other distortion likely to develop stress. 
	.8 Leave labels on glass until it has been set and inspected and approved.  Leave glass whole and without cracks, scratches or other defects and with setting in perfect condition at completion, to the approval of the Contract Administrator. 
	.9 Remove rejected, broken or damaged glass due to defective materials or improper setting and replace with perfect materials.  Units producing distorted vision will be rejected and replaced at the reasonable discretion of the Contract Administrator. 

	3.4 Interior Glazing 
	.1 Set glazing in fire rated assemblies in accordance with NFPA 80 and the Code requirements. Install glazing to ULC tested proprietary methods of installation. 
	.2 Unless otherwise specified, all interior glazing shall be dry glazing. 
	.3 Provide glazing gasket around entire perimeter of glass.  Make tight butt joint at corners of lights.  Place setting blocks at sill and spacers at both jambs as required to centre the unit in the frame.  Place the unit into the frames and apply the stops against the gaskets.  Tighten the screws or clips to obtain positive uniform pressure avoiding excessive pressure. 
	.4 Ensure rattle-free cushioning. 

	3.5 Cleaning 
	.1 Clean and make good to the approval of the Contract Administrator, surfaces soiled or otherwise damaged in connection with the work of this Section.  Pay the cost of replacing finishes or materials that cannot be satisfactorily cleaned. 
	.2 Upon completion of the Work, remove all debris, equipment and excess material resulting from the work of this Section from the Site. 
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	1. GENERAL 
	1.1 Quality Assurance/Submittals 
	.1 Perform painting work by applicator with minimum five (5) years of proven, satisfactory and successful painting experience on projects of similar size and nature. Provide qualified crew of painters and full time review of work by qualified supervisor for duration of work. 
	.2 Submit in writing list of proposed materials prepared by paint Manufacturer, for approval at least sixty (60) days before materials are required.  List shall bear Manufacturer's official certification that materials listed meet or exceed requirements specified herein.  List shall contain following for record: 
	.1 Manufacturer's product number and application instructions. 
	.2 Finish formula. 
	.3 Product type. 
	.4 CGSB number. 
	.5 Colour number. 
	.6 Maximum VOC classification. 
	.7 Ecologo certification where applicable. 

	.3 Samples:  Submit at least fifteen (15) days prior to painting Work commencing at the Site (and resubmit until approved), two (2) identified (with Project Name, the finish, colour name and number, sheen and gloss values) samples of the following: 
	.1 Each specified colour in each specified finish coat material on minimum 150 mm x 300 mm coated stock card 
	.2 Each natural wood finish on minimum 150 mm x 300 mm samples of each specified wood species to receive the finish 

	.4 Have the paint Manufacturer's representative visit Site prior to the commencement of  painting operation to discuss painting and finishing procedures to be used, to analyze surface conditions, and to propose alternative recommendations should adverse conditions exist. 
	.5 Have the paint Manufacturer visit Site at intervals during surface preparation and painting operations to ensure that proper surface preparation is performed, specified paint products are being used, proper number of coats are being applied, agreed finishing procedures are being used. 
	.6 Product Manufacturer's Approval of Surfaces To Be Painted:  Submit, prior to painting Work commencing, letters signed by the respective manufacturer(s) of products to be used stating that the representative has examined the various surfaces prior to application and that the surfaces and the environmental conditions are suitable to receive the specified finishes. 
	.7 Product Manufacturer's Certification of Paint Application:  Submit, on completion of painting, a letter or letters, signed by the respective manufacturer(s) of products, stating that a manufacturer's representative has inspected (at intervals) the preparation of surfaces and the application of paint products and that paint products have been applied satisfactorily and to the required coverage. 

	1.2 Environmental Requirements 
	.1 Comply with requirements of Workplace Hazardous Materials Information System (WHMIS) regarding use, handling, storage, and disposal of hazardous materials; and material safety data sheets acceptable to Ministry of Labour. 
	.2 Provide paint products certified to meet the requirements of the Environmental Choice Program, Department of the Environment. Provide CSA Certification Reports that products proposed for use are certified under the Environmental Choice Program. Water based paints to be certified to ECP 07 89. Solvent based paints to be certified to ECP 12 89. 
	.3 Arrange for ventilation system to be operated during application of paint.  Ventilate area of work by use of approved portable supply and exhaust fans. Provide continuous ventilation during and after application of paint.  Run ventilation system twenty four (24) hours per day during installation; provide continuous ventilation for seven (7) days after completion of application of paint.  Apply paint finishes only when temperature at location of installation can be satisfactorily maintained within manufacturers recommendations. Substrate and ambient temperature shall be within limits prescribed by Manufacturer. 
	.4 Maintain minimum interior temperature of 18°C (65°F) during application and drying of paint and maintain until building occupancy occurs.  Do not undertake exterior painting if air and surface temperature are expected to fall below 10°C (50°F) before coating has dried.  Avoid painting during winds, weather conditions which may affect paint application or following rain. Wait until frost, dew or condensation has evaporated. 
	.5 Provide heating to maintain minimum temperatures recommended by manufacturers. 
	.6 Apply paint finish only in areas where dust is no longer being generated by related construction operations such that airborne particles will not affect the quality of the finished surface. Apply paint only when surface to be painted is dry, properly cured and adequately prepared.  
	.7 Protect floors of storage areas by means of tarpaulins and metal pans. 
	.8 Provide a fully charged, ULC 10:BC rated, 9 kg carbon dioxide fire extinguisher immediately adjacent to the storage area for the entire time materials are stored in the area.  
	.9 Deposit waste rags in metal containers with tight fitting metal lids and remove from the building at the end of each working shift.  
	.10 Keep solvents for brush and roller cleaning in tightly sealed containers when not in use.  Do not allow brushes and rollers to stand in solvents in open containers overnight. 

	1.3 Painting and Finishing Work Standards 
	.1 The best practices specified or recommended in CAN/CGSB-85.100 are to govern for painting methods and procedures, unless specified otherwise in this Section. 

	1.4 Colour Selections 
	.1 The Consultant will issue a schedule indicating colour(s), gloss value and sheen.  Colour may be selected from the lines of up to three (3) Manufacturers and an unlimited number of colours and gloss and sheen. 

	1.5 Warranty 
	.1 Warrant Work against defects in material and quality of performance for a period of two (2) years. 

	1.6 Extra Stock 
	.1 At date of Total Completion, supply and deliver to a designated storage area at the Site, sealed, original, fresh containers of each paint and finish product applied, and in each colour, all labelled as specified in this Section. 
	.2 Supply 1 litre of extra stock for products for which less than 45 litres were used, 4 litres of extra stock when from 45 to 180 litres were used, and 10 litres of extra stock when in excess of 180 litres were used. 

	2. PRODUCTS 
	2.1 Painting, Finishing, and Coating Products 
	.1 Unless otherwise specified, painting and protective coating products are specified in PART 3 of this Section and are the products of ICI/Glidden. 
	.2 Painting and protective coating products fully equivalent to the ICI/Glidden products specified and supplied by the following manufacturers are acceptable: 
	.1 Sherwin Williams 
	.2 Benjamin Moore 
	.3 Pittsburgh Paints 

	.3 Finishing products such as oils or putties not specified in this Section are to be premium quality and as recommended by the Manufacturer of the paint or finish product it is associated with. 
	.4 Unless otherwise specified, paint is to be ready-mixed.  Where site mixing is required for certain products, mix in strict accordance with the manufacturer's instructions to produce smooth flowing materials with an easy-brushing consistency. 
	.5 Gloss value will be determined in accordance with ASTM D523, Tentative Method of Test For 60 Deg. Specular Gloss.  Gloss values for terminology specified are as follows: 
	.1 Flat - less than 8 
	.2 Eggshell - 25 to 35 
	.3 Semi-gloss - 45 to 55 
	.4 Gloss - in excess of 85 

	.6 On walls no defects shall be visible from a distance of 1000 mm at 90° to surface. On ceilings no defects shall be visible from floor to surface when viewed using final lighting source. Final coat shall exhibit uniformity of colour and uniformity of sheen across full surface area. 
	.7 Paint colours will be selected by Contract Administrator from the Manufacturer's full colour range, including light, dark and accent tones, and the Contract Administrator will issue a schedule indicating the colours, locations, gloss value and sheen.  Note that products of more than one Manufacturer may be selected. 


	3. EXECUTION 
	3.1 Examination of Substrate 
	.1 Examine surfaces to receive paint or protective coating to ensure that they are in the proper condition to be painted or coated.  Commencement of painting and protective coating Work will be interpreted as acceptance of the surface to receive the Work.  Correction of defective painting or protective coating Work resulting from application to unsatisfactory surfaces will be the responsibility of the painting contractor. 

	3.2 Special Conditions 
	.1 Post "No Smoking" signs and ensure that spark-proof electrical equipment is used in areas where flammable painting products are applied or stored. 
	.2 Post "Wet Paint" signs throughout freshly finished areas and remove when finishes are dry. 
	.3 Prohibit traffic where possible, from areas where painting is being carried out until paint is cured. 
	.4 Provide adequate ventilation.  Where building is occupied, provide necessary air barrier to prevent fumes from entering occupied areas. 
	.5 Prior to the application of special finishes, arrange for a meeting at the Site with the Contract Administrator and a representative of the special finishes Manufacturers to discuss the condition of surfaces to receive painting, special finish, and application procedures. 

	3.3 Protection 
	.1 Cover or mask surfaces adjacent to those receiving treatment and finishing to protect the Work of others from damage and soil.  Mask instruction and specification plates and controls attached to equipment being painted. 
	.2 Take particular care in storage and mixing areas to ensure that tarpaulins and metal pans protect floors. 
	.3 Co-ordinate with the appropriate trades for the removal from finished surfaces, storage and reinstallation after finish Work is completed of finish hardware, switch and receptacle plates, escutcheons, luminarie frames, and similar items. 

	3.4 Preparation of Surfaces 
	.1 General 
	.1 Vacuum clean areas inside the building(s) immediately prior to commencing finishing Work.  
	.2 Scrub mildewed surfaces with a solution of trisodium phosphate, bleach with a solution of one part sodium hydrochlorite (Javex) to three parts water, and rinse with clear water.   
	.3 Arrange for finishing hardware, electrical plates, accessories, and similar removable fittings on surfaces to be finished to be removed.  Mask any other Work that is not removable.   
	.4 Prepare surfaces to be painted or coated such that the surfaces are thoroughly dry and free of chemicals, mortar splatters, organic matter, oil, grease, rust, scale, loose paint, and any other material, and such that the surfaces are in a proper condition to receive paint, stain, or other specified coating.   

	.2 Cleaning Procedures 
	.1 Surface preparation methods shall remove any contaminant that will interfere with full adhesion of protective painting and coating systems.  Level of cleaning shall be based on Steel Structures Paining Council's (SSPC), recommended designations of metal cleaning procedures specified. 
	.2 SSPC SP1 (Solvent Cleaning):  Use of solvents (such as mineral spirits, xylene, toluene) or cleaning action to remove oil, grease, and soil drawing and cutting compounds or similar solvent soluble contaminants.  Do not use gasoline or benzene.  
	.3 SSPC SP2 (Hand Tool Cleaning for mild exposure conditions):  Use of scrapers, sandpaper, wire brushing or hand impact tools to remove loose mill scale, non adherent rust and scaling paint or other foreign matter.  Do not use hand tool cleaning procedure for areas subject to corrosive environment or on surfaces for vinyl chloride top coating. Remove weld flux and spatter to avoid localized paint failure.  
	.4 SSPC-SP3 (Power Tool Cleaning for use under severe exposure conditions or immersion applications):  Use power sanders and wire brushes, impact tools, grinders and power chipping hammers to remove loose mill scale, loose rust, paint or other foreign matter.  Do not allow excessive power tool cleaning. 
	.5 SSPC-SP5 (White Metal Blast Cleaning):  Use when protective coating or environment is such that no rust, mill scale or other foreign matter can be tolerated on steel surface. Prime cleaned surfaces before any rusting occurs. 
	.6 SSPC SP6 (Commercial Blast Cleaning):  Use for moderate exposure conditions where high but not perfect degree of blast cleaning is required.  Prime blast cleaned surfaces as soon as possible. 
	.7 SSPC SP7 (Brush Off Blast Cleaning):  Use for ordinary exposure where environment is mild to permit tight mill scale, paint and minor amounts of rust to remain on surface. An effective means to clean rusty galvanized metal siding and old finishes in poor condition. 

	.3 Perform surface preparation work as follows: 
	.1 Shop Finished Metal Work:  SSPC-SP1, SSPC-SP2, or SSPC-SP3 as required. 
	.2 Shop Prime Coated Carbon Steel:  SSPC-SP1, SSPC-SP2, or SSPC-SP3 as required. 
	.3 Shop Prime Coated Cast Iron and Centrifugally Cast Ductile Iron:  SSPC-SP6. 
	.4 Non-Prime Coated Carbon Steel:  SSPC-SP1 using Oakite 31 or equal, SSPC-SP2, or SSPC-SP3 as required. 
	.5 Non-Prime Coated Cast Iron and Centrifugally Cast Ductile Iron - SSPC-SP6. 
	.6 Submerged Carbon Steel, Black or Galvanized:  SSPC-SP1 using Oakite 31 or equal, SSPC-SP2 or SSPC-SP3 as required. 
	.7 Submerged Cast Iron or Centrifugally Cast Ductile Iron:  SSPC-SP6. 
	.8 Galvanized Metal and Aluminium Above Grade:  SSPC-SP1 using Oakite 31 or equal, and CGSB-85-GP-16. 
	.9 Cut Surfaces of Field Cut Galvanized Metal:  SSPC-SP3. 
	.10 Copper - SSPC-SP1. 
	.11 Bitumen or Tar Coated Surfaces - SSPC-SP1 and SSPC-SP2 as required. 
	.12 Surfaces Subjected to High Heat Condition (140°C and Up):  SSPC-SP5. 
	.13 Interior Concrete Block, Poured and/or Precast Concrete:  CGSB-85-GP-31. 
	.14 Canvas Insulation Jacket:  SSPC-1. 
	.15 Aluminium, Stainless Steel, and Carbon Steel Underground:  In accordance with paint or coating Manufacturer's recommendations. 
	.16 Ferrous Metal:  Solvent clean to SSPC-SP1. Remove loose rust and prime bare metal with rust inhibitive steel primer.  Touch-up damaged shop applied primer using compatible product.  Provide full coat primer only if damage is extensive. Treat all weld areas with phosphoric acid (5% solution). 
	.17 Structural Steel/Miscellaneous Steel (Previously Painted and Exposed by Alterations Work):  Remove oil, grease, dirt, rust scale, loose mill scale, loose paint or coating by brush-off blast cleaning to SSPC-SP7 or by water blasting at minimum 215.4 kPa/cm2 (200 psi) at minimum flow rate of 0.25 l/sec (4 gal/min). 
	.18 Metal Stacks, Breeching, and Piping:  Blast clean to 37-50 µm (1.5-2 mil) profile using grit abrasive to SSPC-SP6. 
	.19 Aluminium:  On exterior products, allow to weather for 4 to 6 weeks and high-pressure steam or solvent wash to remove surface contamination. Remove thin oxide film or corrosion by power cleaning or hand clean such as sanding or scraping.  For interior application,  solvent clean to SSPC-SP1 to remove oil, grease, dirt, oxides and other foreign material. 
	.20 Galvanized Steel (weathered):  Remove dust, dirt, grease, oxides and other foreign material and clean to SSPC-SP1 prior to coating. 
	.21 Hot Dipped Galvanized Steel (unweathered):  Allow to weather minimum of twenty six (26) weeks and Xylene clean to SSPC-SP1 prior to coating to remove dust, dirt, grease, oxides and other foreign material.  Remove silicates or similar surface treatments or any deposits of white rust by sanding or similar abrasive methods (bronze wool). Use of acetic acid to prepare galvanized surfaces is not acceptable. 
	.22 Woodwork for Painting:  Seal all knots and sapwood in surfaces to receive paint with alcohol-based primer-sealer. Sand smooth rough surfaces of all woodwork to be finished and clean surfaces free of dust before applying first coat.  Fill nail holes, splits and scratches with non shrinking filler after first coat are dry.  Remove salt deposits that may appear on wood surfaces treated with fire retarder. 
	.23 Plastic (PVC):  Solvent clean to SSPC SP1. Sand lightly with No. 120 sandpaper and remove dust. 
	.24 Concrete Horizontal Surfaces:  If concrete is less than twenty six (26) weeks old or has been previously painted, clean surface and etch with muriatic acid with extenders. Rinse out etching compound with clean water and tri-sodium-phosphate (TSP) to neutralize acidity of surface (pH 6.5-7.5). Rinse out with clean water 2 to 3 times and allow to dry.  Verify that moisture content is less than 12% before proceeding with painting. 
	.25 Concrete Vertical Surfaces:  Use sand blasting, high pressure water blasting, high pressure water blasting with abrasives, vacuum blasting with abrasives or alternatively, needle guns or power grinders equipped with suitable grinding stone, to remove concrete, loose mortar, fins, projections and surface contaminants.  Vacuum or blow down and remove dust and loose particles from surface. 
	.26 Concrete Floors:  Prepare in accordance with CGSB 85-GP-32M. 
	.27 Concrete Block Masonry: Fill voids and cracks in masonry block wall to provide uniform surface for subsequent coats. 


	3.5 General Application of Paint and Finishes 
	.1 Verify by review of other Sections of this Specification, the extent of surfaces primed as part of the Work of other Sections, and include for priming of unprimed surfaces which are scheduled or specified to be painted. 
	.2 Back prime fitments and similar Work as soon as it is delivered and before it is installed.  Use exterior primer compatible with the finish coat for exterior Work, and enamel undercoat for interior Work to  receive paint or enamel finishes.  Prevent primer from running over faces. 
	.3 Unless otherwise specified, apply paint by brush or rollers.  Spray paint ceilings and exposed areas above the ceiling only when requested or approved by the Contract Administrator, and in other areas only when restricted to access and approved by the Contract Administrator,.  Discontinue spaying if prohibited by the Contract Administrator, became of inadequate coverage, overspray, paint fog drift, or disturbance to other work. 
	.4 Use only brushes for enamels for painting wood. 
	.5 Provide finish uniform in sheen, colour and texture, free from streaks, shiners and brush or roller marks or other defects.  Apply materials in accordance with Manufacturer' directions and Specifications.  Do not use adulterants.  
	.6 Finishes and number of coats specified hereinafter in Finish Schedule are intended as minimum requirements guide only.  Refer to Manufacturer’s recommendations for exact instructions for thickness of coating to obtain optimum coverage and appearance.  Some materials and colours may require additional coats and deeper colours may require use of Manufacturers' special tinted primers.  Unless otherwise specified, provide three (3) coats finish as minimum finish. Obtain colour chart giving colour schemes and gloss value for various areas from the City.  Colour chart shall give final selection of colours and surface textures of all finishes, and whether finishes are transparent (natural) or opaque (paint). 
	.7 Advise when each applied paint coat can be inspected.  Do not recoat without inspection.  Tint each coat slightly to differentiate between applied coats.  Sand smooth enamel and varnish undercoats prior to recoating.  Apply primer coat soon after surface preparation is completed to prevent contamination of substrate. 
	.8 Read Mechanical and Electrical Specifications for instruction on painting Mechanical and Electrical work and perform such work under supervision of respective Mechanical and Electrical Divisions.  Finish paint primed mechanical equipment:  heaters, convectors, radiators, wall fin perimeter induction units, fan coil units, and similar items. Prime and paint exposed, unfinished electrical raceways, fittings, outlet boxes, junction boxes, pull boxes, and similar items. Keep sprinkler heads free of paint. Take steps to protect gauges, identification plates and similar items from being painted over or paint splattered. Remove grilles, covers, and access panels for mechanical and electrical systems from installed location and paint separately, if these items are not factory finished, Paint work to match surfaces they are seen against unless directed otherwise. Paint interior surfaces of air ducts visible through grilles and louvres, with one (1) coat of flat black metal paint to limit of sight line. 
	.9 Maintain at the site at all times until the Work is completed, a moisture meter, hygrometer, and thermometer to verify surface and environmental conditions. 
	.10 Perform painting and coating Work under supervision of an experienced foreman using clean equipment designed for the purpose used. 
	.11 Unless otherwise specified, follow the specific instructions of the manufacturer(s) of the products used. 
	.12 Apply finishing products to provide full coverage at a rate not to exceed that stated by the manufacturer for applicable surface, free from perceptible defects, and with even colour, sheen and texture.  Vary the tone of each coat slightly to permit supervision identity. 
	.13 Make clean, true junctions with no overlap between adjoining applications of finish coatings. 
	.14 Leave all parts of mouldings and ornaments clean and true to details with no undue amount of coating in corners and depressions. 
	.15 Use products of a single Manufacturer in each coating application. 
	.16 Apply each coat only after the preceding coat is dry and hard, or as otherwise directed by the product Manufacturer. 
	.17 Sand wood and metal surfaces lightly with No. 00 sandpaper between coats. 
	.18 Use paint or finish thinners only where specified or directed by the paint Manufacturer. 
	.19 Apply paint and coatings only when the ambient temperature and the temperature of the surface to be painted exceed 4.4°C., except for materials and locations listed below where ambient and surface temperatures must exceed the temperatures stated: 
	.1 Latex paint for surfaces inside the building - 7°C. 
	.2 Latex paint for surfaces outside the building - 10°C. 
	.3 Enamels for all surfaces - 21°C. 

	.20 Do not: 
	.1 Apply finishes in direct sunlight that raises surface temperature above that required for proper application and drying 
	.2 Apply exterior finishes in rainy, foggy, or windy weather 
	.3 Apply exterior finishes when relative humidity exceeds 85%, when condensation has formed or is likely to form on the surface, nor immediately following rain, frost, or formation of dew  
	.4 Apply finishes when dust is being raised  
	.5 Apply finishes to cement board products, pipe and/or duct and/or equipment insulation, concrete or masonry surfaces that contain in excess of 12% moisture, or to wood products that contain in excess of 15% moisture except where the wood product would normally contain in excess of 15% moisture   

	.21 Paint the following items. 
	.1 Areas and surfaces indicated to be painted on finish schedules 
	.2 Areas and surfaces indicated to be painted on detail drawings 
	.3 Exposed exterior and interior ferrous metal (black or galvanized steel, cast and ductile iron), including structural steel, miscellaneous metal work, hollow metal doors and frames, piping, ductwork, conduit and similar metal raceway, non-prefinished metal, flashing, hangers, and supports 
	.4 Concealed or exposed ferrous metal (black or galvanized) built into or fixed to dissimilar materials inside or outside building(s)  
	.5 Exterior and interior wood surfaces where exposed  
	.6 Interior surfaces of poured concrete where exposed  
	.7 Interior surfaces of concrete block masonry work  
	.8 Interior and exterior machinery, equipment, supports and accessories, pump mechanisms, engine-generator set(s) and similar equipment and accessories, including shop finished items 
	.9 Exposed insulated piping, ductwork, and equipment and accessories 
	.10 Exposed copper, brass, plastic, and FRP unless otherwise specified 
	.11 Back surfaces of aluminium and stainless steel when in contact with concrete and/or steel 
	.12 Steel and copper piping (whether insulated or not) concealed behind false work or ceilings etc. To receive at least one prime coat  
	.13 All existing surfaces disturbed by work of this contract or contractor's forces  
	.14 Prime paint as minimum walls etc. before installing electrical panels 

	.22 Unless otherwise specified, DO NOT apply paint or finish to the following: 
	.1 Finishing hardware. 
	.2 Equipment nameplates and other such identification. 
	.3 Switch, receptacle and other electrical device faceplates except if constructed of prime coat painted or galvanized steel, in which case they are to be painted. 
	.4 Lighting fixtures. 
	.5 Stainless steel. 
	.6 Chrome plated surfaces, and polished or lacquered brass or bronze surfaces. 
	.7 Underground piping and accessories. 
	.8 Surfaces factory coated with baked epoxy or enamel. 
	.9 Plastic laminate surfaces. 
	.10 Manhole and catch basin covers. 
	.11 Covers or strainers associated with floor drains, cleanout terminations, and similar equipment. 
	.12 Recessed electrical boxes and similar recessed equipment unless they are not prime coat painted or galvanized. 
	.13 Piping, ductwork, conduit and similar mechanical and electrical materials where concealed inside building(s) (except steel and copper pipe). 
	.14 Exterior poured concrete and masonry surfaces. 
	.15 Valve handles. 
	.16 Control panels. 
	.17 Circuit breakers, switches, receptacles, and similar electrical devices. 
	.18 Caulked joints. 
	.19 Prefinished sheet metal flashing. 
	.20 Prefinished exterior wall louvres. 
	.21 Prefinished exterior metal soffit. 


	3.6 Paint Formula: 
	.1 Apply paint to surfaces with the following: 
	.1 Shop Finished Metal Work:  Paint, unless otherwise specified, all shop finished metal cabinets, panels, equipment, machinery and similar items with one coat of semi-gloss alkyd melamine thermosetting metal finishing enamel or a similar semi-gloss thermosetting or air dried enamel approved by the Contract Administrator. Paint colour of electrical components, unless otherwise specified, is to be white to CGSB-513-201 with all paint from the same batch to ensure a uniform colour throughout.  The Engineer from CGSB Standard Paint Colours, Section 5, 1-GP-12C, will select Colour(s) for all other equipment.  Standard shop colours will not be acceptable unless approved in writing by the Contract Administrator. 
	.2 Shop Primed Carbon Steel, Black and Cast or Ductile Iron Above Ground: 
	.1 One coat of Glid-Guard Tank and Structural Primer 4160. 

	.3 Non-Primed Black Carbon Steel, Black, and Cast or Ductile Iron Above Ground: 
	.1 One coat of Oakite surface preparation. 
	.2 Two coats of Devran 4170 Corrosion Resistant Epoxy Primer 3.0 to 4.0 mils DFT. 

	.4 Submerged Ferrous Metal Including Cast or Ductile Iron and Black or Galvanized Carbon Steel:  Prime and Paint as follows: 
	.1 SSPC-SP-10 Near White Sandblast. 
	.2 One coat Bar-Rust 235 Advanced Epoxy Technology at 5.0 to 6.0 mils DFT. 
	.3 One coat Bar-Rust 235 Advanced Epoxy Technology at 5.0 to 6.0 mils DFT. 

	.5 Galvanized Metal or Aluminium Above Ground: Prime and Paint as follows: 
	.1 One coat of Oakite surface preparation. 
	.2 DevGuard 4120 All Purpose Metal and Galvanized Primer at 1.5 to 2.0 mils DFT. 
	.3 DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.6 Galvanized Metal Field Cut Surfaces: 
	.1 Prime with one coat of Catha-Coat 326 Organic Zinc Rich Epoxy Primer at 2.0 mils DFT. 

	.7 Bitumen and/or Tar Coated Surfaces:  Prime and Paints follows: 
	.1 Two coats Glidden Stain Jammer # 200 at 1.0 to 1.5 mils DFT. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0p mils DFT. 

	.8 Metal Surfaces Designated for High Heat Condition: 
	.1 One coat Catha-Coat 304 Ethyl-Silicate Inorganic Zinc at 1.5 to 2.5 mils DFT. 
	.2 Two coats Devoe HT-10 Modified Silicone High Heat Coating at 1.0 mils DFT. 

	.9 Concrete Block and Poured Concrete Inside Building: 
	.1 One coat Glidden Ultra Block # 36250. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.10 Wood, Including Plywood for Paint Finish: 
	.1 One coat Glidden Alkyd Enamel Undercoat # 9431 at 1.0 to 1.5 mils DFT. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.11 Canvas Insulation Jacket: 
	.1 One prime coat Glidden Ultra Latex Sealer # 36600 at 1.0 to 1.5 mils DFT. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.12 Concrete Floor Slab and Inside Vertical Surfaces of Fuel Tank Curbed Enclosure:  Prime and paint as follows: 
	.1 One prime coat of 78-D-7 "Hi Build" epoxy (buff colour), to a 50 micron DFT. 
	.2 One finish coat of 78-W-3 "Hi-Build" epoxy (white colour), to a 100 micron DFT. 
	.3 One finish coat of 78-D-7 "Hi-Build" epoxy (buff colour), to a100 micron DFT. 



	3.7 Adjustment and Cleaning 
	.1 Touch up and refinish minor defective Work.  Refinish the entire surface where the finish is damaged or not acceptable, including areas exhibiting incomplete or unsatisfactory coverage.  Patching will not be permitted. 
	.2 Remove spilled or splattered finish materials from surfaces of Work performed under other Sections.  Do not mar surfaces while removing. 
	.3 Clean and make good surfaces soiled or otherwise damaged in connection with work of this Section.  Pay the cost of replacing finishes or components that cannot be satisfactorily cleaned. 
	.4 Upon completion, remove masking and clean adjacent surfaces free of over spray spatters, drips, smears and over spray. 

	3.8 Disposal of Paint Waste 
	.1 Be responsible for removal and disposal of material and waste generated by this Section. 
	.2 Remove empty and partly used containers from Site and recycle or dispose of as Hazardous Waste in accordance with local municipal, provincial and federal environmental regulations. Provide proof of such action in form of receipts of tipping fees, disposal fees or bills of lading, as applicable. 
	.3 Remove from Site peripheral items, such as clean up solvents, paintbrushes, rags, and similar items and dispose of where necessary in accordance with local municipal, provincial and federal environmental regulations. 
	.4 Do not rinse off of latex paints from brushes and rags under running water tap. While work is ongoing, whether using latex or alkyd products, rinse off all brushes and rags in container with appropriate solvent (water or paint thinner). Leave such container in well-lit and well ventilated area, away from any flammable conditions. Dispose of emulsion created in accordance with local municipal, provincial and federal environmental regulations. 
	.5 Wipe or drain clean empty containers.  Allow remaining film to dry before disposal.  Recycle metal containers and dispose of containers which are not recyclable.  Ensure non recyclable containers are acceptable to disposal recipient authority. 
	.6 Dispose paint that cannot be recycled as hazardous waste.  Generators of Hazardous Waste shall be registered and disposal shall be in accordance with regulations of authorities.  When handling coating materials, approved vapour/particulate respirator shall be worn as protection from solvent vapours; dust respirators are not acceptable. 
	.7 Remove cleanup solvents and recycle if possible. 
	.8 Treat non-recyclable thinners and paint sludge as hazardous waste. 
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	1. GENERAL 
	1.1 Delivery, Storage, and Handling 
	.1 Deliver materials to Site in their original wrappings with labels intact. 
	.2 Store insulation on raised platforms and protect with waterproof covers.  Prevent exposure of insulation to UV exposure. 
	.3 Store materials inside buildings for twenty four (24) hours prior to installation. 

	PRODUCTS 
	2.1 Materials 
	.1 Perimeter Insulation:  CAN/ULC S-701 Type 4, expanded, extruded polystyrene board insulation, minimum compressive strength of 210 kPa (30 psi) at 10% deformation or yield; square edges, unfaced, Styrofoam SM by Dow Chemical Canada Inc. 
	.2 Concrete Slab Insulation:  CAN/ULC S-701 Type 4, expanded, extruded polystyrene board insulation, minimum compressive strength of 415 kPa (60 psi) at 10% deformation or yield; square edges, unfaced, Styrofoam Highload 60 by Dow Chemical Canada Inc. 
	.3 Cavity Wall Insulation:  CAN/ULC S701 Type 3, expanded, extruded polystyrene board insulation, minimum compressive strength of 170 kPa (25 psi) at 10% deformation or yield; square edges; unfaced, Styrofoam Cavitymate Ultra by Dow Chemical of Canada Ltd. 
	.4 Roll or Batt Wall Insulation:  Preformed glass fibre batt insulation, CSA A101-M, 17.5 kg/m3 (1.1 pcf) density. 
	Adhesive:  Compatible to and as recommended by manufacturer of insulating materials. 
	.6 Cement Mortar Mix:  1 part Portland cement, 6 part masonry sand, 1 part hydrated lime, potable water to produce a workable mix. 
	Mechanical Fasteners 
	.1 Insulation Clips:  Impale type, perforated 50 x 50 mm (2" x 2") cold rolled steel adhesive back, spindle of length to suit insulation plus 25 mm (1") with speed washers. 
	.2 Nails:  Galvanized steel, length 25 mm (1") longer than insulation thickness, CSA B111 Table 12. 
	.3 Staples:  Galvanized wire, 12 mm (1/2") minimum. 

	.8 Lightweight Cement Board:  Panels of  Portland cement slurry with a fully embedded alkali resistant glass fiber mesh facing, Unipan, Uniflex or PermaBase from Unifix inc., or Durock by CGC. 


	3. EXECUTION 
	3.1 Preparation 
	.1 Ensure that surfaces to receive adhesive or insulation are dry, firm, straight, and free from loose material, projections, ice, frost, slick, grease, oil or other matter detrimental to bond of the adhesive or uniform bedding of the insulation. 
	.2 Maintain surface and ambient temperatures during application and curing of adhesive at a temperature recommended by the manufacturer of the type of adhesive used. 

	3.2 Installation - General 
	.1 Install insulation to maintain continuity of thermal protection to building elements and spaces as indicated on Drawings. 
	.2 Fit insulation tight to electrical boxes, plumbing and heating pipes and ducts, around exterior doors and windows and other projections or openings. 
	.3 Cut and trim insulation neatly to fit spaces.  Butt joints tightly, offset vertical joints.  Use only insulation panels free from ripped backs or chipped or broken edges. 
	.4 Install materials in accordance with Manufacturer's instructions. 
	.5 Do not cover insulation until it has been reviewed by Contractor Administrator. 

	Installation - Insulation 
	.1 Apply adhesives to substrate at rate recommended by Manufacturer. 
	.2 Fix insulation clip type fasteners on substrate, 2 per 600 x 1200 mm (24" x 48") board minimum.  Impale insulation board on insulation clips, butting all joints firmly together and secure with washers, cut off spindles 3 mm (1/8") beyond washer. 
	.3 Leave insulation board joints unbonded over line of expansion and control joints.  Bond a continuous 150 mm (6") wide 6 mil polyethylene strip over joint using compatible adhesive prior to application of insulation. 
	.4 Supply and install flexible insulation of equivalent thickness and thermal insulation to fit areas where application of rigid insulation is not possible to provide continuous coverage. 
	.5 Perimeter Insulation:  Install insulation boards on exterior face of perimeter foundation walls.  Apply with adhesive or cement mortar mix. 
	.1 Protect entire face of insulation exposed to back-fill with light weight cement boards. 

	.6 Concrete Slab Insulation:  Lay insulation boards where shown. 
	.1 Under Slab Application:  Ensure fill is level and properly compacted prior to placing insulation. 

	.7 Installation - Batt or Roll Insulation 
	.1 Fit batt between framing and press firmly into place.  Butt tightly at joints, free of gaps. 
	.2 Insulate behind pipes, ducts, electric conduits and outlets or junction boxes.  Cut insulation to fit around and behind obstructions and non standard spaces. 


	3.4 Installation - Lightweight Cement Board 
	.1 Fasten cement boards to support structure with appropriate screws at every 200 mm (8’’), and at a minimum edge distance of 10 mm (3/8").  Drive screws so that screw heads are flush with board surface without damaging the fibreglass mesh facing.  Ensure that the boards are well attached and that they are in continuous contact with the support. 
	.2 Install 50 x 50 mm (2” x 2”) 20 gauge galvanised steel corner casing bead at interior and exterior corners, using concealed fasteners. 
	.3 Do not attach other work directly to cement boards. 
	.4 Do not impede drainage of the system.  Do not create water back-ups. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Installers:  Skilled mechanics having minimum five (5) years experience in the Work specified and having an understanding of the design principles of air barrier. 
	.2 Installation:  Maintain continuity of air barrier at interface with adjacent construction and at where work of other Sections project through the air barriers.  Allow for expansion and contraction and linear movement of these items. 
	.3 Pre-installation meeting:  Before commencing the work of this Section, arrange a Site meeting attended by the Contractor, the Contract Administrator, and the material Manufacturers' qualified representative.  Discuss surface conditions, application procedures, suitability of materials and alternative recommendations. 

	1.2 Submittals 
	.1 Samples:  Two 150 x 150 mm (6" x 6") samples of sheet air barriers. 

	1.3 Delivery, Storage, and Handling 
	.1 Deliver materials in factory wrapped rolls with labels indicating manufacturer and trade name, material type, thickness, roll width and area. 
	.2 Protect materials from direct exposure to sunlight and physical damage. 

	1.4 Coordination 
	.1 Coordinate installation of sheet air-vapour barrier with work of other Sections to achieve an air and vapour tight building envelope. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Air/Vapour Barrier Membrane:  1 mm (40 mils) thick modified bituminous composite sheet, Perm-A-Barrier by W.R. Grace Co. of Canada Ltd., Blueskin SA by Bakor Inc., Air-Shield by WR Meadows, or Sopraseal Stick 1100 by Soprema, complete with primer, mastic and liquid membrane as required. 


	3. EXECUTION 
	3.1 Installation - Air Barrier Membrane 
	.1 Install the membrane in strict accordance with the Manufacturer's written instructions and the representative's on Site instructions. 
	.2 Ensure complete coverage of and adhesion to all substrate to receive the air/vapour barrier membrane, including all wall protrusions.  Extend membrane 150 mm (6") below sill plates at foundation walls.  Co-operate with other Sections to ensure continuity of the barrier. 
	.3 Apply the membrane to primed substrate in 2400 mm (8') lengths or as recommended by the membrane Manufacturer. 
	.4 Apply membrane so that horizontal joints overlap with the upper sheet over the lower sheet, shingle style.  Lap all horizontal joints minimum 50 mm (2") all side joints minimum 64 mm (21/2") and all end joints minimum 150 mm (6").  Stagger vertical joints to avoid four way joints. 
	.5 Apply a trowelled head of mastic to all terminations of the membrane at the end of a day's work and at membrane terminations. 
	.6 Reinforce all inside and outside corners with a continuous 300 mm (12") wide sheet membrane prior to installing the air/vapour barrier. 
	.7 Fill gaps and joints with liquid membrane and reinforce with a continuous 300 mm (12") wide sheet membrane prior to installing the air/vapour barrier. 
	.8 Use liquid membrane at all protrusions and difficult detail areas and provide a minimum 64 mm (21/2") overlap with the sheet membrane. 
	.9 Apply air/vapour barrier so that the exterior wall is air tight, with air tight junctures at openings, penetrations, and edges. 
	.10 Inspect air/vapour barrier for continuity immediately prior to installation of insulation.  Do not cover the air/vapour barrier until it has been inspected. 
	.11 Repair punctures, rips and tears with pieces of membrane completely adhered to the damaged membrane. 
	.12 Where punctures and tears are extensive, replace entire damaged section. 
	.13 Install membrane over doors, windows, and other openings to exterior walls. 
	.14 At openings, extend membrane 200 mm (8") beyond jambs, heads and sills. 
	.15 Use mastic or fixing bars to adhere membrane to windows, doors etc. to maintain continuity of the barrier. 

	3.2 Inspection 
	.1 Do not cover any portion of the air-vapour barrier until it has been inspected by the Contract Administrator or by an inspection agency appointed by the Contract Administrator. 
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	1. GENERAL 
	1.1 Performance Requirements 
	.1 Expansion and Contraction:  Design work to accommodate expansion and contraction within design temperature range. 
	.2 Design Wind and Temperatures:  In accordance with requirements of the governing building code. 
	.3 Deflection:  Maximum L/240 of clear span at design loads. 
	.4 Design work to maintain profile specified. 

	1.2 Quality Assurance 
	.1 Installer:  Trained and approved by the manufacturer and having a minimum five (5) years experience in the installation of the work described in this Section and can show evidence of satisfactory completion of projects of similar size, scope and type. If requested, provide a letter of certification from the Manufacturer stating that the installer is a certified applicator of its products, and is familiar with proper procedures and installation requirements required by the Manufacturer. 
	.2 Maintenance Seminars:  Provide, to the City, training seminars and recommendations on product maintenance procedures. 
	.3 Pre-Installation Meeting:  Two (2) weeks prior to commencing work of this Section, arrange for Manufacturer's Technical Representative to visit the Site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.4 Manufacturer’s Site Inspection:  Have the Manufacturer’s Technical Representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 
	.5 Source Limitations:  Obtain each type of product from a single manufacturer. 

	1.3 Submittals 
	.1 Samples:  Duplicate 50 x 75 mm (2” x 3”) samples of each type of cladding material, in colour and profile specified. 
	.2 Shop Drawings:  Clearly indicate type of metal cladding being supplied, surface finish, type and thickness of insulation, thicknesses of metal cladding components, size, spacing and location of structural supports, Z bars and sub-girts, connections, types and locations of fastenings.  Indicate provisions for structural and thermal movement between metal cladding and adjacent materials. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Roll Formed Metal Cladding Panel:  Sheet steel coil coated to ASTM A755, galvanized by the hot dip process to ASTM A653M, Z275.  Prefinish sheet to meet or exceed requirements of Baycoat Metallic Series, colour to match UC51131XL Bright Silver Metallic by PPG, apply colour on top side only. 
	.2 Aluminium Plate Cladding Panels:  Prefinished, plate aluminium alloy 3105-H14 or 3003 H14, minimum 3.2 mm nominal thickness, reinforced, corners welded and ground smooth.  Prefinish exposed to view aluminium surfaces in high performance fluoropolymer metallic finish, colour to match UC50958XL Silver Gray Metallic by PPG. 
	.1 High performance fluoropolymer finish:  AA-C12C40R1x, chemical finish:  cleaned with inhibited chemicals; chemical finish:  conversion coatings; organic coating:  Manufacturer's standard three coat, thermocured system consisting of specially formulated inhibitive primer, fluoropolymer color coat, and clear fluoropolymer topcoat, with both color coat and clear topcoat containing not less than 70% polyvinylidene fluoride resin by weight.  Prepare, pretreat, and apply coating to exposed metal surfaces to comply with AAMA 2605 and with coating and resin manufacturers' written instructions. 

	.3 Metal Liner:  L800 by Vic-West, of suitable core thickness hot dipped galvanized steel. 
	.4 Flashings, Trims and Closures:  Steel core thickness and finish to match siding.  Inside corners, outside corners, cap strip, drip cap, undersill trim, starter strip and window/door trim of same material and colour as cladding, with fastener holes pre punched. 
	.5 Girts, Z members, Clips and Brackets:  CAN/CSA G40.21, Grade 300W of required core steel thickness to meet design requirements, hot dipped galvanized after fabrication to CSA G164, thermally broken girts and Z members. 
	.6 Fasteners:  Non-corrosive concealed fasteners of stainless steel, aluminium or cadmium plated steel, as recommended by the manufacturer.  Where exposed fasteners are required, provide fasteners in colours matching cladding work. 
	.7 Sealant:  CAN/CGSB-19.24, Dymeric by Tremco Ltd. or approved equal. 
	.8 Backer rod:  Non-absorbent, non-gassing, closed cell polyolefin foam, over sized 25%. 
	.9 Wall Insulation:  CAN/ULC S701 Type 3, expanded, extruded polystyrene board insulation, minimum compressive strength of 170 kPa (25 psi) at 10% deformation or yield; square edges; unfaced, Styrofoam Cavitymate Ultra by Dow Chemical of Canada Ltd. 
	.10 Insulation Adhesive:  Compatible with wall insulation and approved by insulation manufacturer. 

	2.2 Fabrication 
	.1 Co-ordinate and verify at the Job Site dimensions affecting work of this Section.  Ensure suitability of adjacent building components in relation to work of this Section. 
	.2 Accurately fit joints and intersecting members to true planes, adequately and securely fastened and made completely water and weathertight.  Component fastening devices shall be of adequate strength and concealed, except as specified otherwise. 
	.3 Fabricate work to profiles and sizes indicated complete with rabbets, interlocks, flashings, cappings, trim, filler sections as required to interface with work of other Sections.  Make provisions for thermal and structural movements. 
	.4 Fabricate all devices required for erection and adequate anchorage and attachment required to be built into or attached to substrate and framing members for proper support. 
	.5 Accurately cut and form flashing true and straight without waves or buckles.  Make adequate provision for thermal movement and make joints watertight. 
	.6 Reinforce work to meet specified requirements and prevent undue deflection.  Provide concealed corrosion resistant fastening and continuous formed prefinished cleats. 


	3. EXECUTION 
	3.1 Installation - General 
	.1 Install cold rolled structural girts and other members required to support work of this Section except as otherwise shown on Drawings. 
	.2 Install work in accordance with Manufacturer's written instructions, plumb with intersecting parts joined together to provide tight, accurately fitted joints with adjoining surfaces in true planes.  Attach components in manner not restricting thermal movement. 

	3.2 Installation 
	.1 Lay a ribbon of sealant on the face of the support at top and bottom of wall panels and around perimeter of openings.  Line up and adjust interior liner sheets, press tightly against sealant and seal all vertical joints to form an air/vapour seal between liner and structural supports. 
	.2 Fasten Z members and girts through liner sheets to structural supports with self-tapping screws at 300 mm centres and to suit loading requirements. 
	.3 Install insulation on liner sheets with adhesive.  Butt each board against adjacent boards, with joints staggered.  Fit neatly with tight joints around obstructions, openings and corners.  Fill voids behind flashings and trim with neatly cut blocks of insulation. 
	.4 Fasten cladding to Z members and girts with concealed fasteners where possible and at spacings to suit loading requirements.  Ensure complete nesting of exterior siding sheets on Z members and girts and sealed side lap joints. 
	.5 Align units end-to-end to provide accurate fit with corresponding sections parallel and straight.  Keep exposed fasteners to a minimum.  Maintain minimum end overlap of 50 mm (2”) and locate directly over supports. 

	3.3 Installation - Flashing, Closure, Trim, and Accessories 
	.1 Cut and flash openings for louvres, doors, windows and the like.  Supply and install all necessary closures, flashings, gutter, downspouts, drips and trims, sealed to stop direct weather penetration. 
	.2 Install soffit and fascia cladding as indicated. 

	3.4 Sealing 
	.1 Seal junctions with adjoining work with sealant.  Apply and cure sealant in accordance with Manufacturer's instructions. 
	.2 Use backer rod to maintain correct sealant width/depth ratio as recommended by the sealant Manufacturer. 
	.3 Apply sealant in continuous beads, using gun with proper size nozzle and sufficient pressure to fill voids and joints solid. 
	.4 Form surface of sealant with full bead, smooth, free from ridges, wrinkles, sags, air pockets, embedded impurities. 
	.5 Tool exposed surfaces to give slightly concave shape. 
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	1. GENERAL 
	1.1 System Description 
	.1 Concrete Deck:  2 ply SBS modified bituminous sheet roofing work, including but not limited to following: 
	.1 Concrete deck. 
	.2 Vapour barrier. 
	.3 Roof insulation. 
	.4 Tapered insulation 
	.5 Insulation overlay. 
	.6 Base sheet membrane. 
	.7 Cap sheet membrane. 
	.8 Base and cap sheet flashings. 
	.9 Roof walkways. 


	Quality Assurance 
	.1 Perform work using skilled and experienced roofing mechanics fully conversant with standards, methods and techniques required for installation of roofing system specified herein.  Ensure roofer is qualified and approved by membrane manufacturer. 
	.2 Conform to CRCA Specification Manual as amended to date of this Specification, as applicable, except where indicated or specified otherwise. 
	.3 Pre-installation meeting:  Two (2) weeks prior to commencing work of this Section, arrange for Manufacturer's technical representative to visit the Site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.4 Manufacturer’s Site inspection:  Have the Manufacturer’s technical representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the Work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 

	Submittals 
	.1 Shop Drawings:  Reviewed and signed by Manufacturer's technical representative, showing method of installation and layout of each layer, fastening and flashings at edges, flashing of protrusions and penetrations, connection to air barrier in wall, details of insulation, tapered insulation layouts and vapour barrier. 
	.2 Maintenance Data:  Provide necessary maintenance data and repair instructions, recommendations for periodic inspections, care and maintenance.  Identify common causes of damage with instructions for temporary patching until permanent repair can be made. 

	Delivery, Storage, and Handling 
	.1 Deliver and store materials in dry location, in original containers with Manufacturer's wrappers and seals intact. 
	.2 Keep membrane materials dry, stored in rolls standing on end, selvage edge up, elevated from contact with moisture, at temperatures not less than 5°C or more than 49°C.  Handle rolls with care to avoid crushing, puncturing or other damage.  Ensure selvage edge is not damaged during handling and banding strips are removed before application of membrane.  Do not use wet or damp membrane. 
	.3 Do not expose insulation and sheathing to wet weather.  Store and handle insulation to prevent broken edges and corners, punctures, indentations or other damage.  Remove damaged insulation from Site. 
	Protect sheet metal materials from bending and scratching. 
	.5 Store adhesive, sealants and primers between 15°C and 26°C, or restore to temperature ranges before use. 
	.6 Store combustible materials away from heat and open flames. 

	1.5 Extended Warranty 
	.1 Provide membrane Manufacturer's ten (10) year non-prorated material, labour, and workmanship warranty, commencing from date of Total Performance, covering defects and deficiencies and weather tightness of complete roof and flashing system. 

	2. PRODUCTS 
	2.1 Materials - Roof And Flashing 
	.1 Roofing and Flashing Base Sheet Membrane:  CGSB 37-GP-56M, Type 2, Class C, Grade 1 or 2, minimum 3.0 mm (1/8”) thick, non-woven polyester reinforcement and thermofusible elastomeric asphalt, thermofusible plastic film top and bottom face, applied by torching only, Sopralene Flam 180 by Soprema Waterproofing Inc., ModifiedPlus NP180P/P by Bakor Inc., or Torchflex TP-180-FF-Base by IKO Industries Ltd. 
	Roofing and Flashing Cap Sheet Membrane:  CGSB 37-GP-56M, Type 1, Class A, Grade 2, minimum 3.5 mm (0.138") thick, non-woven 250 g/m2 polyester reinforcement and thermofusible elastomeric asphalt, coloured ceramic or mineral granules top face and thermofusible plastic film bottom face, applied by torching only,  Sopralene Flam 250Gr by Soprema Waterproofing Inc., ModifiedPlus NP250gT4 by Bakor Inc., or Torchflex TP 250 Cap by IKO Industries Ltd.  Standard colour ceramic or mineral granules. 
	Roof Walkways:  CGSB 37-GP-56M, Type 1, Class A, Grade 2, be minimum 3.5 mm (0.138") thick, non-woven 250 g/m2 polyester reinforcement and thermofusible elastomeric asphalt, coloured ceramic or mineral granules top face and thermofusible plastic film bottom face, and be applied by torching only,  Sopralene Flam 250Gr by Soprema Waterproofing Inc., or ModifiedPlus NP250gT4 by Bakor Inc., or Torchflex TP-250-Cap by IKO Industries Ltd.  Standard colour ceramic or mineral granules. 

	2.2 Materials - Insulation 
	.1 Roof Insulation:  CAN/ULC S-701 Type 3, expanded, extruded polystyrene board insulation, ship lapped edges, unfaced, Deckmate Plus by Dow Chemical Canada Inc. 
	.2 Tapered Insulation:  CAN/ULC S701, Type 2; CFC and HCFC free, unfaced expanded polystyrene insulation, maximum length and width, square edge, taper cut to provide slopes indicated, on computer controlled machine and sequence packed with detailed installation instruction, minimum 13 mm(1/2”) thick. 
	.3 Insulation Overlay:  6 mm (1/4”) thick board, mineral filled asphalt core between glass fibre facers, Re-Cover Board by Bakor, Sopraboard by Soprema or Protectoboard by IKO. 
	.4 Insulation adhesive: As recommended by insulation manufacturer. 

	2.3 Materials – Metal Flashing 
	.1 Sheet Metal:  Minimum 0.49 mm (26 ga) overall thickness, galvanized to ASTM A653 Z275 zinc coating, commercial quality sheet, stretcher levelled or temper rolled to stretcher level standard of flatness.  Prepaint work in Baycoat Metallic series, colour to match UC52061XL Concord Blue Metallic by PPG. 
	.2 Aluminium Flashing And Trim Sheet Metal:  Prefinished aluminium, 0.8 mm base metal thickness, colour to match UC52061XL Concord Blue Metallic by PPG. 
	.3 Cleats and Starter Strips:  Same as specified sheet metal, unless indicated otherwise, make cleats at least 38 mm (11/2") wide and interlocked with metal flashing. 
	.4 Flashing Fasteners:  CSA B111 Table 12, finished to match metal being fastened where exposed to view.  Size and type to suit requirements.  
	.5 Sealant:  CAN/CGSB 19.13-M, Class M 2 25 B N, one component polyurethane, or Manufacturer's approved products. 

	2.4 Materials - Accessories 
	.1 Asphalt primer:  CGSB 37 GP 9Ma or as approved by Manufacturer. 
	.2 Asphalt:  CSA A123.4-M; Type 2 or Type 3. 
	.3 Vapour Retarder:  CSA A123.3-M, No. 15 perforated, organic type felt. 
	.4 Joint Reinforcement:  0.8 mm (0.031”) thick, self-adhering, SBS modified bitumen membrane with a high density cross laminated polyethylene film, VaporBloc SA by Bakor or Sopravap’r by Soprema.  Complete with primer, liquid member and mastic. 
	Precast Pavers:  CSA A231.2, precast concrete pavers, smooth faced 600 x 600 x 45 mm (24" x 24" x 13/4") thick of steam cured 30 MPa concrete with between 4% and 6% entrained air, with edges chamfered. 
	.6 Pedestals:  Black plastic mouldings, complete with spacers, sized to suit pavers. 


	EXECUTION 
	3.1 Inspection 
	.1 Report any defects or irregularities in roof deck detrimental to roof application.  Do not proceed until corrected. 
	.2 Allow concrete deck to cure for minimum thirty (30) calendar days before placement of any roofing materials. 
	.3 Check deck is properly installed in compliance with latest CRCA recommendations and Specifications, with required slopes to attain positive drainage and drains are connected. 
	.4 Ensure openings, walls and projections through deck are completed and affixed and reglets and nailing strips are in place prior to membrane installation. Cooperate with mechanical and/or electrical divisions as necessary. 
	.5 Ensure deck substrate scheduled to receive roof system is smooth, dry, clean and free of sharp projections. 

	Preparation 
	.1 Apply 300 mm strips of continuous joint reinforcements, centred over joints of precast concrete slabs. 
	.2 Sweep roof surfaces clean, remove debris, water, dew, frost, snow, ice and foreign materials (oil/grease) which could impair work. 
	.3 Do not use salt or calcium to remove ice or snow. 
	.4 Do no roofing work during rain, fog, sleet or snow, or upon surfaces covered with dust, water, dew, ice, frost, snow, and similar detrimental conditions. 

	3.3 Protection 
	.1 Protect adjacent work, building and property, existing and completed portion of roof, from damage during roofing operations. 
	.2 Hang tarpaulins to protect walls where hoisting is necessary.  Locate kettles so smoke will not discolour building or adjacent buildings or enter air intakes.  Keep masonry and finished surfaces clean and free of bitumen. 
	.3 Use wood planks or minimum 9 mm (3/8") thick plywood sheathing in work areas and along work routes as required to prevent damage to steel deck, or sheathing and roofing. 
	.4 Keep two (2) foam or dry type fire extinguishers on roof within easy access of torching application and in any open flame location while roofing is in progress. 
	.5 Verify no vent pipes venting flammable fumes (i.e. fuel storage tanks) are located in area of work. 
	.6 Do not have gasoline or other flammable solvents on roof while torching. 
	.7 Install temporary blocking and/or otherwise protect drains during roofing operations.  Remove at completion of roofing work. 
	.8 At conclusion of each day's work, seal exposed edges of roof insulation. Remove when resuming work. 
	.9 Do not torch over or near flammable substrates such as fibreboard. 

	Cold Weather Application 
	.1 Remove moisture from substrate before application of membrane. 
	.2 Daily weather forecasts shall be followed to determine commencement of work or to anticipate possible suspension. 
	.3 At temperatures below 10°C, store membrane material in warm and dry storage until ready to use.  Bring out to work area only enough rolls for immediate use. 
	.4 Unroll membrane and allow roll to relax in sunlight for 30 to 45 minutes before application.  Reroll from both ends and apply in both directions. 
	.5 Maintain mopping temperatures of asphalt at minimum 204°C.  Limit mop strokes to 1200 mm (48") ahead of roll. 
	.6 Before starting mop stroke, pull roll tightly against cooled asphalt, so as to eliminate any air pockets or voids that may have occurred during previous mop stroke. 

	Installation 
	.1 General:  Use only roofing equipment approved by Manufacturer of roofing membrane system. 

	Installation - Primer 
	.1 Prime concrete deck with asphalt primer in manner approved by primer manufacturer, at minimum rate of 0.50 l/ m2 (1 gal/300 ft2). 
	.2 Apply primer to surfaces to which membrane or vapour barrier shall be adhered to directly.  Allow primer to cure.  Do not allow ponding. 

	Bitumen 
	.1 Heat asphalt in accordance with manufacturer's directions.  Never heat asphalt to or above Flash Point (FP) indicated by manufacturer, but in any case do not heat asphalt to or above 260°C. 
	.2 Do not apply at temperature lower than EVT (Equiviscous Temperature). Restrain asphalt temperature at point of application to EVT plus/minus 15°C. 
	.3 Do not heat and hold asphalt above Finish Blowing Temperature (FBT) for more than four (4) hours. 
	.4 Use heating kettles equipped with thermometers which continually show temperature of asphalt.  Equip foreman with portable stem thermometer for checking temperature at point of application. 
	.5 Roofing Asphalt:  Type 2 for slopes up to 1:16 and Type 3 for slopes greater than 1:16. 

	Vapour Retarder 
	.1 General:  Install vapour retarder full coverage and continuously, overlapped and sealed to adjacent air/vapour barrier at top of parapets and curbs to ensure continuity of building envelope. 
	.2 Mop prime deck with uniform and continuous coating of asphalt.  Roll felt in hot mopped asphalt, lapping each sheet 480 mm (19") over preceding sheet and mopping full 480 mm (19") under each lap leaving no area unmopped.  Use 1.2 kg/m2 (25 lb/sq) of asphalt per ply.  Seal lap joints. 

	Installation - Insulation 
	.1 Before laying any insulation, inspect vapour barrier and repair damage, if any.  Ensure surface is free of wrinkles, air pockets, fishmouths or tears. 
	.2 Over vapour barrier apply full mopping of asphalt at minimum rate of 1.0 kg/ m2 (20 lb/sq) and embed insulation. 
	.3 Lay roof insulation in hot asphalt.  Bring each board into moderate contact with adjacent boards and do not force into place. 
	.4 Cover entire area of base insulation with tapered insulation.  Lay in accordance with Manufacturer of tapered insulation's Shop Drawings, with joints staggered from insulation joints.  Lay each layer in full mopping of hot asphalt. Tape joints in top layer of insulation. 
	.5 Cover entire area of tapered insulation with overlayment.  Stagger joints of lower overlayment to those of tapered insulation.  Stagger joints upper overlayment to those of lower overlayment.  Lay work in full mopping of asphalt. 
	.6 Where insulation and overlayment abut irregular surface, scribe to profile thereof, elsewhere cut insulation square and neatly to provide plain butt joints at perimeter of insulation, at curbs and other vertical objects and surfaces. 
	.7 Lay only as much roof insulation and overlayment that can be covered on same day with roofing membrane.  At conclusion of day's work, seal exposed edges.  Upon resumption of work, cut and remove sealed edges, square, neat and straight. 
	.8 Reduce thickness of insulation at drains by 13 mm (1/2") for 1200 mm (48") square centred on each drain to ensure free flow to drain. 
	.9 Keep insulation, tapered insulation and insulation overlay dry at all times. 

	Base Sheet Membrane 
	.1 Ensure membrane substrate is rigid, dry, smooth, compatible, free of fins and sharp edges, and clean of debris and foreign matter and no moisture is present on substrate at time of application of membrane. 
	.2 Start roofing application at lowest point of roof (edge or drain) to ensure water flows over laps of membrane.  Proceed up slope at right angles to direction of flow. 
	.3 Position and unroll membrane to achieve correct overlap and alignment with roof line.  Re roll one end minimum 3000 mm (10') and adhere to substrate.  Complete application of remainder of sheet. 
	.4 Torch weld base sheet membrane by sufficiently heating lower surface of membrane evenly across width of roll to melt lower surface and provide flow of bitumen.  At same time unroll roofing membrane into melted bitumen.  Keep checking adhesion to be certain asphalt is hot enough.  Take care and inspect so heating is even across width to avoid skips or voids. 
	.5 Lay base sheet with 75 mm (3") side laps and 150 mm (6") end laps. 
	.6 Flow out bead shall be present at all locations along lap edges. Avoid excessive asphalt seepage.  Maximum seepage allowed 6 mm (1/4"). 
	.7 At walls and vertical surfaces, extend membrane minimum 50 mm (2") on vertical surface and nailed at 300 mm (12") on centres. 

	Base Sheet Flashings 
	.1 Apply base sheet flashing over dried and cured primer coat. 
	.2 Pre-cut flashing in strips 1 m (39") wide to correct length to extend minimum 100 mm (4") onto field of roof, up vertical surface and over any fascia minimum 50 mm (2").  Side laps shall be 75 mm (3") and staggered minimum of 100 mm (4”) with laps of base sheet.  Dry fit pieces to proper size. 
	.3 Provide base flashing reinforcements at stress points of roof, at inside and outside corners, vents, drains and mechanical units.  Install as detailed on Drawings or follow membrane Manufacturer's recommendations. 
	.4 Provide base flashings at roof protrusions such as vents pipes, roof drains, mechanical equipment curbs.  Install as detailed on Drawings. 
	.5 Torch apply base sheet flashing directly on its support from bottom to top.  Torch welding shall soften under side of base sheet without overheating, resulting in uniform adhesion over entire surface.  Take precaution not to stretch membrane.  When allowed by support, nail top edge of base sheet flashing 300 mm (12") oc. 

	Cap Sheet Membrane 
	.1 Do not apply cap sheet until base sheet and flashing have been applied and show no sign of defects. 
	.2 Plan cap sheet application so side and end laps are offset from those of base sheet minimum 300 mm (12") for side and 450 mm (18") for end laps.  Mark chalk line, centred on base sheets, where first course is to start.  Unroll 2 to 3 m (6' to 9') of membrane and line it up to chalk lines or to selvage edge.  If roll goes out of line by more than 13 mm (1/2"), cut and re align.  Re-roll from both ends and apply in both directions. 
	.3 Lay cap sheet with 75 mm (3") side laps to cover selvage edge and 150 mm (6") end laps. 
	.4 Commence application of cap sheet with 1 m2 (39") of cap sheet centred on each drain and torched down. 
	.5 Apply 1 ply of cap sheet granule side up.  Position and unroll cap sheet to achieve correct overlap and alignment.  Re-roll one end minimum 3000 mm (10') and adhere to substrate.  Complete application of remainder of sheet.  Torch weld by sufficiently heating lower surface of membrane evenly across width of roll to melt lower surface and provide flow of bitumen.  At same time unroll roofing membrane into melted bitumen.  Keep checking adhesion to be certain asphalt is hot enough.  Take care and inspect so heating is even across width to avoid skips or voids.  Install cap sheet in same direction as base sheet. 
	.6 Flow out bead shall be present at all locations along lap edges.  Avoid excessive asphalt seepage.  Maximum seepage allowed 6 mm (1/4"). 
	.7 Take great care to ensure asphalt does not spread out over exposed part of cap sheet. 
	.8 Factory provided granules shall be applied to overflow bitumen at lap before bitumen cools to provide clean appearance. 
	.9 Bevel "T" joints at end or head laps and repair fishmouths using torch heated trowel. 
	.10 Cut out drain opening after drain clamps have been installed. 

	Cap Sheet Flashings 
	.1 Pre-cut flashing in strips 1 m (39") wide to correct length to extend minimum 150 mm (6") onto field of roof, up vertical surface and over any fascia minimum 50 mm (2").  Side laps shall be 75 mm (3") and staggered minimum of 100 mm (4") with laps of base sheet.  Dry fit pieces to proper size. 
	.2 Using chalk line, lay out straight line on cap sheet surface, parallel to roof edge, 150 mm (6") inside roof from parapet wall. 
	.3 Soften bitumen by heating mineral surface with torch. When granules start to sink into bitumen, stop torching with hot round nosed trowel, embed granules in bitumen from chalk line to edge of cap sheet. 
	.4 Torch apply cap sheet completely covering base sheet, lapping edges to selvage.  Torch welding shall soften under side of base sheet without overheating, resulting in uniform adhesion over entire surface.  Press in firmly for proper adhesion.  Continue by bonding upper portion to wall, taking precautions not to stretch membrane. 
	.5 Anchor, with tin capped nails or roofing nails and disks or membrane manufacturer's recommended fasteners placed at top of flashing and driven into wood backing. 
	.6 Flow out bead shall be present at all locations along lap edges.  Avoid excessive asphalt seepage.  Maximum seepage allowed 6 mm (1/4"). 
	.7 Take great care to ensure asphalt does not spread out over exposed part of cap sheet flashing. 
	.8 Factory provided granules shall be applied to overflow bitumen at lap before bitumen cools to provide clean appearance. 

	Sheet Metal Work 
	.1 Do not install metal flashings until membrane flashings have been reviewed by Contract Administrator. 
	.2 Prime metal flashings with asphalt primer. 
	.3 Double back exposed edges at least 13 mm (1/2") for appearance and stiffness. 
	.4 Provide continuous starter strips to present true, leading edge.  Anchor to backup to provide rigid, secure installation.  Conceal fastening. 
	.5 Counterflash modified bitumen flashings as indicated.  Dovetail, mitre corners. 
	.6 Use slip expansion seams.  Make joints to permit thermal movement.  Make surfaces free from buckling, warp, wave, dents, oil canning or other defects.  Make corners square and surfaces straight and in true planes.  Equally space joints in any one run of flashing to suit building module or window spacing and in all cases locate in consultation with Contract Administrator before installation commences.  Space seams 2400 mm (8') oc maximum or closer if indicated. 
	.7 Obtain Contract Administrator's acceptance of exposed fastenings.  If exposed screws or bolts are used, use lead or neoprene washers with them.  
	.8 Close lock seams gently with wood block and mallet, apply sealant to joints. 

	Roof Walkways 
	.1 Remove loosely embedded granules from cap sheet in areas to receive walkways. Prime cap sheet area to which roof walkways will be applied.  
	.2 Apply walkways in 900 x 900 mm (36" x 36") sections spaced 25 mm (1") apart to prevent ponding of water.  Ensure walkways do not hinder drainage patterns of roofing system. 
	.3 Torch apply walkways membrane to roof cap sheet.  Sufficient heat should be applied to melt lower surface of roof walkways membrane and provide flow of bitumen.  At same time unroll membrane into melted bitumen. Ensure flow out bead is present at all locations along lap edges.  Maximum seepage allowed 6 mm (1/4"). 
	.4 At roof perimeters and/or where indicated on Drawings, place precast concrete pavers spaced 13 mm (1/2") apart on pedestals.  Shim pavers level using pedestal Manufacturer's shimming system. 

	3.16 Expansion Joints 
	Expansion Joints:  Construct expansion joints within roof construction in locations indicated on Drawings. 

	Field Quality Control 
	.1 Inspection:  City may engage independent inspection company to inspect work of this Section.  Give at least fourteen (14) calendar days’ notice of starting work and allow inspector free access.  Inspection may include thermographic survey of completed roof. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Roof hatches to withstand snow load, wind uplift and temperature range as required by building code without damage to unit or permanent deformation to seals, and without damage to roofing. 

	1.2 Shop Drawings 
	.1 Shop Drawings:  Indicate size and description of components, materials, attachment devices, description of frame and finish, and construction details. 
	.2 Maintenance Data:  Complete with pertinent details, spare parts lists and warnings against harmful maintenance materials and practices. 

	2. PRODUCTS 
	2.1 Manufacturer 
	.1 Specified Products:  Work of this Section is based on specified products.  Products by other manufacturers similar in function, design, performance, and construction complying with requirements of this Section may be incorporated into the Work subject to Contract Administrator’s acceptance. 

	2.2 Materials 
	.1 Sheet Aluminium:  Mill finish plain utility sheet. 
	.2 Extruded Aluminium:  AA6063-T5 alloy, all components one piece without splices. 
	.3 Gaskets:  Extruded resilient neoprene, with full recovery after 50% compression. 
	.4 Fasteners:  Screws to manufacturers standard, stainless steel. 
	.5 Sealants:  Multi component, Dymeric by Tremco. 
	.6 Isolation Coating:  Alkali resistant bituminous paint or epoxy solution. 

	2.3 Roof Hatches 
	.1 Insulated, weathertight, capable of supporting a minimum live load of 195 kg/sq.m. (40 psf) with maximum deflection of L/150 and resist an 100 kg/m2 (20 psf) wind uplift.  Cover operation smooth and controlled and unaffected by change in temperature range expected at the Place of the Work. 
	.1 Ladder Access Hatch:  Single leaf, Type S by Bilco, or R-100 by Lexcor. 
	.2 Equipment Access Hatch:  Single leaf, aluminium, Type D by Bilco. 

	.2 Cover:  11 gauge mill finish aluminium, reinforced, insulated, extruded EPDM rubber gasket bonded to the cover interior to assure a continuous seal when compressed to the top surface of the curb. 
	.1 Cover Insulation:  25 mm thick mineral fibre, fully covered and protected by metal liner 18 gauge mill finish aluminium. 
	.2 Reinforcing:  Bolt cover hardware into heavy gauge channel reinforcing welded to the underside of the cover and concealed within the insulation space. 
	.3 Hinges:  Heavy duty pintle hinges 
	.4 Latch:  Two point spring latch with interior and exterior turn handles.  Latch strike bolted to curb assembly. 
	.5 Padlock Hasps:  Interior and exterior padlock hasps. 
	.6 Hold Open Arm:  Equip cover with an hold open arm which automatically locks the cover in the open position. 

	.3 Curb:  300 mm high of same material as cover, and insulated with mineral fibre insulation.  Form curb with a 90 mm (31/2”) flange with 11 mm (7/16”) holes for securing to the roof deck.  Equip curb with integral fully welded metal cap flashing of the same gauge and material to roofing membrane securely in place. 
	.4 Lifting Mechanisms:  Compression spring operators enclosed in corrosion resistant composite telescopic tubes controlling cover operation throughout the entire arc of cover upward motion and acting as a check in retarding cover downward motion when closing.  Interlock lower tube with a flanged support shoe securely welded or through bolted to curb assembly. 
	.1 Springs:  Electrocoated acrylic corrosion resistant finish. 


	2.4 Accessories 
	.1 Safety Post:  Telescoping tubular hot dip galvanized post, self locking when fully extended, up and down movement controlled by stainless steel spring balance, designed for installation to fixed ladders below hatch covers, complete with mounting fasteners, LU-2 LadderUP by The Bilco Company. 

	2.5 Fabrication 
	.1 Fabricate components free of twists, bends, or visual distortion and insulated.  Weld corners and joints. 
	.2 Ensure continuity of weather-tight seal. 
	.3 Design flashings to collect and lead off accumulated condensation. 
	.4 Zinc plate hardware and attachments and shop prime ready for field painting. 


	3. EXECUTION 
	3.1 Installation 
	.1 Erect hatches and accessories plumb, level and in proper alignment. 
	.2 Ensure water-tightness continuity of roofing systems. 
	.3 Adjust and seal assembly with provision for expansion and contraction of components. 
	.4 Secure curb assembly to structure. 
	.5 Coat metals contact with dissimilar materials, with isolation coating. 
	.6 Secure and seal frame to curb. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Firestopping and smoke sealing shall be by competent installers having minimum five (5) years experience in application of materials and systems being used, approved and trained by material or system manufacturer. 
	.2 Asbestos free firestopping and smoke seal materials and/or systems to provide closures to fire and smoke at openings around penetrations, and at openings and joints within fire separations and assemblies having a fire resistance rating, including openings and spaces at perimeter edge conditions.  System shall provide draft tight barriers to retard passage of flame and smoke, and firefighter's hose stream and passage of liquids.  System shall provide and maintain fire resistance rating of adjacent floor, wall or other fire separation assembly acceptable to authorities having jurisdiction.  Provide firestopping and smoke seals within mechanical (i.e. inside ducts, dampers) and electrical assemblies (i.e. inside bus ducts) respectively and around outside of such mechanical and electrical assemblies where they penetrate rated fire separations. 
	.3 Firestopping and smoke seal materials shall conform to both the temperature and flame ratings of ULC S115 and, where applicable, to ASTM E814, and other requirements of authorities having jurisdiction.  

	1.2 Submittals 
	.1 Submit Shop Drawings indicating ULC assembly number for each condition, required temperature rise and flame rating, hose stream rating, thickness, installation methods and materials of firestopping and smoke seals, damming materials, reinforcements, anchorages and fastenings, size of opening, adjacent materials and number of penetrations. Submit copies of current ULC listings for each system and certified copies of test reports verifying that firestopping and smoke seals meet or exceed specified requirements. 

	1.3 Environmental Requirements 
	.1 Comply with requirements of WHMIS regarding use, handling, storage, and disposal of hazardous materials; and material safety data sheets acceptable to Ministry of Labour. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Certified and listed by ULC or WH in accordance with CAN4 S115 and bearing ULC or WH label, products shall be heat resistant, flexible, durable and compatible with adjacent materials and finishes. System shall be self supporting at penetration capable to adhere and yet maintain its integrity while providing effective barrier against passage of flame, smoke and gases. Product shall provide flame and temperature rating in accordance with  requirements of OBC for openings in respective fire resistance rated floor, wall or other assembly. 
	.2 Firestop Systems:  Certified by ULC, WH and listed in ULC Guide No. 40 U19. 
	.3 Firestop System Components: Certified by ULC, WH and listed in ULC Guide No. 40 U19.13 under the Label Service of ULC. 
	.4 Cementitious Matrices:  Minimum 2758 kPa (400 psi) compressive strength when cured, to retard cable tray warping within the firestop seal. 
	.5 Firestopping and Smoke Seals at Openings Where Reinstallation Occurs: An elastomeric or re useable cementitious matrix or putty seal; do not use a permanent cementitious seal at such locations. 
	.1 Firestopping and smoke seals at openings around penetrations for electrical bus ducts, pipes, ductwork and other electrical and mechanical items requiring sound and vibration control or allowance for expansion, contraction and other movement:  An elastomeric seal; do not use a cementitious or rigid seal at such locations. 
	.2 Firestopping and smoke seals at joints and spaces designed and required to allow movement such as building movement joints, deflection spaces, control joints, expansion joints, and similar locations shall be flexible, elastomeric seal suitable to withstand the required movement and capable of returning to original configuration without damage to seal and without adhesive or cohesive failure; do not use a cementitious or rigid seal at such locations. 
	.3 Primers:  To Manufacturer's recommendation for specific material, substrate, and end use. 
	.4 Water (if applicable):  Potable, clean and free from injurious amounts of deleterious substances. 
	.5 Damming and Backup Materials, Supports and Anchoring Devices:  To manufacturer's recommendations, and in accordance with tested assembly being installed as acceptable to authorities having jurisdiction. 
	.6 Pipe and Duct Insulation and Wrappings:  Compatible with firestopping systems. 
	.7 Intumescent Pads:  Permanently pliable type. 
	.8 Intumescent Composite Sheet:  Composite sheet, strip or precut shapes. 
	.9 Sealants and Putty For Vertical And Overhead Joints: Non sagging. 
	.10 Sealants and fluid seals at floors:  Self levelling. 
	.11 Materials and products shall not cause stress, chemical or physical reaction, or other damage to penetrating items or adjacent materials. 



	3. EXECUTION 
	3.1 Installation 
	.1 Ensure materials and products are compatible with abutting materials, coatings and finishes. Remove applied coatings and finishes as required to permit proper installation and adhesion. 
	.2 Ensure that pipe and duct insulation and wrappings occurring within openings to receive firestopping and smoke seal are installed prior to work of this Section and that insulation and wrapping within fire seals is a ULC listed component of the system to be installed, unless ULC certified assembly permits such other insulation and wrapping to remain within the assembly.  Otherwise, precede installation of mechanical insulations or remove insulation from area of insulated pipe or duct where such pipes or ducts penetrate a fire separation.  Coordinate work of this Section with the work of Division 15, Mechanical.  Ensure the continuity and integrity of thermal and vapour barriers where such are removed, altered, or replaced, acceptable to Division 15 and the City. 
	.3 Apply firestopping and smoke seals in accordance with Manufacturer's instructions and tested designs acceptable to authorities having jurisdiction to provide required temperature and flame rated seal, and to prevent passage of smoke and liquids. 
	.4 Provide temporary forming as required and remove forming only after materials have gained sufficient strength and after initial curing. Completely fill and seal voids with firestopping and smoke seal materials. Do not cover up materials until full curing has taken place. Notify when completed installations are ready for inspection and prior to concealing or enclosing firestopping and smoke seals. 

	3.2 Cleaning 
	.1 Remove excess materials and debris and clean adjacent surfaces immediately after application. Remove temporary dams after initial set of firestopping and smoke seal materials. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 This Section specifies sealing Work not specified in other Sections.  Refer to other Sections for the respective sealant work. 

	1.2 Submittals 
	.1 Samples for Initial Selection:  Provide 150 mm (6”) long cured, colour samples of Manufacturer's standard range of colours in each type of sealant for selection by Contract Administrator.  Submit samples of primer, bond breaker tape and joint backing material, if requested. 
	.2 Product Data: Submit product information from sealant Manufacturers prior to commencement of work of this Section verifying: 
	.1 Selected sealant materials are from those specified. 
	.2 Composition and physical characteristics. 
	.3 Surface preparation requirements. 
	.4 Priming and application procedures. 
	.5 Suitability of sealants for purposes intended and joint design. 
	.6 Test report on adhesion, compatibility and staining effect on samples of materials used in the Work. 
	.7 Sealants compatibility with other materials and products with which they come in contact including but not limited to sealants provided under other Sections, insulation adhesives, bitumens, concrete, masonry, metals and metal finishes, paints. 
	.8 Suitability of sealants for temperature and humidity conditions at time of application. 


	1.3 Quality Assurance 
	.1 Installer:  Trained and approved by the Manufacturer and having a minimum three (3) years experience in the installation of the Work described in this Section and can show evidence of satisfactory completion of projects of similar size, scope and type.  If requested, provide letter of certification from Manufacturer stating that installer is certified applicator of its products, and is familiar with proper procedures and installation requirements required by the Manufacturer. 
	.2 Maintenance Seminars:  Provide, to the City, training seminars and recommendations on product maintenance procedures. 
	.3 Manufacturer’s Site Inspection:  Have the Manufacturer’s Technical Representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the Work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 
	.4 Pre-Installation Meeting:  Two (2) weeks prior to commencing Work of this Section, arrange for Manufacturer's Technical Representative to visit the Site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the Work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.1 Weather conditions under which work will be done. 
	.2 Anticipated frequency and extent of joint movement. 
	.3 Joint design. 
	.4 Suitability of durometer hardness and other properties of material to be used. 
	.5 Recommendations of Manufacturer for mixing of multi-component sealants. 
	.6 Number of beads to be used in sealing operation and priming operation if required. 


	1.4 Delivery, Storage, and Handling 
	.1 Deliver materials in original, unopened containers with Manufacturer’s labels identifying Manufacturer's name, brand name of product, grade and type, application directions and shelf life or expiry date of product. 
	.2 Handle and store materials in accordance with Manufacturer's printed directions. Store flammable materials in safe, approved containers to eliminate fire hazards. 
	.3 Do not use sealing materials that has been stored beyond the maximum recommended shelf life. 

	1.5 Project Conditions 
	.1 Environmental Requirements:  Do not apply any sealant under adverse weather conditions, when joints to be sealed are damp, wet or frozen or when at ambient temperatures below 5°C (40°F).  Maintain minimum temperature of application during application and for eight (8) hours after application.  Consult Manufacturer for specific instructions before proceeding and obtain Contract Administrator's approval. 

	1.6 Extended Warranty 
	.1 Warrant Work of this Section against defects and deficiencies including cracking, crumbling, melting, shrinkage, sag, failure in adhesion, cohesion or reversion, air and moisture leakage, marbling or streaking due to improper mixing, discolouration due to dirt pick-up during curing and staining of adjacent materials. 

	2. PRODUCTS 
	2.1 MATERIALS 
	.1 General:  Non-bleeding, non-migrating, and capable of supporting their own weight. 
	.1 Horizontal Joints:  Self levelling. 
	.2 Vertical and Overhead Joints:  Non-sag. 

	.2 Sealant Type A:  CAN/CGSB-19.13 M, Class MCG-2-25-B-N, one component, chemical curing, urethane base, Sikaflex 1a by Sika, or Dymonic by Tremco. 
	.3 Sealant Type B:  CAN/CGSB-19.24-M, Type 2, Class B, multi-component, chemical curing, modified polyurethane, Sikaflex 2cNS EZ Mix by Sika, or Dymeric 240 by Tremco. 
	.4 Sealant Type C:  One component, chemical curing, mildew resistant silicone, DC786 by Dow Corning, Sanitary 1700 by GE Silicones, or Proglaze by Tremco. 
	.5 Joint Backing:  Preformed, compressible, resilient, non-waxing, non-extruding, non-staining closed cell polyethylene or urethane foam, shape to suit intended use, oversize 25% and compatible with sealant, primer and substrate. 
	.6 Bond Breaker Tape:  As recommended by sealant Manufacturer. 
	.7 Joint Primer:  Non-staining, suitable for substrate surfaces, compatible with joint sealants and as recommended by sealant Manufacturer. 
	.8 Cleaning Material:  Non corrosive, non-staining, xylol, methyl ethyl ketone, toluol, isopropyl alcohol or as recommended by sealant Manufacturer and acceptable to material or finish Manufacturers for surfaces adjacent to sealed areas. 
	.9 Sealants, Cleaning Materials and Primers:  Compatible with each other. 


	3. EXECUTION 
	3.1 Examination 
	.1 Ensure joints are suitable to accept and receive sealants.  Commencement of Work implies acceptance of surfaces and conditions. 
	.2 Do not apply sealant to masonry until mortar has cured. 
	.3 Before any sealing work is commenced, test materials for indications of staining or poor adhesion. 

	3.2 Preparation 
	.1 Remove existing sealant from joints to be re-sealed.  Ensure that all joint interfaces are clean and prepared to accept new work. 
	.2 Clean joints and spaces which are to be sealed and ensure they are dry and free of dust, loose mortar, oil, grease, oxidation, coatings, form release agents, sealers, and other foreign material. 
	.3 Clean porous surfaces such as concrete, masonry or stone by wire brushing, grinding, or sandblasting as required to obtain clean and sound surfaces. 
	.1 Remove laitance by grinding or mechanical abrading. 
	.2 Remove oils by abrasive blast cleaning. 
	.3 Remove loose particles present or resulting from grinding, abrading, or sandblast cleaning by thorough brushing. 

	.4 Clean ferrous metals of rust, mill scale and foreign materials by wire brushing, grinding or sanding. 
	.5 Wipe non-porous surfaces such as metal and glass to be sealed, except pre coated metals, with cellulose sponges or clean rags soaked with ethyl alcohol, ketone solvent, xylol or toluol and wipe dry with clean cloth. 
	.1 Where joints are to be sealed with silicone based sealants clean joint with methyl ethyl ketone or xylol.  Do not allow solvent to air-dry without wiping. 
	.2 Clean pre coated metals with solutions or compounds which will not injure finish and which are compatible with joint primer and sealant. 

	.6 Install joint backing material to achieve correct and uniform joint profile. 
	.7 Where joint design or depth of joint prevents use of joint backing material, apply bond breaker tape to prevent three-sided adhesion. 
	.8 Do not stretch, twist, puncture or tear joint backing. Butt joint backing at intersections. Install bond breaker tape at back of joint where joint backing is not required or cannot be installed. 
	.9 On horizontal traffic surfaces, support joint filler against vertical movement which might result from traffic loads, including foot traffic. 
	.10 Where surfaces adjacent to joints are likely to become coated with sealant during application, mask them prior to priming and sealing. 
	.11 Do not exceed shelf life and pot life of materials, and installation times, as stated by Manufacturers. 
	.12 Be familiar with work life of sealant to be used.  Do not mix multiple component materials until required for use. 
	.13 Use materials as received from Manufacturer, without additions, deletions, and adulterations of materials. 
	.14 Mix multiple component sealants and bulk sealants using mechanical mixer capable of mixing without mixing air into material, strictly in accordance with Manufacturer’s directions and recommendations. Continue mixing until material is homogeneously blended, uniform in colour and free from streaks of unmixed material. Install compound prior to start of hardening or curing cycle. 
	.15 Seal joints in surfaces to be painted before surfaces are painted.  Where surfaces to be sealed are prime painted in shop before sealing check to make sure prime paint is compatible with primer and sealant.  If they are incompatible, inform Contract Administrator and change primer and sealant to compatible types approved by Contract Administrator. 
	.16 Where irregular surface or sensitive joint border exists, apply masking tape at edge of joint to ensure joint neatness and protection. 
	.17 Prime joints as required by sealant Manufacturer.  Prime sides of joints for type of surface being sealed prior to application of joint backing, bond breaker, or sealant. 

	3.3 Application 
	.1 Apply sealant using hand operated guns or pressure equipment fitted with suitable nozzle size and equipment approved by sealant Manufacturer.  Apply in accordance with Manufacturer's directions and recommendations. 
	.2 Force sealant into joint and against sides of joints to obtain uniform adhesion.  Use sufficient pressure to completely fill all voids in joint regardless of variation in joint widths and to proper joint depth as prepared. Ensure full firm contact with interfaces of joint. Superficial pointing with skin bead shall not be acceptable. 
	.3 Finish face of compound to form smooth, uniform beads. At recesses in angular surfaces, finish compound with flat face, flush with face of materials at each side. At recesses in flush surfaces, finish compound with concave face flush with face of materials at each side. 
	.4 Compound may be tooled, provided that such tooling does not damage seal or tear compound. Avoid pulling of sealant from sides. 
	.5 Tool surfaces as soon as possible after sealant application or before any skin formation has occurred, particularly when using silicone sealants. 
	.6 Joint surfaces shall be straight, neatly finished, free from ridges, wrinkles, sags, dirt, stains, air pockets and embedded foreign matter or other defacement and be uniform in colour, free from marbling and/or colour streaking due to improper mixing or use of out of shelf life products. 

	3.4 SEALANT SCHEDULE 
	.1 Use one sealant specified for each type in following locations.  Ensure sealant chosen for each location is recommended by Manufacturer for use for conditions encountered. 
	.2 Refer to Drawings for sealing work not specifically listed in this Section. 
	.3 Seal following joints with Sealant Type A: 
	.1 Interior non-rated masonry control joints. 
	.2 Interior top of non-rated masonry walls to structure above. 
	.3 Interior hollow metal door frames, both sides. 

	.4 Seal following joints with Sealant Type B: 
	.1 Exterior hollow metal steel door frames, both sides. 
	.2 Joints between thresholds and slabs. 
	.3 Exterior control joints in masonry. 

	.5 Seal following joints with Sealant Type C: 
	.1 Around pipes and conduits passing through walls and ceilings.  Conceal sealant with escutcheons. 
	.2 Joints between access panels and walls. 


	3.5 Field Quality Control 
	.1 As part of the work of this Section, conduct field inspection and testing by the Manufacturer’s Technical Representative of a minimum 20% of sealant joints, including mixing of materials, joint preparation, priming, joint profile, application, adhesion, cohesion and tooling. 
	.2 Submit written inspection reports to the Contract Administrator. 

	3.6 Repair 
	.1 Remove any compounds not complying with requirements specified herein. Exercise care in removal operations not to mar or damage finishes adjacent to joints. Repeat preparation, priming and installation of new material as specified to provide finished work complying with specified requirements and acceptable to Contract Administrator. Do such repair work at no extra cost to City. 

	3.7 Cleaning 
	.1 Immediately clean adjacent surfaces which have been soiled and leave Work in neat, clean condition.  Remove excess materials, compounds smears or other soiling resulting from application of sealants. Use recommended cleaners and solvents. 

	3.8 Protection of Completed Work 
	.1 Provide approved, non staining means of protection for completed joint sealant installations where required to protect work from mechanical, thermal, chemical, and other damage by construction operations and traffic. 
	.2 Maintain protection securely in place until completion of Work. Remove protection when so directed by Contract Administrator. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Design construction methods for expansion and contraction of materials.  Adopt method of construction to ensure that materials are rigidly and securely attached and will not be loosened by work of other Sections.  Fasten wood nailers, blocking, framing and strapping solidly to adjacent materials in true planes. 

	1.2 Quality Assurance 
	.1 Lumber Identification:  Lumber identification shall conform to requirements of Standard Grading Rules for Canadian Lumber of NLGA or grade stamped by an agency certified by Canadian Lumber Standards Accreditation Board. 
	.2 Plywood identification:  by grade mark in accordance with applicable CSA standards. 
	.3 Align and plumb faces of furring and blocking to tolerance of 1:600. 

	1.3 Submittals 
	.1 Preservative Treatment Test Reports:  Duplicate reports from chemical treatment Manufacturer and certification by independent testing agency comply with requirements.  Indicate type of preservative used, net amount of preservative retained, and chemical treatment Manufacturer's written instructions for handling, storing, installing, and finishing treated material. 
	.2 For products receiving a waterborne treatment, include statement that moisture content of treated materials was reduced to levels specified before shipment to Site. 
	.3 Include copies of warranties from chemical treatment manufacturers for each type of treatment. 

	1.4 Waste Disposal 
	.1 Dispose waste legally off Site, in accordance with governing regulation.  Dispose of any end cuts and left over chemicals in an approved land fill site.  Do not burn or allow other use of end cuts. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Framing Lumber: Unless specified otherwise, Spruce/Pine/Fir (SPF), NLGA 121b Standard, with structural members meeting minimum No. 2 Grade requirements of CAN/CSA-O141. 
	.2 Cants, Curbs, Blocking, Nailers and other Members Less Than 89 mm (4") Wide:  Spruce, 122c. "Standard" light framing, except as otherwise specified. 
	.3 Softwood Plywood, Douglas Fir, CSA O121 M of Following Grades: Good One Side (G1S) elsewhere. 
	.4 Rough Hardware: CSA B111; Nails, screws, bolts, lag screws, anchors, special fastening devices and supports required for erection of carpentry components.  Use galvanized components if exposed to exterior atmosphere. Galvanize in accordance with requirements of CAN/CSA-G164 M. 
	.5 General purpose adhesive:  CSA O112 Series. 
	.6 Proprietary fasteners:  Toggle bolts, expansion shields and lag bolts, screws and lead or inorganic fibre plugs, explosive actuated fastening devices, recommended for purpose by Manufacturer. 

	2.2 Wood Preservative-Treated Materials 
	.1 Preservative Treatment by Pressure Process:  CSA O80 Series, using preservative chemicals acceptable to authorities having jurisdiction, ammoniacal or amine copper quat (ACQ), or copper azole (AC), except that lumber that is not in contact with the ground and is continuously protected from liquid water may be treated with inorganic boron (SBX). 
	.2 Precut wood, where practical, prior to preservative treatment. 
	.3 Treat site cut pressure treated lumber cut ends treated with preservatives compatible with pressure treatment chemicals. 
	.4 Kiln-dry material after treatment to a maximum moisture content of 19% for lumber and 15% for plywood.  Do not use material that is warped or does not comply with requirements for untreated material. 
	.5 Mark each treated item with the treatment quality mark of an inspection agency approved by the Canadian Lumber Standards Accreditation Board. 
	.6 Application:  Treat items indicated on Drawings, and the following: 
	.1 Wood cants, nailers, curbs, equipment support bases, blocking, stripping, and similar members in connection with roofing, flashing, air and vapour barriers, and waterproofing. 
	.2 Wood sills, sleepers, blocking, furring, stripping, and similar concealed members in contact with masonry or concrete. 


	2.3 Fire-Retardant-Treated Materials 
	.1 General:  Identify fire-retardant-treated wood with appropriate classification marking of ULC or another testing and inspecting agency acceptable to authorities having jurisdiction. 
	.2 Fire Retardant Treated Wood:  To ULC S102, flame spread, fuel contributed and smoke developed ratings of 25 or less, pressure treated. 
	.1 Lumber and plywood:  FirePro FRTW by Osmose, or Dricon FRT by Arch Wood Products Inc., or other approved equal. 
	.2 Particleboard:  Duraflake FR by Weyerhauser, or other approved equal. 

	.3 Use treatment that does not promote corrosion of metal fasteners. 


	3. EXECUTION 
	3.1 Installation - General 
	.1 Install members true to line, levels and elevations. 
	.2 Construct continuous members from pieces of longest practical length. 
	.3 Install spanning members with crown edge up. 
	.4 Install materials so that grade marks and other defacing marks are not visible or are removed by sanding. 
	.5 Frame, anchor, fasten, tie, and brace members to provide necessary strength and rigidity. 
	.6 Countersink bolts where necessary to provide clearance for other work. 
	.7 Fasten work to hollow units with toggle bolts and to solid masonry or concrete with lead expansion shields and lag screws.  Do not use organic fibre or wood plugs. 

	Furring And Blocking 
	.1 Install furring and blocking as required to space out and support casework, cabinets, wall and ceiling finishes, facings, fascia, soffit, siding and other work as required. 
	.2 Install furring to support siding applied vertically and where sheathing is not suitable for direct nailing. 

	Nailing Strips, Grounds, and Rough Bucks 
	.1 Install rough bucks, nailers, and linings to rough openings as required to provide backing for frames and other work. 

	Cants, Curbs, Fascia Backing 
	.1 Install wood cants, fascia backing, nailers, curbs, and other wood supports as required and secure using galvanized fasteners. 

	Electrical, Data, and Telephone Equipment Backboard 
	.1 Supply and install fire retardant treated backboards for mounting equipment as indicated.  Use 19 mm (3/4") thick plywood on 38 x 89 mm (2 x 4) furring around perimeter and at maximum 300 mm (12") intermediate spacing. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install steel items including, but not limited to, roof framing, roof hold down assemblies, roof perimeter angles, masonry weld plates and support angles, and loose lintels as indicated on the Drawings. 
	.2 Galvanizing of all items exposed to exterior environment. 
	.3 Prime painting. 
	.4 Bearing plates and anchor bolts (finished to match item). 
	.5 Welds, bolts, washers, nuts, and shims (finished to match item). 
	.6 Field touch up of primed and galvanized surfaces including field welding. 

	1.2 Design Standards, Code Requirements 
	.1 Conform to requirements of CSA S16.1, CSA-S136, CISC Code of Standard Practice for Buildings, and Provincial Construction Safety Act. 
	.2 Use the loads shown on Drawings and in accordance with the NBC of Canada 1995. 
	.3 Connections not shown on the Drawings are to be designed by a Professional Engineer registered in the Province of Manitoba.  Design connections for loads shown or indicated on the Drawings. 
	.4 Perform all welding in accordance with requirements of CSA W59. 

	1.3 Qualifications 
	.1 All work is to be performed by a firm certified by the Canadian Welding Bureau to the requirements of CSA W47.1 in Division 2. 
	.2 All welders employed for erection are to possess valid "S" Classification Class "O" certificates issued by the Canadian Welding Bureau. 

	1.4 Inspection and Testing 
	.1 Shop and field inspection and testing is to be performed by an Inspection and Testing Firm appointed and paid by the City. 
	.2 Pay all additional costs for inspection and re-inspection due to defective workmanship or materials. 
	.3 If requested by the Contract Administrator, submit four (4) copies of mill test reports, properly correlated to materials actually used. 
	.4 Radiographic and magnetic particle inspection of welds is to be performed by the Inspection and Testing Firm, in accordance with CSA W59 and ASTM E109, when required by the Contract Administrator. 
	.5 Welds are to be considered defective if they fail to meet quality requirements of CSA W59. 
	.6 Additionally, all welds are to be visually inspected. 
	.7 High Tensile bolted connections are to be inspected and tested in accordance with CSA S16.1. 

	1.5 Shop Drawings, Submittals 
	.1 Submit Shop Drawings for review in accordance with the Section 01300 – Submittals. 
	.2 Provide a fabrication and erection schedule to the Contract Administrator prior to commencement of shop fabrication and field erection, in ample time to allow proper scheduling of inspection and testing. 
	.3 Submit details of typical connections and special connections for review prior to preparation of Shop Drawings. 
	.4 Shop Drawings and design briefs are to bear the seal and signature of a Professional Engineer registered in the Province of Manitoba. 
	.5 Clearly indicate profiles, sizes, spacing, and locations of structural members, connections, attachments, reinforcing, anchorage, size and type of fasteners, cambers and loads, accessories, and setting details. 
	.6 Include erection drawings, elevations, and details. 
	.7 Indicate welded connections using welding symbols in compliance with CISC Welding Standards.  Clearly indicate net weld lengths. 
	.8 Shop Drawing review by the Contract Administrator is solely to ascertain conformance to the general design concept. 
	.9 Responsibility for approval of detail design inherent in Shop Drawings rests with the Contractor and review by the Contract Administrator shall not imply such approval. 
	.10 Review shall not relieve the Contractor of his responsibility for errors or omissions in Shop Drawings or for proper completion of the Work in accordance with the Contract Documents. 
	.11 Responsibility for verification and correlation of field dimensions, fabrication processes, techniques of construction, installation, and coordination of all parts of the Work rests with the Contractor. 

	2. PRODUCTS 
	2.1 Materials 
	.1 All materials shall be new. 
	.2 Structural steel: conforming to CSA G40.21, Type W with minimum yield strength of 350 MPa. 
	.3 Hollow structural sections: conforming to CSA G40.21, Type W, minimum yield strength of 350 MPa, Class C. 
	.4 Miscellaneous steel: conforming to CSA G40.21, Type W with minimum yield strength of 300 MPa. 
	.5 Bolts, nuts, and washers: conforming to ASTM A325; galvanized or painted to match fastened items. 
	.6 Welding materials: conforming to CSA W59. 
	.7 Interior structural steel primer: CISC/CPMA 2-75. 
	.8 Galvanizing: conforming to CAN/CSA-G174; touch-up with Galvalume. 
	.9 Monorail: to be supplied and installed under Section 14550 – Monorail and Hoists. 

	2.2 Fabrication 
	.1 Fabricate structural steel members in accordance with CSAS16.1 and CSA S136. 
	.2 Verify all drawing dimensions prior to commencing fabrication. 
	.3 Provide connections for design loads indicated on the Drawings and to NBCC. 
	.4 Provide for field connections to be bolted except where field welded connections are shown on the Drawings.  Bolted connections shall be bearing-type connections with the thread excluded from the planes of shear. 
	.5 All shop connections are to be welded. 
	.6 All exposed welds shall be of smooth neat appearance; grind or file if required. 
	.7 Design and detail connections for structural steel so that corrosion potential is minimized. 

	2.3 Shop Priming 
	.1 Structural steel shall be primed at the fabrication shop. 
	.2 Clean all members to remove loose mill scale, rust, oil, dirt, and other foreign matter.  Prepare surfaces to be primed according to SSPC SP7. 
	.3 Apply primer in the shop to all steel surfaces, except: 
	.1 Surfaces to be encased in concrete. 
	.2 Surfaces and edges to be field welded. 

	.4 Apply primer under cover, on dry surfaces only, and when surface and air temperatures are above 5°C. 
	.5 Maintain dry condition and 5°C minimum temperature until primer is thoroughly dry. 
	.6 Patch prime sharp edges and corners one coat before full coat is applied. 
	.7 Apply primer by brush or spray to specified dry film thickness. 


	3. EXECUTION 
	3.1 Damaged Members 
	.1 Repair or replace members damaged during transit or erection before securing in position. 

	3.2 Erection 
	.1 Erect structural steel in accordance with CSA S16.1 and Drawings. 
	.2 Field connections are to be bolted wherever possible. 
	.3 Do not field weld wet surfaces or during rain unless under cover. 
	.4 Do not weld at temperature below 5°C except with express permission of the Contract Administrator. 
	.5 Conform to requirements of CSA W59 for minimum preheat and interpass temperatures. 
	.6 Make adequate provision for all erection loads, and for sufficient temporary bracing to maintain structure safe, plumb, and in true alignment until completion of erection and installation of necessary permanent bracing. 
	.7 Use only light drifting to draw parts together.  Enlarge holes for bolted connections with reamers or twist drill only.  Do not burn to form holes, enlarge holes, or match unfair holes. 
	.8 Erection error is not to exceed requirements of CSA S16.1. 
	.9 Obtain Contract Administrator’s written permission prior to field cutting or altering structural members. 
	.10 Bolt tightening to be done in accordance with Turn-of-Nut tightening as per CSA S16.1. 
	.11 After erection, field prime welds and touch-up abrasions and damaged surfaces. 
	.12 Supply to appropriate Sections items, such as masonry support weld plates, to be cast into concrete complete with necessary setting templates. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Metal roof deck complete with cover plates, closures, flashing, fastenings, and installation 
	.2 Angle framing around openings up to 450 mm maximum in any dimension 
	.3 Cut openings through deck 

	1.2 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Clearly indicate decking plan, deck profile dimensions and thicknesses, anchorage, supports, projections, openings and reinforcement, closures, flashings, applicable accessories, and details. 
	.3 Shop Drawings and design briefs are to be signed and sealed by a Professional Engineer registered in the Province of Manitoba. 

	1.3 Design 
	.1 Design deck to safely support live and dead loads shown on Drawings and in accordance with CSA S136.  If applicable, ensure ponding affects are included. 
	.2 Maximum working stress under full live and dead loads shall not exceed 140 MPa. 
	.3 Live load deflection shall not exceed 1/240 of span. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Metal: galvanized sheet steel conforming to ASTM A653M SS Grade 230 with zinc coating of Z275 galvanized. 

	2.2 Deck and Related Accessories 
	.1 Roof deck: minimum 0.76 mm thickness or as indicated on the Drawings, base sheet steel, galvaneal, three (3) equal spans, 38 mm deep profile. 
	.2 Roof deck to be style RD938 as manufactured by Vicwest or style P-3615 as manufactured by Canam Group. 
	.3 Closure strips, flashing, and cover plates: minimum 0.76 mm thickness base sheet steel, galvaneal coating, of required profiles and sizes. 

	2.3 Fabrication 
	.1 Fabricate metal deck in accordance with requirements of CSA S136, and CSSBI Standards and Drawings. 
	.2 Fabricate deck with interlocking side laps. 
	.3 Fabricate to generally span over three (3) or more supports unless shown otherwise on the Drawings. 


	3. EXECUTION 
	3.1 Damaged Members 
	.1 Repair or replace sections damaged during transit or erection before securing in position. 

	3.2 Installation 
	.1 Erect metal deck in accordance with requirements of CSSBI and the Drawings.  Align and level deck on structural supports. 
	.2 Locate all end joints over supports. 
	.3 Lap all end joints on non-cellular deck 75 mm minimum. 
	.4 Maintain minimum end bearing on steel supports of 50 mm for deck up to 45 mm deep. 
	.5 Maintain minimum end bearing on masonry supports of 100 mm for deck up to 45 mm deep. 
	.6 Lay out lines of supporting steel on top surface of deck to produce accurate welds and prevent burns through deck from improper weld location. 
	.7 Welding shall be done by qualified welders who shall make practice welds.  Prior to actual job welding, practice welds shall be made on the deck to be used to check adequacy of the welding rod amperage and burn off rate to produce satisfactory fusion for the various welds required.  Both the practice welds and actual job welds shall be inspected by the steel deck erector as to size and spacing and tested by pry tests to assure metal to metal fusion. 
	.8 Fasten to all supports with 20 mm diameter fusion welds at 300 mm on center maximum. 
	.9 Mechanically fasten sidelaps at 600 mm on center by button punch. 
	.10 Install angle or channel closures full length on all deck openings. 
	.11 Install acoustical closures over all walls. 
	.12 Cut all holes required in deck for roof hold downs and mechanical and electrical requirements. 
	.13 Reinforce openings up to 450 mm in any dimension with 55 x 55 x 6 mm steel angles.  Place reinforcing angles at right angles to ribs, extend out two ribs each side and weld. 
	.14 Install deck to provide flat upper surface, with all flange surfaces touching a 1200 mm straight edge over structural supports. 
	.15 If two or more adjacent flanges on any deck section are concave or convex so that only edges or crowns touch straight edge, repair or replace deck sections. 
	.16 Immediately after installation, touch up welds, burned areas, and damaged areas of zinc coating with minimum two (2) coats of zinc rich primer. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Design details and connections, where not shown on Drawings, in accordance with CAN/CSA-S16, CSA S136, and CSA S136.1. 

	1.2 Quality Assurance 
	.1 Retain a Professional Engineer registered in the Province of Manitoba, with experience in work of comparable complexity and scope, to perform the following services as part of the Work of this Section: 
	.1 Design metal fabrication items as required to resist live, dead, lateral, wind, and seismic loads. 
	.2 Structural design. 
	.3 Review, stamp, and sign Shop Drawings. 
	.4 Conduct shop and Site inspections. 
	.5 Prepare and submit inspection reports. 

	.2 Do steel welding to CSA W59 by fabricators certified by the Canadian Welding Bureau to CSA W47.1. 

	1.3 Submittals 
	.1 Shop Drawings:  Bearing professional seal and signature of the Professional Engineer responsible for the engineering design.  Show work of this Section including large scale detail of members and materials, of connection and jointing details, and of anchorage devices, dimensions, thicknesses, description of materials, metal finishing, as well as other pertinent data and information. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Structural Steel Shapes, Plates:  CAN/CSA-G40.20-G40.21-M, Grade 350W. 
	.2 Hollow Structural Steel Sections:  CAN/CSA-G40.20/G40.21-M, Grade 350W, Class C. 
	.3 Galvanized Sheet Steel:  ASTM A653/A653M Grade A, Z275 Commercial Quality zinc coating, size and shape as shown. 
	.4 Stainless Steel Shapes:  ASTM A484/A484M, Type 304 to AISI No. 4 finish. 
	.5 Stainless Steel Sheet and Plate: ASTM A167, Type 304 to AISI No. 4 finish. 
	.6 Fasteners:  Bolts, nuts, washers, rivets, lock washers, anchor bolts, machine screws and machine bolts hot dipped galvanized to CSA G164.  For joining stainless steel components use stainless steel fasteners. 
	.7 Primer Paint:  CISC/CPMA 2-75. 
	.8 Galvanized Primer Paint:  Organic zinc rich primer. For galvanized fabrications where touchup is to remain unpainted in finished work:  Inorganic zinc rich primer, Galvafroid by W.R. Meadows of Canada Ltd. 
	.9 Grout:  Non shrink, non metallic, flowable, 24h, 15 MPa (2100 psi), pull out strength 7.9 MPa (1150 psi). 
	.10 Drilled Anchors:  RAWL by Anchor Construction Industrial Products or HSL by Hilti Inc. heavy-duty anchors, sizes to suit. 

	2.2 Fabrication 
	.1 Verify dimensions of installed Work before commencing fabrications and report any discrepancies to Contract Administrator. 
	.2 Fit and assemble Work in shop where possible.  Execute work in accordance with details and reviewed Shop Drawings.  Where shop fabrication is not possible, make trial assembly in shop. 
	.3 Seal exterior steel fabrications against corrosion in accordance with CAN/CSA S16.1. 
	.4 Unless indicated otherwise, provide welded connection for work of this Section. 
	.5 Carefully make and fit details.  Take special care with exposed finished Work to produce a neat and correct appearance to Contract Administrator’s acceptance. 
	.6 Assemble members without twists or open joints. 
	.7 Correctly size holes for connecting Work of other Sections where such can be determined prior to fabrication.  Where possible, show holes on shop drawings.  Place holes not to cause appreciable reduction in strength of member. 

	2.3 Welding 
	.1 Perform welding by electric arc process. 
	.2 Execute welding to avoid damage or distortion to Work.  Execute welding in accordance with following standards: 
	.1 CSA W48:  For welding materials.  If rods are used, only coated rods are allowed. 
	.2 CSA W59:  For design of connections and workmanship. 
	.3 CAN/CSA W117.2:  For safety. 

	.3 Thoroughly clean welded joints and expose metals for a sufficient distance to perform welding operations. 
	.4 Test welds for conformance and remove work not meeting specified standards and replace to Contract Administrator’s acceptance. 
	.5 Continuous weld all joints for the full length of each joint.  Finish exposed welds smooth and flush, file, or grind as required. 

	2.4 Anchors and Fastening 
	.1 Use weld studs of size not larger than 10 mm for attaching miscellaneous materials and equipment to building steel. If weight of item requires larger fasteners use clips or brackets and secure by welding or through bolting. 
	.2 Use self-drilling expansion type concrete anchors for attaching to masonry and concrete. 

	2.5 Inserts and Hangers 
	.1 Install inserts, hangers, and supports. Make inserts drilled type. 
	.2 Before openings are cut through structure, obtain Contract Administrator's written acceptance for procedures, locations and reinforcements required. 

	2.6 Shop Priming 
	.1 Clean steel to SSPC SP6 and remove loose mill scale, weld flux and splatter. 
	.2 Shop prime steel with one coat of primer paint to dry film thickness of 0.07 mm.  Paint on dry surfaces, free from rust, scale, grease.  Do not paint when temperature is lower than 7°C. Paint items under cover and leave under cover until primer is dry.  Follow paint Manufacturer's recommendations regarding application methods, equipment, temperature, and humidity conditions. 
	.3 Clean but do not prime surfaces to be field welded. 
	.4 Do not prime surfaces embedded in concrete, clean as if they were to be primed. 
	.5 Do not prime machine finished surfaces, but apply an effective anti-rust compound. 
	.6 Take precautions to avoid damage to adjacent surfaces. 

	2.7 Hot Dip Galvanizing 
	.1 Hot dip galvanize, after fabrication, steel metal fabrication items.  Straighten shapes and assemblies true to line and plane after galvanizing.  Repair damaged galvanized surfaces with brush or spray-applied anti-corrosion coating containing 92 to 95% zinc, in accordance with Manufacturer's printed directions. 
	.1 Members exposed to elements when in final location. 
	.2 Members embedded on exterior side of exterior walls. 
	.3 Members imbedded in concrete. 
	.4 Members specified in this Section or indicated on Drawings. 

	.2 Hot-dip galvanize members in accordance with CAN/CSA G164 and requirements of the following ASTM standards, with minimum coating weights or thicknesses as follows: 
	.1 Rolled, Pressed and Forged Steel Shapes, Plates, Bars and Strips:  ASTM A123/A123M; average weight of zinc coating of actual surface 
	.1 4.8 mm (3/16”) and less member thickness:  600 g/m2 
	.2 6 mm (1/4”) and heavier members:  640 g/m2 

	.2 Iron and Steel Hardware:  ASTM A153/A153M; minimum weight of zinc coating, in gram per square meter of surface, in accordance with Table 1 for the various classes of materials used in the Work. 


	2.8 Stainless-Steel Finishes 
	.1 Directional Polish:  No. 4 bright satin finish.  Grind and polish surfaces to produce uniform, directionally textured, polished finish, free of cross scratches.  Run grain with long dimension of each piece. 


	3. EXECUTION 
	3.1 Examination 
	.1 Verify dimensions and conditions of previously installed work, upon which this Section depends, and coordinate repairs, alterations, and rectification if necessary. 
	.2 Obtain Contract Administrator’s written approval prior to field cutting or altering of structural members. 

	3.2 Erection 
	.1 Fit joints and intersecting members accurately. Make Work in true planes with adequate fastenings.  Build and erect Work plumb, true, square, straight, level and accurate to sizes detailed, free from distortion or defects detrimental to appearance or performance. 
	.2 Perform drilling of concrete as required to fasten Work of this Section. 
	.3 Unless otherwise indicated, grout set work in concrete with non-shrink grout.  Trowel surface smooth and flush with adjacent surfaces. 
	.4 Insulate metals where necessary to prevent corrosion due to contact between dissimilar metals and between metals and masonry, concrete or plaster.  Use bituminous paint, butyl tape, building paper or other approved means. 

	3.3 Field Painting 
	.1 Paint bolt heads, washers, nuts, field welds and previously unpainted items.  Touch up shop primer damaged during transit and installation, with primer to match shop primer. 

	3.4 Schedule of Metal Works 
	.1 General:  Supply and install metal work indicated on Drawings and not included in work of other Sections in addition to items listed below.  Where items are required to be built into masonry, concrete or other work supply such items to respective Sections with all anchors and accessories for building in. 
	.2 Itemized List:  Supply and install following metal work unless specifically designated to be supplied only.  List supplied herein is not necessarily complete and shall be augmented by thorough inspection of Drawings and all other requirements to complete Work.  Each item shall be as indicated on Drawings and as detailed on reviewed shop drawings: 
	.3 Overhead and Coiling Door Supports:  Structural channel sections, selected for trueness of web and flange, with joints welded and ground smooth.  Supply bar stop and bent bar anchors for anchorage to masonry or concrete as required. Fit frames with temporary spreaders to prevent frame from springing out of shape. 
	.4 Lintels:  Size width 25 mm maximum less than width of wall.  Unless otherwise shown, fabricate lintels in block walls of steel sections. 
	.5 Support Framing Systems:  Welded construction, complete with anchors, brackets, sleeves, screws and incidentals required to complete installations.  Provide steel support for interior and exterior work including and not limited to: 
	.1 Parapet flashing, angles, and channels to provide framing at cants, curbs, and parapets. 
	.2 Steel framing for louvre openings. 
	.3 Stainless steel channel wall framing at perimeter of glass block panels. 
	.4 Support brackets and welded plates. 
	.5 Masonry support angles. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Comply with CSA S157/A157.1 for strength design in aluminium work. 
	.2 Design railings, balustrade, and landing construction and connections to requirements of the building code and other authorities having jurisdiction.  Maximum deflection of L/360 of clear span. 
	.3 Floor Covers and Platform Grating:  Unless otherwise indicated, minimum uniform loading of 976 kg/m2. (200 psf) at maximum deflection of L/360 of clear span. 

	1.2 Quality Assurance 
	.1 Retain a Professional Engineer registered in the Province of Manitoba, with experience in work of comparable complexity and scope, to perform the following services as part of the Work of this Section: 
	.1 Design aluminium fabrication items as required to resist live, dead, lateral, wind, and seismic loads. 
	.2 Structural design. 
	.3 Review, stamp, and sign shop drawings. 
	.4 Conduct shop and Site inspections. 
	.5 Prepare and submit inspection reports. 

	.2 Do aluminium welding to CSA W59.2 by fabricators certified by the Canadian Welding Bureau to CSA W47.2. 

	1.3 Submittals 
	.1 Shop Drawings:  Bearing professional seal and signature of the Professional Engineer responsible for the engineering design.  Show work of this Section including large scale detail of members and materials, of connection and jointing details, and of anchorage devices, dimensions, thicknesses, description of materials, aluminium finishing, as well as other pertinent data and information. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Aluminium Plates, Shapes and Extrusions:  6061-T6 alloy, anodizing quality. 
	.2 Welding Rods, Aluminium:  5356 alloy. 
	.3 Grating:  Rectangular grate opening, 30 mm centre bearing bars, 100 mm centre cross bars, welded construction, corners and junctions ground smooth.  Weld perimeter banding bars, same size as bearing bars, at grating edges and openings.  Attach welded anchors at 600 mm centres. 
	.4 Stair Tread Grating:  Rectangular grating, 30 mm centre bearing bars, 100 mm centre cross bars, welded construction, corners and junctions ground smooth, slip resistant and colour contrast nosing.  Weld perimeter banding bars, same size as bearing bars, at grating edges. 
	.5 Fasteners:  Stainless steel bolts, nuts, washers, rivets, lock washers, anchor bolts, machine screws and machine bolts. 
	.6 Galvanized Primer Paint:  Organic zinc rich primer. For galvanized fabrications where touch-up is to remain unpainted in finished work:  Inorganic zinc rich primer, Galvafroid by W.R. Meadows of Canada Ltd. 
	.7 Grout:  Non shrink, non metallic, flowable, 24h, 15 MPa (2100 psi), pull out strength 7.9 MPa (1150 psi). 
	.8 Drilled Anchors:  RAWL by Anchor Construction Industrial Products or HSL by Hilti Inc. heavy-duty anchors, sizes to suit. 

	2.2 Fabrication 
	.1 Verify dimensions of installed Work before commencing fabrications and report any discrepancies to Contract Administrator. 
	.2 Fit and assemble Work in shop where possible.  Execute Work in accordance with details and reviewed Shop Drawings.  Where shop fabrication is not possible, make trial assembly in shop. 
	.3 Unless indicated otherwise, provide welded connection for work of this Section. 
	.4 Carefully make and fit details.  Take special care with exposed finished Work to produce a neat and correct appearance to Contract Administrator’s acceptance. 
	.5 Assemble members without twists or open joints. 
	.6 Correctly size holes for connecting Work of other Sections where such can be determined prior to fabrication.  Where possible, show holes on shop drawings.  Place holes not to cause appreciable reduction in strength of member. 

	2.3 Welding 
	.1 Execute welding to avoid damage or distortion to Work.  Execute welding in accordance with following standards: 
	.1 CSA W48:  For welding materials.  If rods are used, only coated rods are allowed. 
	.2 CSA W59.2:  For design of connections and workmanship. 
	.3 CAN/CSA W117.2:  For safety. 

	.2 Thoroughly clean welded joints and expose aluminium surfaces for a sufficient distance to perform welding operations. 
	.3 Test welds for conformance and remove work not meeting specified standards and replace to Contract Administrator’s acceptance. 
	.4 Continuous weld all joints for the full length of each joint.  Finish exposed welds smooth and flush, file, or grind as required. 

	2.4 Anchors and Fastening 
	.1 Use weld studs of size not larger than 10 mm for attaching miscellaneous materials and equipment to building structure.  If weight of item requires larger fasteners use clips or brackets and secure by welding or through bolting. 
	.2 Use self-drilling expansion type concrete anchors for attaching to masonry and concrete. 

	2.5 Inserts and Hangers 
	.1 Install inserts, hangers, and supports. Make inserts drilled type. 
	.2 Before openings are cut through structure, obtain Contract Administrator's written acceptance for procedures, locations and reinforcements required. 

	2.6 Aluminium Finishes 
	.1 Clear Anodic Finish:  AA-M12C22A41, as fabricated nonspecular mechanical finish, medium matte etched chemical finish, architectural class I clear anodic coating of minimum 18 µm (0.7 mil) thick complying with AAMA 611. 


	3. EXECUTION 
	3.1 Examination 
	.1 Verify dimensions and conditions of previously installed work, upon which this Section depends, and coordinate repairs, alterations, and rectification if necessary. 
	.2 Obtain Contract Administrator’s written approval prior to field cutting or altering of structural members. 

	3.2 Erection 
	.1 Fit joints and intersecting members accurately.  Make Work in true planes with adequate fastenings.  Build and erect Work plumb, true, square, straight, level and accurate to sizes detailed, free from distortion or defects detrimental to appearance or performance. 
	.2 Perform drilling of concrete as required to fasten Work of this Section. 
	.3 Continuously weld connections for railings, and anchor directly to stringers.  Where rails return to wall have end returns and wall brackets. 
	.4 Unless otherwise indicated, grout set work in concrete with non-shrink grout.  Trowel surface smooth and flush with adjacent surfaces. 
	.5 Insulate aluminium where necessary to prevent corrosion due to contact between dissimilar metals and between aluminium and masonry, or concrete.  Use bituminous paint, butyl tape, building paper or other approved means. 

	3.3 Schedule of Aluminium Works 
	.1 General:  Supply and install work indicated on Drawings and not included in work of other Sections in addition to items listed below.  Where items are required to be built into masonry, concrete or other work supply such items to respective Sections with all anchors and accessories for building in. 
	.2 Itemized List:  Supply and install following Work unless specifically designated to be supplied only.  List supplied herein is not necessarily complete and shall be augmented by thorough inspection of Drawings and all other requirements to complete Work.  Each item shall be as indicated on Drawings and as detailed on reviewed shop drawings: 
	.3 Aluminium Stairs: 
	.1 Fabricate stringer of size, construction and attachment to structure as shown. Close exposed ends of stringers with closure plates welded to edges of exposed flange edges. 
	.2 Furnish treads, risers, and landing permanent aluminium plates or gratings as shown. 
	.3 Support treads, risers, and landings as detailed on reviewed shop drawings. 

	.4 Access Ladders:  Construct access ladders of stringers with solid rungs rigidly secured to the stringers.  Supply and install angle clips and anchor bolts to secure the ladders in place. 
	.5 Grating:  Fabricate removable and fixed gratings in sections weighing maximum 75 kg (165 lbs) each.  Secure removable grating in place with minimum of 4 clips per panel.  Weld fixed gratings at approximately 400 mm (16") oc with 25 mm (1") fillets. 
	.6 Handrails and Posts: Close open ends of handrails with 1.9 mm thick closure neatly welded. Supply railings consisting of top rail and intermediate rail, and with matching vertical standards spaced as shown. 
	.7 Checkered Plate Covers:  Diamond shaped raised pattern, of nominal thickness shown exclusive of raised pattern. 






	1-Division 04.pdf
	04051 2006-08-25.doc
	1. GENERAL 
	1.1 Quality Assurance 
	.1 Conform to requirements of CSA A370, CSA A371 and design requirements of CSA S304.1 except where more stringent requirements are noted and/or indicated on Drawings and specified herein. 
	.2 Provide for compartments in long cavity wall and at corners to achieve appropriate pressure equalization and drainage in cavity wall design. 
	.3 Engineered Masonry:  Conform to CSA A371 and CAN3-S304.1 and to details as indicated on structural Drawings. 

	1.2 Samples 
	.1 Submit duplicate full-size units samples or samples of size indicated, of each type of products specified for the Work, cured and finished in manner specified, and physically identical with material or product selected, and that show full range of color and texture variations expected. 
	.1 Masonry Units:  Full size units. 
	.2 Stone Units:  Random size units. 
	.3 Masonry Accessories:  300 mm (12”) long. 
	.4 Coloured Mortar:  150 mm (6”) long. 
	.5 Masonry Reinforcement, Ties and Corners:  300 mm (12”) long, or full size sample. 


	1.3 Test Reports 
	.1 Submit triplicate copies of test reports. 
	.1 Masonry Units and Mortar Ingredients:  Certifying compliance of masonry units and mortar ingredients with specification requirements. 


	1.4 Delivery, Storage, and Handling 
	.1 Deliver materials to Site in dry condition. 
	.2 Keep materials dry until use. 
	.3 Store under waterproof cover on pallets or plank platforms held off ground by means of plank or timber skids. 

	1.5 Environmental Requirements 
	.1 Cold Weather Requirements:  Supplement CSA-A371 with following requirements: 
	.1 Maintain temperature of mortar between 5°C and 50°C until batch is used. 

	.2 Hot Weather Requirements 
	.1 Protect freshly laid masonry from drying too rapidly, by means of waterproof, non staining coverings.  
	.2 Keep masonry dry using waterproof, non-staining coverings that extend over walls and down sides sufficient to protect walls from wind driven rain, until masonry work is completed and protected by flashings or other permanent construction.  
	.3 Protect masonry and other work from marking and other damage. Protect completed work from mortar droppings. Use non-staining coverings.  
	.4 Provide temporary bracing of masonry work during and after erection until permanent lateral support is in place.  


	2. PRODUCTS  (NOT USED) 
	3. EXECUTION 
	3.1 Installation 
	.1 Do masonry work in accordance with CSA-A371 except where specified otherwise. 
	.2 Build masonry plumb, level, true to line, with vertical and horizontal joints in alignment. 
	.3 Layout coursing and bond to achieve correct coursing heights, and continuity of bond above and below openings, with minimum of cutting. 

	3.2 Construction 
	.1 Exposed Masonry:  Remove chipped, cracked, and otherwise damaged units in exposed masonry and replace with undamaged units. 
	.2 Jointing: 
	.1 Concave Joints:  Allow mortar to set just enough to remove excess water, then tool with round jointer to provide smooth, joints true to line, compressed, uniformly concave joints. 
	.2 Flush Joints:  Strike flush all joints concealed in walls and joints in walls to receive plaster, tile, insulation, or other applied material except paint or similar thin finish coating.  

	.3 Cutting 
	.1 Cut out for electrical switches, outlet boxes, and other recessed or built-in objects. 
	.2 Make cuts straight, clean, and free from uneven edges.  

	.4 Building-In 
	.1 Build in items required to be built into masonry. 
	.2 Prevent displacement of built-in items during construction. Check plumb, location and alignment frequently, as work progresses. 
	.3 Brace door jambs to maintain plumb. Fill spaces between jambs and masonry with mortar. 

	.5 Support of Loads 
	.1 Use concrete to requirements of Division 3 Section 03300 – Cast-in-Place Concrete, where concrete fill is used in lieu of solid units. 
	.2 Use grout to CSA A179 where grout is used in lieu of solid units. 
	.3 Install building paper below voids to be filled with concrete or grout; keep paper 25 mm (1”) back from faces of units.  

	.6 Provision for movement 
	.1 Leave 12 mm (1/2”) space below shelf angles. 
	.2 Leave minimum 19 mm (3/4”) mm space or as indicated on Drawings between top of non-load bearing walls and partitions and structural elements. Do not use wedges. 
	.3 Built masonry to tie in with stabilizers, with provision for vertical movement. 

	.7 Loose steel lintels 
	.1 Install loose steel lintels. Centre over opening width. 

	.8 Cavity Walls 
	.1 Construct cavity walls with cavity free of mortar.  Strike mortar joints in both wythes flush at cavity faces. 

	.9 Control joints 
	.1 Construct continuous control joints as indicated. 

	.10 Expansion joints  
	.1 Build-in continuous expansion joints as indicated. 

	.11 Site Tolerances 
	.1 To CSA-A371. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Section 04051 – Masonry Procedures. 

	1.2 Quality Assurance 
	.1 Do mortar and grout work in accordance with CSA A179 except where specified otherwise. 
	.2 Use same brands of materials and source of aggregate for entire Work. 
	.3 Irregularity in mortar joints for wall faces exposed or painted in the completed work:  Not be noticeable when viewed from a distance of 4500 mm (15'-0"). 

	2. PRODUCTS 
	2.1 Materials 
	.1 Colour Additives:  Non-staining, non-fading, ground coloured natural aggregates or metallic oxide pigments. 
	.2 Aggregate:  CSA A179, except that the maximum allowable percentage passing 600 µm (No. 30) sieve shall be 80% and maximum passing 300 µm (No. 50) sieve shall be 50%. 
	.3 Cement:  Normal Portland, CAN/CSA-A3000, Type GU. 
	.4 Hydrated Lime:  ASTM C207; Type S. 
	.5 Integral Water Repellent Admixture for Exterior Concrete Masonry Units and Concrete Mortar:  Liquid polymeric admixture mixed with concrete during manufacture of concrete masonry units and added to mortar during mortar mixing in accordance with Manufacturer’s recommendations.  Integral water repellent admixture system shall provide Class E Rating when tested in accordance with ASTM E514.  Dry Block System by WR Grace. 

	2.2 Mortar Types 
	.1 Mortar for interior and exterior masonry above grade:  CSA A179. 
	.1 Loadbearing:  Type S. 
	.2 Non-Loadbearing:  Type N. 

	.2 Mortar for Stone Masonry Units:  1 part Portland cement, 1 part hydrated lime, 6 parts aggregate by volume. 
	.3 Non-Staining Mortar:  Use non-staining masonry cement for cementitious portion of specified mortar type. 
	.4 Grout:  CSA A179, Table 3. 
	.5 Parging Mortar: Type N. 

	2.3 Mixes 
	.1 Measure and mix mortar materials based on CSA A179 Proportion Specifications. 
	.2 Use Portland cement in mortar for exterior masonry work and masonry cement for interior masonry work. 
	.3 Incorporate admixtures into mixes in accordance with Manufacturer's instructions. 
	.4 Do not mix different types of mortar or grout in the same mixer unless the mixer is thoroughly cleaned first. 
	.5 Type N Mortar:  At Contractor’s option, one of the following: 
	.1 Pre-mixed mortar:  CSA A179, Portland cement/lime/aggregate, Type N, by St. Lawrence Cement Company, Canada Cement, St. Mary Cement or Lake Ontario Cement Ltd.  Mix, use and store in accordance with Manufacturer's instructions to produce small batches for immediate use only.  Discard mixed mortar after 2 hours. 
	.2 Site silo mix: CSA A179, Portland cement/lime/aggregate, Type N, by Mega-Mix Ltd. or Max-Mix Ltd. or Jiffy Concrete Products.  Mix required amount from Site silo as required.  Take representative samples for testing consistency of strength in accordance with CSA A179.  Use mortar within two hours after mixing at temperature of 26°C (79°F), or 21/2 hours at temperatures under 10°C (50°F). 

	.6 Coloured Mortars:  Use clean mixer for coloured mortar.  Use colour additives not exceeding 10% of cement content by mass, or integrally coloured masonry cement, to produce coloured mortar to match approved sample. 
	.1 Architectural Block Mortar:  Colour to match architectural blocks. 

	.7 Pointing Mortar:  Prehydrate pointing mortar by mixing ingredients dry, then mix again adding just enough water to produce damp unworkable mix that will retain its form when pressed into ball.  Allow to stand for not less than 1 hour nor more than 2 hours then remix with sufficient water to produce mortar of proper consistency for pointing.  


	3. EXECUTION 
	3.1 Application 
	.1 Do masonry mortar and grout work in accordance with CSA A179 except where specified otherwise. 
	.2 Parging:  Apply parging in uniform coating not less than total 10 mm (3/8”) thick. 

	3.2 Repointing 
	.1 Repoint defective joints. 
	.2 Cut back joints 13 mm (1/2”) taking care not to damage units.  Remove dust and loose materials by brushing or by water jet.  If water jet is used, allow excess water to drain before repointing. 
	.3 Repoint with same mix and colour as original. 
	.4 Pack mortar tightly in thin layers, and tool joint to match non defective joints. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Division 4 Section 04051 – Masonry Procedures. 

	1.2 Source Quality Control 
	.1 Upon request, provide Contract Administrator with certified copy of mill test report of reinforcement steel and connectors, showing physical and chemical analysis, minimum twenty five (25) calendar days prior to commencing reinforcement work. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Acceptable Products:  Subject to compliance with requirements of this Section, products that may be incorporated into the Work include, but are not limited to, the products specified.  Products by other manufacturers similar in function, design, performance, and construction may be used subjected to Contract Administrator’s prior acceptance. 
	.2 Corrosion Protection:  Steel reinforcing, ties, anchors and connectors and fasteners. 
	.1 Interior Side of Building Air Barrier:  Hot dipped galvanized after fabrication to ASTM A153 B2 coating weight 457 gm/m2 (1.5 oz/ ft2). 
	.2 Exterior Side of Building Air Barrier and Parts of Exterior Wall:  Type 304 stainless steel, ASTM A167 for plates, ASTM A580 for wires. 

	.3 Reinforcing Bar:  CSA G30.18, Grade 400, deformed billet steel bars. 
	.4 Horizontal Reinforcement for Single Wythe Masonry:  CSA A371, 3.66 mm steel longitudinal and cross wires, DA3200 by Dur-O-Wall Limited or BL10 by Blok-Lok Limited.  Width of reinforcing unit shall be 50 mm less than the nominal thickness of the wall.  Provide prefabricated corners and tees. 
	.5 Cavity Wall Ties, Concrete Block Back Up:  Engineered ties, properly sized, consisting of 1.6 mm (0.060”) thick stainless steel connector plate, 4.76 mm (0.19”) diameter stainless steel v ties, and polyethylene insulation support, Block Shear Connector by Fero Corp. 
	.1 Concrete Block Back Up Wythe:  Two wire ladder horizontal reinforcing of 3.66 mm diameter stainless steel side and cross wires. 

	.6 Cavity Wall Ties, Concrete Back Up:  Engineered ties, properly sized, consisting of 1.6 mm (0.060”) thick stainless steel L plate, 4.76 mm (0.19”) diameter stainless steel v ties, and polyethylene insulation support, Heavy Duty Rap-Tie by Fero Corp. 
	.7 Top of Partition Lateral Supports:  10 mm (3/8) steel dowel welded to 2.75 mm (12 gauge) steel base plate with adjustment slots, hot dip galvanized, complete with dowel plastic sleeves and attaching hardware, Masonry Wall-Top Stablizing Anchor by Dur-O-Wal. 


	3. EXECUTION 
	3.1 Installation 
	.1 Do work in accordance with CSA-A370, CSA-A371, and CSA-S304.1 unless indicated otherwise. 
	.2 Prior to placing concrete or grout, obtain Contract Administrator's approval of placement of reinforcement and connectors. 
	.3 Reinforce masonry walls and partitions with continuous reinforcement in every second block.  Provide continuous reinforcing. In cavity wall extend reinforcing from interior masonry, spanning over cavity, into masonry veneer facing. 
	.4 Adjustable masonry reinforcement not permitted to correct poorly laid masonry.  Bending of masonry reinforcement or ties not permitted. 
	.5 At corners of openings provide extra reinforcement, so that first and second courses above and below openings are reinforced.  Extend extra reinforcement 600 mm beyond opening in each direction. 
	.6 Concrete Wall Backups:  Space anchors at maximum 600 mm (24”) each direction, aligned vertically and horizontally. 
	.7 Cavity Wall Ties, Concrete Block Back Up:  Space ties at 800 mm (32”) horizontally and 400 mm (16”) vertically.  Place horizontal reinforcing in back up wythe 400 mm (16”) vertically in alternatives course to ties. 
	.8 Apply insulation retainer at each ties progressively as cavity wall insulation is installed.  Ensure retainer presses insulation in tight and firm contact with air barrier. 
	.9 Top of Partition Lateral Supports:  Mechanically anchor or weld supports to underside of structure, engage supports in full mortar in grooves in sash blocks or head joints.  Space supports at 1800 mm (6' 0") oc. 

	3.2 Field Touch-Up 
	.1 Touch up damaged and cut ends of galvanized reinforcement steel and connectors with compatible finish to provide continuous coating. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Section 040511 – Masonry Procedures. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Acceptable Products:  Subject to compliance with requirements of this Section, products that may be incorporated into the Work include, but are not limited to, the products specified.  Products by other manufacturers similar in function, design, performance, and construction may be used subjected to Contract Administrator’s prior acceptance. 
	.2 Control Joint Filler:  Purpose-made, rubber, size and shape to suit end use as recommended by manufacturer, Rapid Control Joint by Dur-O-Wal. 
	.3 Dampproof Course and Flashing:  Self-adhering modified bitumen membrane reinforced with proprietary polymer facing, minimum thickness 1 mm (40 mils), complete with manufacturer recommended primer and lap adhesive, compatible with air barrier system specified in Section 07270 – Air Barriers, Bueskin TWF Flashing System by Bakor. 
	.4 Weep Hole Vent:  Cellular plastic, one-piece, flexible extrusion made from UV-resistant polypropylene copolymer, full height and width of mortar joint and depth 3 mm (1/8”) less than depth of outer wythe, in color selected from manufacturer's standard. 
	.5 Mortar Dropping Control Device:  Mor-Control by Dur-O-Wal, full thickness of cavity wall air space. 


	3. EXECUTION 
	3.1 Installation – Control Joints and Expansion Joints 
	.1 Control Joints:  Provide control joint fillers in interior and exterior masonry walls as indicated on Drawings and where wall height changes; where wall direction changes; where wall thickness changes; at pipe and column chases; at bond beam breaks; at abutments of columns and walls; at abutment of cold walls to warm walls; at openings in walls such as doors and windows; and at intervals in continuous walls as follows: 
	.1 Up to 2400 mm (8’) high:  9000 mm (30’) to 10500 mm (35’) oc. 
	.2 2400 mm (8’) to 3600 mm (12’) high:  10500 mm (35’) to 12000 mm (40’) oc. 
	.3 Over 3600 mm (12’) high:  12000 mm (40’) to 13500 mm (45’) oc. 

	Expansion Joints: Provide expansion joints within wall construction in locations indicated on Drawings.  Provide joints to receive sealants specified in Section 07900 – Joint Sealant. 

	3.2 Installation - Weep Hole Vents 
	.1 Install weep hole vents in vertical joints immediately over flashings, in exterior wythes of cavity wall and masonry veneer wall construction, at maximum horizontal spacing of 600 mm (24”) oc. 
	.2 Ensure that holes in vents are not plugged with mortar or debris. 
	.3 At walls higher than 2.8 m, provide second course at 2.8 m centres. 

	3.3 Installation – Dampproof Course And Flashing 
	.1 Install dampproof courses and flashings where indicated on Drawings.  If not fully indicated, install in the following locations 
	.1 Exterior Walls, General:  Install flashings and dampproofing courses to provide continuous waterproofing flashing. 
	.2 Interior Walls on Slabs on Grade:  Below first masonry course, full thickness of wythe. 
	.3 Intersection of Masonry Walls With Roofs or Other Exterior, Horizontal Surfaces:  Immediately above roof flashing or horizontal surface flashing and seal to roof, horizontal flashing and air barrier. 
	.4 Cavity Walls:  Full thickness of exterior wythe, horizontally across cavity and through insulation to terminate shingle style with minimum 150 mm (6") vertical leg behind air barrier.  Maintain integrity of air barrier without damaging flashing, membrane and insulation. 
	.5 Non Cavity Wall:  Full thickness of wall. 
	.6 Wall Openings:  Install work over openings in walls, extend past opening minimum of 200 mm (8") and turn up minimum 150 mm (6") at each end to create waterproof dam to prevent water draining into openings. 


	3.4 Installation – Mortar Dropping Control Devices 
	.1 Place mortar dropping control device in air space of cavity walls horizontally starting 200 mm (8”) above the damp proof course and extended full height of wall.  Space devices at maximum 800 mm (32”) horizontally and 400 mm (16”) vertically.  Stagger 50% on the horizontal joint from the previous unit. 
	.1 Ensure mortar droppings are kept to a minimum and do not bridge air space as wythe is erected. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Division 4 Section  Masonry Procedures. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Use normal weight concrete masonry units where finished face exposed to exterior or to earth below grade, or forming part of an exterior wall. 
	.1 S or SC/15/A/M:  Solid block walls exposed to weather, and for other load bearing walls indicated. 
	.2 H/15/A/M:  Locations where structural members bear on concrete block, and where indicated on Drawings:  Fill units solid for top 2 courses of load bearing walls. 

	.2 Where concrete masonry walls are required to act as fire separations or barriers, provide units conforming to the building code with respect to classification, thickness, fire resistant ratings and type of concrete. 
	.3 Special Shapes:  Provide bull-nosed and double bull nosed units for exposed corners. Provide purpose-made shapes for lintels and bond beams. Provide additional special shapes as indicated. 

	2.2 Concrete Masonry Units 
	.1 Standard Concrete Block Units:  CAN3-A165 Series, modular size. 
	.2 Architectural Concrete Block Units:  CAN3-A165 Series, modular size. integral water repellent treated to yield resistance to water penetration for 62 hours when tested to ASTM E514, .#305 Charcoal Smooth Face by CCI Industries. 
	.3 Acoustical Blocks:  CAN3-A165 Series, modular size, purpose made with slots to provide the acoustical characteristics specified.  
	.1 Noise Reduction Coefficients (NRC):  0.85 for 290 mm wide units with slots and cavities with noncombustible fibrous filler elements when surface painted before testing. 



	3. EXECUTION 
	3.1 Installation - Concrete Masonry Units 
	.1 Lay block to align plumb over each other with thick ends of webs up.  Leave no cells open in exposed work. 
	.2 Minimize cutting block.  Cut exposed block with power driven abrasive cutting disc or diamond cutting wheel where cutting is required and for flush mounted electrical outlets, grilles, pipes, conduit, leaving 3 mm (1/8”) maximum clearance. 
	.3 Do not wet concrete masonry before or during laying in wall. 
	.4 Bond: 
	.1 Running Bond:  Stagger end joints in every course.  Align joints plumb over each other in every other course. 
	.2 Stack Bond:  Align joints plumb over each other in every course. 

	.5 Buttering corners of units, throwing mortar droppings into joints, deep or excessive furrowing of bed joints will not be permitted.  Do not shift or tap units after mortar has taken initial set. Where adjustment must be made after mortar has started to set, remove mortar and replace with fresh supply. 
	.6 Lay all joints approximately 10 mm (3/8”) thick unless otherwise specified or otherwise indicated on Drawings.  Fill joints full of mortar except where specifically designated to be left open. 
	.7 Jointing:  When mortar is thumb print hard, tool joints slightly concave for exposed work; elsewhere, strike joints flush.  Use sufficient force to press mortar tight against masonry units on both sides of joints.  Remove excess material or burrs left after jointing.  Use trowel or rub with burlap bag. 
	.8 Locate corners accurately. 
	.9 Use bullnose and double bullnose block at sills and all external corners from second bottom course to top of partition where block is left exposed. 
	.10 Use square nose units at bottom course at external corner.  Grind smooth corners to match bullnose units above, from top of flooring base. 
	.11 Use full bed of mortar for first course.  For remaining courses bed face shells and cross and end webs and vertical end joints fully in mortar.  Compress end joint mortar. 
	.12 Bond intersecting block walls in alternate courses with metal anchors.  Where blockwork abuts concrete, bond each block course with dovetail anchors. 
	.13 Do not break bond of walls of exposed units where partitions intersect and if bonding would show through on exposed face of walls.  Bond these partitions, to walls they intersect, with prefabricated intersection masonry anchor reinforcement in each course. 

	3.2 Interior Load Bearing And Non-Load Bearing Partitions 
	.1 Load Bearing Walls:  Carry load bearing partitions to structure above, wedge and grout..  Rake out full mortar joint between partition and structure for a depth of 13 mm (1/2") on 1 side for sealing specified under Division 7 Section 07900 – Joint Sealants.  Rake joint shall be on side of suspended ceiling (if any).  If no ceiling then on side as directed. 
	.2 Non-Loading Bearing Partitions:  Extend partitions in areas without suspended ceilings and other partitions indicated on Drawings, up through ceiling to structure above, unless indicated or specified otherwise:  Terminate partitions minimum 19 mm (3/4") or as shown on Drawings, below structure and fill space between top of masonry and structure with compressible packing insulation. 
	.3 Terminate remainder of masonry partitions minimum of 100 mm (4") above finished suspended ceilings. 

	3.3 Installation - Concrete Block Lintels 
	.1 Install reinforced concrete block lintels over openings in masonry where steel or reinforced concrete lintels are not indicated. 
	.2 End bearing:  Not less than 200 mm (8”). 

	3.4 Cleaning 
	.1 Standard and Architectural Units:  Allow mortar droppings on masonry to partially dry then remove by means of trowel, followed by rubbing lightly with small piece of block and finally by brushing. 
	.2 Pointing:  Clean block faces using soft cloths before mortar hardens rake to 10 mm (3/8”).  After completion of block laying fill joints with pointing mortar then point to provide concave joints.  Repeat cleaning of faces. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Division 4 Section  Masonry Procedures. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Acceptable Products:  Subject to compliance with requirements of this Section, products that may be incorporated into the Work include, but are not limited to, the products specified.  Products by other manufacturers similar in function, design, performance, and construction may be used subjected to Contract Administrator’s prior acceptance. 
	.2 Stone, General:  Hard, durable, well seasoned and of uniform strength, colour and texture, free of harmful quantities of radiation, or other mineral or organic defects. 
	.1 Limestone:  ASTM C568, smooth face, ashlar course, random lengths and heights, 90 to 100 mm bed thickness, 200 mm course heights, Tyndall Limestone buff colour by Gillis Quarries Limited. 



	3. EXECUTION 
	3.1 Installation 
	.1 Clean stone by washing with water before laying. 
	.2 Lay heavy stones and projecting stones after mortar in courses below has hardened sufficiently to support weight. 
	.3 Prop and anchor projecting stones until wall above is set. 
	.4 Set large stones on water soaked softwood wedges to support stone in proper alignment until mortar has set. Remove wedges when dry, do not break off, grout holes with matching mortar. 
	.5 Remove mortar droppings and splashings from face of stone before mortar is set. Sponge stone free of mortar along joints as work progresses. 
	.6 Tool joints after initial set has occurred to concave finish. 
	.7 Arrange random coursed ashlar stone pattern so that no vertical joint is higher than highest course height being used, no horizontal joint is more than five stones long and no two stones of same height are placed end to end.  End stones 100 mm long. 

	3.2 Cleaning 
	.1 After mortar has completely set brush stone work with stiff brush using mild alkaline abrasive cleaner that contains no caustic or harsh fillers. 
	.2 Rinse with clear water to remove foreign matter. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Forms for all concrete and supporting falsework including design. 
	.2 Wood or steel forms for all cast-in-place concrete. 
	.3 Void forms between structural elements and soil below. 
	.4 Shoring, bracing, and anchorage. 
	.5 Form openings for other trades. 
	.6 Coordinate installation of concrete accessories. 
	.7 Set anchor bolts, anchors, sleeves, frames, and other items supplied by other trades. 
	.8 Clean erected formwork prior to concrete placement. 
	.9 Remove forms and supporting falsework. 
	.10 Design Standards NBC, Canadian Standards Association CAN/CSA-A23.1-00, CSA S269.1, CAN/CSA S269-3, ACI 347R, and applicable construction safety regulations. 
	.11 Design to be done by a Professional Engineer registered in the Province of Manitoba. 

	1.2 Quality Assurance 
	.1 Construct and erect concrete formwork in accordance with CAN/CSA-A23.1-00, CAN/CSA S269.3, ACI 347R, and all applicable construction safety regulations for the place of Work. 

	1.3 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Clearly indicate sizes, methods of construction, materials, arrangement of joints, ties and shores, location and size of falsework, schedule of erection and stripping, reshoring, etc. 
	.3 Shop Drawings and design briefs are to bear the seal of a Professional Engineer registered in the Province of Manitoba. 
	.4 Formwork, falsework, and reshoring shall be reviewed by the same Professional Engineer prior to each concrete pour.  The Professional Engineer shall submit a written report confirming that formwork, falsework, and reshoring are in accordance with the design. 

	2. PRODUCTS 
	2.1 Exposed Surfaces 
	.1 Square edged, smooth surfaced panels true in plane, free of holes, surface markings, or defects. 

	2.2 Unexposed Surfaces 
	.1 Square-edged T&G lumber, plywood or other material, suitable to retain concrete without leakage or distortion. 

	2.3 Wood Materials 
	.1 Plywood:  Douglas Fir, conforming to CSA O121 M solid one side, sheathing grade.  Sound undamaged sheets with clean true edges. 
	.2 Lumber:  conforming to CAN/CSA O141. 
	.3 Nails, Spikes and Staples:  galvanized; conforming to CSA B111. 

	2.4 Prefabricated Forms 
	.1 Steel Type:  minimum 1.6 mm steel thickness; well matched, tight fitting, and adequately stiffened to support weight of concrete without deflection detrimental to structural tolerances and appearance of finished concrete surface. 
	.2 Tubular Column Type:  round, spirally wound laminated fibre material, internally treated with release agent: sizes indicated on Drawings. 
	.3 Void Form:  moisture resistant treated paper faces, bio-degradable, structurally sufficient to support weight of wet concrete mix until initial set and construction loads.  Top of Void Form shall be protected with sheet material in accordance with Manufacturer’s and construction requirements.  Side protection for Void Form shall be one (1) layer 19 mm thick pressure treated plywood sheeting. 

	2.5 Accessories 
	.1 Form Ties:  removable snap-off metal type, fixed length, minimum working strength of 13 kN when assembled with minimum 25 mm deep plastic cone snap type or screw type on exposed surfaces.  Wire ties are not permitted.   
	.2 Form Release Agent:  colourless mineral oil which will not stain concrete or impair natural bonding or colour characteristics of coating intended for use on concrete. 
	.3 Corner or Chamfer Fillets:  mill finished pine, widths as indicated on the Drawings, maximum possible lengths, mitre ends. 
	.4 Reglets:  mill finished pine, shaped to required cross-section, maximum possible lengths, mitre ends. 
	.5 Vapour barrier:  0.15 mm clear polyethylene film, with self adhesive polyethylene or PVC tape for sealing joints.  Vapour barrier to CAN/CGSB-51.34. 
	.6 Sealing Tape:  reinforced, self-adhesive, waterproof kraft. 


	3. EXECUTION 
	3.1 Erection 
	.1 Verify lines, levels, and centres before proceeding with formwork.  Ensure dimensions agree with Drawings. 
	.2 Construct formwork and falsework to meet design and regulatory requirements, and to produce finished concrete conforming to surfaces, shapes, lines, and dimensions indicated on Drawings. 
	.3 Arrange and assemble formwork to permit removal without damage to concrete. 
	.4 Align joints and make watertight to prevent leakage of cement paste and disfiguration of concrete.  Keep form joints to a minimum.  Tape as necessary. 
	.5 Arrange forms to allow removal without removal of principal shores, where these are required to remain in place. 
	.6 Obtain Contract Administrator's acceptance before framing openings in concrete slabs, walls, beams, and columns not indicated on Drawings. 
	.7 Provide falsework to ensure stability of formwork.  Brace or strengthen all previously constructed parts liable to be overstressed by construction loads. 
	.8 Position form joints to suit any expressed lines required in exposed concrete. 
	.9 Provide chamfer on all internal and external corners and edges of exposed concrete unless shown otherwise. 
	.10 Form chases, slots, openings, drips, and recesses as detailed on Drawings. 
	.11 Set screeds with top edge level to required elevations. 
	.12 Check and readjust formwork to required lines and levels during placing of concrete. 
	.13 Coordinate location construction joints for walls, beams, and suspended slabs with the Contract Administrator prior to erecting formwork. 
	.14 Provide reveals or reglets on construction joints as shown on the Drawings. 

	3.2 Void Form 
	.1 Void forms shall be placed on prepared surfaces of levelling sand so that the top of the void forms present flat forming surfaces. 
	.2 Wrap tops and sides of void forms with vapour barrier. 
	.3 Install sheet material protection over top of void forms. 
	.4 Install side protection plywood around the perimeter of all void form to prevent backfill material from entering the void spaces. 

	3.3 Tolerance 
	.1 Construct formwork to produce concrete with dimensions, lines, and levels within tolerances specified in ACI 347R, Guide to Formwork for Concrete. 
	.2 Camber slabs and beams 6 mm per 3 m of span unless otherwise indicated on the Drawings.  Review method of providing camber with Contract Administrator prior to proceeding.  Maintain beam depth and slab thickness from cambered surface. 

	3.4 Inserts/Embedded Items/Openings 
	.1 Provide formed openings where required for pipes, conduits, sleeves, and other Work to be embedded in and passing through concrete members. 
	.2 Accurately locate and set in place items which are to be cast directly into concrete. 
	.3 Coordinate Work of other Sections and cooperate with trades involved in forming openings, slots, recesses, chases, and setting sleeves, bolts, anchors, and other inserts. 
	.4 Coordinate installation of concrete accessories specified in Section 03250 – Concrete Accessories. 
	.5 Provide temporary ports or openings in formwork where required to facilitate cleaning and construction review.  Locate openings at bottom of forms to allow flushing water to drain. 
	.6 Close temporary ports or openings with tight fitting panels, flush with inside face of forms, neatly fitted so no leakage occurs, and to provide uniform surface on exposed concrete. 

	3.5 Field Quality Control 
	.1 Inspect and check complete formwork, falsework, shoring, and bracing to ensure that Work is in accordance with formwork design, and that supports, fastenings, wedges, ties, and parts are secure.  Submit written report from Professional Engineer responsible for this work as specified in Clause 1.4 Shop Drawings. 
	.2 Inform Contract Administrator when formwork is complete and has been cleaned, to allow for review.  Contract Administrator’s review will be for verification that forms are clean and free from debris. 
	.3 Re-use of forms shall be subject to the requirements of CAN/CSA-A23.1-00. 

	3.6 Cleaning 
	.1 Clean formwork in accordance with CAN/CSA-A23.1-00. 
	.2 During cold weather, remove ice and snow from within forms.  Do not use de-icing salts.  Do not use water to clean out completed forms, unless formwork and concrete construction proceed within a heated enclosure.  Use compressed air or other means to remove foreign matter. 

	3.7 Formwork Preparation 
	.1 Apply form release agent in accordance with Manufacturer's recommendations, prior to placing reinforcing steel, anchoring devices, and embedded parts. 
	.2 Do not apply form release agent where concrete surfaces are to receive special finishes or applied coverings which are affected by agent.  Soak inside surfaces of untreated forms with clean water.  Keep surfaces moist prior to placing concrete. 

	3.8 Form Removal 
	.1 Notify Contract Administrator prior to removing formwork. 
	.2 Forms shall remain in place a minimum of two (2) days and the concrete shall have attained 75% of design strength verified by field cured test cylinders. 
	.3 Clause 3.8.2 notwithstanding, do not remove forms and falsework until concrete has gained sufficient strength to carry its own weight, plus construction and design loads which are liable to be imposed.  Verify strength of concrete by compression tests to satisfaction of Contract Administrator. 
	.4 Remove falsework progressively, in accordance with regulatory requirements and ensure that no shock loads or imbalanced loads are imposed on structure. 
	.5 Loosen forms carefully without damaging concrete surfaces.  Do not apply tools to exposed concrete surfaces. 
	.6 If forms are left loosely in place for protection until curing requirements are complete, ensure all concrete surfaces are kept continuously moist.  Otherwise remove forms and start moist cure immediately; curing with curing compound may be an option subject to review by the Contract Administrator on a case by case basis. 

	3.9 Reshoring 
	.1 If reshoring is required, prepare and submit a schedule to Contract Administrator for review. 
	.2 Reshore structural members where required due to design requirements or construction conditions under the direction of the Professional Engineer responsible for this Work. 
	.3 Install reshoring as required to permit progressive construction. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Reinforcing steel bars for cast-in-place concrete complete with tie wire. 
	.2 Support chairs, bolsters, bar supports, and spacers for reinforcing. 

	1.2 Quality Assurance 
	.1 Perform concrete reinforcing Work in accordance with Canadian Standards Association CAN/CSA-A23.1-00. 

	1.3 Inspection and Testing 
	.1 If requested by Contract Administrator, submit three (3) certified copies of mill test report of reinforcement supplied, indicating physical and chemical analysis. 

	1.4 Shop Drawings 
	.1 Submit bar lists and placing drawings in accordance with Section 01300 – Submittals. 
	.2 Clearly indicate bar sizes, spacings, locations, and quantities of reinforcing steel and wire fabric, bending and cutting schedules, and supporting and spacing devices. 
	.3 Drawings and details to conform to CAN/CSA-A23.1-00, CAN/CSA-A23.3, and RSIC Reinforcing Steel Manual of Standard Practice. 
	.4 Detail placement of reinforcing where special conditions occur. 
	.5 Detail lap lengths and bar development lengths to CAN/CSA-A23.1-00, unless otherwise shown on the Drawings. 

	1.5 Delivery and Storage 
	.1 Deliver, handle, and store reinforcement in a manner to prevent damage and contamination. 
	.2 Deliver bars in bundles, clearly identified in relation to bar lists. 

	2. PRODUCTS 
	2.1 Reinforcing Materials 
	.1 Reinforcing Steel:  minimum 400 MPa yield grade; deformed billet steel bars conforming to CAN/CSA-G30.18; plain finish. 
	.2 Welded Steel Wire Fabric:  plain type, conforming to ASTM A185; flat sheets; plain finish. 
	.3 Stainless Steel Bars:  ASTM Type 316. 

	2.2 Accessory Materials 
	.1 Tie Wire:  minimum 1.6 mm annealed type, or patented system accepted by Contract Administrator. 
	.2 Chairs, Bolsters, Bar Supports, Spacers:  adequately sized for strength and support of reinforcing steel during construction. 
	.3 Bar Chairs:  to be non-corrosive PVC chairs or concrete chairs purpose made.  Steel bar chairs, galvanized bar chairs, concrete bricks, broken concrete blocks, stones, or wood supports are not acceptable. 
	.4 Side form spacers to be non-corrosive PVC spacers, purpose made.  PVC chairs, steel bar chairs, galvanized bar chairs, concrete bricks, broken concrete blocks, or wood supports are not acceptable. 


	3. EXECUTION 
	3.1 Fabrication 
	.1 Fabricate reinforcing steel in accordance with CAN/CSA-A23.1-00 and Drawings. 
	.2 Locate reinforcing splices not indicated on Drawings at points of minimum stress. 
	.3 Fabricate within the following tolerances: 
	.1 Sheared length:  + 0, - 25 mm 
	.2 Stirrups, ties, and spirals:  +0, -10 mm 
	.3 Other bends:  + 0, - 25 mm 

	.4 All bending shall be done cold with a suitable machine accurately producing all lengths, depths, and radii shown on the bending details. 
	.5 After initial fabrication, reinforcing steel shall not be rebent or straightened unless so indicated on the Drawings. 
	.6 Heating of reinforcing steel will not be permitted. 

	3.2 Installation 
	.1 Place reinforcing steel in accordance with reviewed placing drawings and CAN/CSA A23.1 00.  Chair slab reinforcing not further apart than 1.2 m in either direction.  Tie reinforcing steel at maximum spacing 600 mm. 
	.2 Adequately support reinforcing and secure against displacement within tolerances permitted. 
	.3 Place reinforcing steel to provide concrete cover required by CAN/CSA A23.1-00, but not less than shown below or noted otherwise on the Drawings: 
	.1 Beam stirrups: 40 mm unless noted otherwise; main steel: 50 mm. 
	.2 Slabs (top and bottom): 50 mm. 
	.3 Column ties: 40 mm; main steel: 50 mm. 
	.4 Walls: 50 mm unless noted otherwise. 
	.5 Concrete formed against earth (including bottom of slab on grade): 75 mm. 

	.4 Maintain alignment as follows: 
	.1 Slabs:  ±5 mm. 
	.2 Other structural members:  ±10 mm. 
	.3 Rebar bends and ends:  ±50 mm. 

	.5 Do not disturb or damage polyethylene film or void form while placing reinforcing steel. 
	.6 Install purpose made highly visible protective safety caps on all exposed projecting bar ends. 

	3.3 Cleaning 
	.1 Ensure concrete reinforcing is clean and free from oil and deleterious matter. 
	.2 Remove all loose scale, loose rust, concrete from prior pours, and other deleterious matter from surfaces of reinforcing. 
	.3 Remove concrete splatter on bars before concrete has hardened. 
	END OF SECTION 
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	1. GENERAL 
	1.1 Work Included 
	.1 Joint Sealants 
	.2 Joint Filler 
	.3 Water Stop 
	.4 Non-ferrous Grout 
	.5 Latex Patching Agent 
	.6 Bonding Agent 
	.7 Curing Compound 
	.8 Fasteners 

	1.2 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Submit product information for all materials for review to be incorporated into the Work. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Joint Sealants: 
	.1 Joint sealants: non-staining, non-sagging, grey two-part polysulphide liquid polymer base or a two-part polyurethane base such as Sikaflex 2c NS/SL or Vulkem 245 for horizontal and vertical joints with compatible primer as per sealant manufacturer’s requirements. 
	.2 Interior Control Joint Sealant:  catalyst cured epoxy rubber, Sika Loadflex, Sealtight Bondflex, Concrete Chemicals 903B Flexible Sealant, Allied Coatings AC-1210 Flexible Epoxy Sealant. 
	.3 Use compatible primer as per sealant Manufacturer’s requirements. 

	.2 Joint Filler: 
	.1 Vinyl foam: (for joints to receive sealant):  closed cell vinyl foam, sizes indicated on drawings, 90%+ recovery after 50% compression, 380 kPa pressure for 50% compression, Sika Rodofoam GR, CPD Cell Foam Joint Filler, Sealtight Ceramar Expansion Joint Filler. 
	.2 Pre-moulded expansion joint filler (for joints associated with slabs on grade such as pads at doors): asphalt impregnated vegetable or cane fibreboard, conforming to ASTM D1751, sizes indicated on Drawings, such as W. R. Meadows Sealtight Fibre Expansion Joint. 

	.3 Waterstop: 
	.1 Expansive Waterstop:  SikaSwell S Sealant by Sika and CS-231 Controlled Expansion Waterstop by ConSeal Concrete Sealants. 
	.2 PVC Waterstop:  Paul Murphy Wirestop CR-6380 or Greenstreak 679.  All flat and vertical PVC waterstop tees, crosses, and L’s shall be factory made and tested. 

	.4 Non-ferrous Grout:  pre-mixed, non-shrink, Master Builders 713, Sika M-Bed, CPD Non Shrink Grout, Steel C1 Grout, Grace In-Pakt Grout, minimum 35 MPa compressive strength. 
	.5 Latex Bonding Agent:  Acrl Stix, Daraweld-C Latex Bonding Agent. 
	.6 Epoxy Bonding Agent:  Master Builders Concresive 1001 LPL, Dural Duralbond, Sikadur 32 HI-bond. 
	.7 Repair Mortar:  Meadow-Crete H by W.R. Meadows. 
	.8 Moisture Retention Film:  Master Builders Confilm. 
	.9 Fasteners:  fasteners (all nuts, bolts, washers, screws, etc.) stainless steel for all aluminum items, conforming to ASTM 304 or 316, sizes and locations as required by item Manufacturer. 


	3. EXECUTION 
	3.1 Installation 
	.1 Coordinate Work of this Section with other construction. 
	.2 Install all concrete accessories in accordance with Drawings and Manufacturer's recommendations and ensure compatibility.  Install straight, level, and plumb. 
	.3 Ensure items are not disturbed during concrete placement. 
	.4 Concrete slabs shall be moist cured as per Section 03300 – Cast-In-Place Concrete.  Curing and sealing compounds may be used for curing purposes of all other concrete where practical or compatible with finishes.   
	.5 Joint sealant shall be applied per Manufacturer’s instructions.  If joint surfaces are damp, dry the surfaces and apply primer as recommended by Manufacturer.  Apply polyethylene debonding tape as indicated on the Drawings. 
	.6 PVC Waterstop 
	.1 Install PVC waterstop in all joints in a continuous and inter-connected manner. 
	.2 All waterstop joints other than straight butt joints shall be factory fabricated and tested by the waterstop Manufacturer.  All field splices to be heat-fused and tested for complete seals by use of a corona discharge unit, costs for testing to paid for by Contractor. 
	.3 Install waterstop continuous without displacing reinforcement.  Butt weld splices to Manufacturer’s directions. 
	.4 Take particular care to correctly position the waterstop during installation.  Tie the waterstop adequately for support in accordance with manufacturer’s instructions, but at maximum 300 mm spacing to ensure proper embedment symmetrical about the joint and to prevent displacement during concrete placement.  Fully compact the concrete in the region of the waterstop during the placing of the concrete. 
	.5 Do not place concrete until waterstop has been reviewed by the Contract Administrator. 

	.7 Expansive Waterstop 
	.1 Apply expansive waterstop where specifically indicated on the Drawings or as directed by the Contract Administrator. 
	.2 Prepare surfaces and apply beads sized to manufacturer’s instructions. 
	.3 Protect expansive waterstop from contact with water prior to concrete placement.  Replace waterstop if it has come in contact with water and has begun to absorb water. 

	.8 Joint filler shall be installed per Manufacturer’s instructions in expansion joints as indicated on Drawings. 
	.9 Epoxy bonding agent is to be used to bond new concrete to existing concrete surfaces. 
	.10 Latex patching agent is to be used for patching formed concrete surfaces where required. 
	.11 Repair Grout 
	.1 Apply repair grout where existing concrete is to be removed as indicated on the Drawings or as directed by the Contract Administrator. 
	.2 Prepare surfaces and apply repair mortar to Manufacturer’s instructions.  Use pea gravel to extend the mixture in accordance with the Manufacturer’s instructions 
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	1. GENERAL 
	1.1 Work Included 
	.1 All reinforced cast-in-place concrete shown on the Drawings. 
	.2 Setting anchors, inserts, frames, sleeves, and other items supplied by other Sections. 
	.3 Repairing concrete imperfections. 
	.4 Finishing formed concrete surfaces. 
	.5 Finishing slab surfaces. 
	.6 Concrete curing. 

	1.2 Quality Assurance 
	.1 Cast-in-place concrete shall conform to the CAN/CSA-A23.1-00. 
	.2 Testing shall conform to CAN/CSA-A23.2-00. 
	.3 These standards shall be available in the Contractor’s Site office for reference by the Contractor, sub-trades, and Contract Administrator. 
	.4 A Concrete Review Report will be completed with each concrete pour.  Each Concrete Review Report shall be signed by the Contractor and Contract Administrator. 

	1.3 Qualification 
	.1 Concrete flatwork finishing is to be done by an established firm having at least five (5) years of proven, satisfactory experience in this trade and employing skilled personnel. 
	.2 Submit proof of qualifications in writing to the Contract Administrator. 

	1.4 Inspection and Testing 
	.1 Notify the Contract Administrator at least forty eight (48) hours before complete formwork and concrete reinforcement is ready for review.  Reinforcing in walls shall be reviewed prior to closing forms. 
	.2 Allow ample time for notification, review, and corrective Work, if required, before scheduling concrete placement. 
	.3 Concrete sampling, inspection, and testing is to be performed by a CSA certified inspection and testing firm appointed and paid for by the City. 
	.4 Provide unencumbered access to all portions of Work and cooperate with appointed firm. 
	.5 Submit proposed mix design of each class of concrete to the Contract Administrator for review ten (10) Business Days prior to commencement of the Work. 
	.6 Tests of cement and aggregates may be performed to ensure conformance with requirements stated herein. 
	.7 At least three (3) concrete test cylinders will be taken for every 75 m3 or less of each class of concrete placed. 
	.8 At least three (3) test cylinders will be taken daily for each class of concrete placed. 
	.9 One (1) slump test and one (1) air content test will be taken for each set of test cylinders taken. 
	.10 Additional slump and air content tests may be taken as necessary (up to every truck) to verify quality of concrete at the discretion of the Contract Administrator. 
	.11 Testing of concrete will be performed in accordance with CAN/CSA-A23.2-00.  Test results will be issued to the Contractor, the Contract Administrator, and the City. 
	.12 The Contractor shall pay costs for required retesting due to defective materials or workmanship. 
	.13 If accepted by the Contract Administrator, the Contractor may arrange and pay for additional tests for use as evidence to expedite construction. 
	.14 To conform to the strength requirements, the average of all tests shall exceed the specified strength.  When three (3) or more tests of the same class of concrete are available, the average of any three (3) consecutive tests shall be equal to, or greater than the specified strength, and no strength test shall fall more than 3.5 MPa below the specified strength.  If any of the criteria of the foregoing are not met, the Contract Administrator shall have the right to require one or more of the following: 
	.1 Changes in mix proportions for the remainder of the Work. 
	.2 Cores drilled and tested from the areas in question as directed by the Contract Administrator and in accordance with CAN/CSA-A23.2-00.  The test results shall be indicative of the strength of the in-place concrete. 
	.3 Full scale load testing of the structural elements. 
	.4 The changes in the mix proportions, cores drilled and tested, and load testing shall be at the Contractor's expense. 
	.5 Concrete failing to meet the strength requirements shall be strengthened or replaced at the Contractor's expense and to the satisfaction of the Contract Administrator. 


	2. PRODUCTS 
	2.1 Concrete Materials 
	.1 Cement:  Normal Type 10 Portland Cement conforming to CSA-A3000. 
	.2 Fine Aggregate:  conforming to Normal-Density Fine Aggregate, CAN/CSA-23.1-00.  If requested by the Contract Administrator, submit evidence at least two (2) weeks before use in concrete mix showing conformance to Normal-Density Fine Aggregate, CAN/CSA A23.1 00, Table 4 and Table 6. 
	.3 Coarse Aggregate:  conforming to Normal-Density Coarse Aggregate, CAN/CSA-23.1-00, Group I, 40 to 5 mm, 20 to 5 mm, and 10 to 2.5 mm.  If requested by the Contract Administrator, submit evidence at least two (2) weeks before use in concrete mix showing conformance to Normal-Density Coarse Aggregate, CAN/CSA-A23.1-00, Table 5 and Table 6.  Group II may be used for special requirements such as gap grading, pumping, or for blending two (2) or more sizes to produce Group I gradings. 
	.4 Ensure that no aggregates are used that may undergo volume change due to alkali reactivity, moisture retention, or other causes.  Confirm suitability of aggregate with a petrographic analysis report if requested by the Contract Administrator. 
	.5 Water:  potable, clean, and free from injurious amounts of oil, alkali, organic matter, or other deleterious matter. 
	.6 Materials are to be obtained from the same source of supply or Manufacturer for the duration of the Work. 
	.7 Pozzolans:  Type C fly ash, conforming to CSA-A23.5, source of material to be acceptable to the Contract Administrator. 

	2.2 Admixtures 
	.1 No admixtures other than air-entraining agent, water-reducing agent, and superplasticizer shall be used without the written authorization of the Contract Administrator, unless specified. 
	.2 Air entrainment:  conforming to Standard C260. 
	.3 Water-reducing agent:  Type WN conforming to ASTM Standard C494. 
	.4 Superplacticizer:  conforming to ASTM Standard C494. 
	.5 General Chemical Admixtures:  conforming to ASTM Standard C494. 
	.6 Calcium chloride or admixtures containing calcium chloride shall not be used in concrete. 

	2.3 Accessories 
	.1 Curing Sealer:  conforming to ASTM C309. 
	.2 Moisture Retention Film:  Master Builders Confilm. 

	2.4 Concrete Mixes 
	.1 Pay all costs for mix design. 
	.2 Provide concrete mixed in accordance with requirements of CAN/CSA-A23.1-00 and as indicated on the Drawings.  The Drawing requirements shall govern where there is a difference between the Drawings and CAN/CSA-A23.1-00, Tables 6 to 10 requirements. 
	.3 Maximum allowable substitution of cement with fly ash material shall be 20% by weight when acceptable to the Contract Administrator. 
	.4 Use accelerating admixtures in cold weather only when accepted by the Contract Administrator.  If accepted, the use of admixtures will not relax cold weather placement requirements.  Do not use calcium chloride. 
	.5 Use set-retarding admixtures during hot weather only when accepted by the Contract Administrator. 
	.6 All admixtures must be compatible within the mix.  Concrete with freezing and thawing exposure must satisfy the durability requirements of CAN/CSA-A23.1-00, Sections 14 and 15. 
	.7 All admixtures are subject to acceptance by the Contract Administrator.  List all proposed admixtures in mix design submission.  Do not change or add admixtures to accepted design mixes without the Contract Administrator's review and acceptance. 
	.8 The water:cementing ratio must be calculated and shown based on all available mixing water excluding aggregate absorption. 
	.9 Concrete delivered to Site must be accompanied by a delivery slip indicating time of completion of mixing, design strength of concrete, air content, and actual water-cement ratio. 
	.10 Patching Mortar: 
	.1 The patching mortar shall be made of the same material and of approximately the same proportions as used for the concrete, except that the coarse aggregate shall be omitted and the mortar shall consist of not more than 1 part cement to 21/2 parts sand by damp loose volume. 
	.2 White Portland cement shall be substituted for a part of the grey Portland cement on exposed concrete in order to produce a colour matching the colour of the surrounding concrete, as determined by trial patches. 
	.3 The quantity of mixing water shall be no more than necessary for handling or placing.  Mixing water shall include 1 part latex bonding agent to 3 parts water.  Maximum water to cement ratio shall be 0.40. 

	.11 Self-compacting concrete mixes will not be permitted for use on this Work. 


	3. EXECUTION 
	3.1 Placing Concrete 
	.1 Place concrete in accordance with requirements of CAN/CSA A23.1-00 and as indicated on the Drawings.  Layout of the Work and accuracy of same is the Contractor's sole responsibility. 
	.2 Notify the Contract Administrator a minimum of twenty four (24) hours prior to pouring concrete.  Under no circumstances shall concrete be poured without notifying Contract Administrator, or in his absence, arranging for review of the Work and sampling of concrete. 
	.3 The concrete shall be placed rapidly and evenly as near to its final position as possible to reduce the risk of segregation, flowlines, and cold joints.  Concrete shall be placed within 1.5 hours of mixing. 
	.4 Ensure all anchor bolts, seats, plates, and other items to be cast into concrete are securely placed and will not interfere with concrete placement. 
	.5 All equipment for transporting the concrete shall be cleaned of hardened concrete and foreign materials before placing concrete. 
	.6 Immediately before concrete is placed, Contractor shall carefully inspect all forms to ensure that they are properly placed, sufficiently rigid and tight, and that all reinforcing steel and embedded parts are in the correct position and secured against movement during the placing operation.  All forms shall be thoroughly cleaned and material removed. 
	.7 Concrete shall be handled from the mixer to the place of final deposit as rapidly as practicable by methods that will prevent the separation or loss of the ingredients.  Concrete shall be deposited in the forms as nearly as practicable in its final position to avoid re handling or flowing.  Vibrators shall not be used to move concrete.  Under no circumstances shall the concrete, which has partially hardened, be deposited in the forms. 
	.8 Concrete shall be thoroughly compacted by mechanical vibrators during placing operations.  Concrete shall be thoroughly worked around the reinforcement, embedded fixtures, and into the corners of the forms. 
	.9 Vibrate concrete using the appropriate size equipment as placing proceeds, in accordance with CAN/CSA-A23.1-00.  Check frequency and amplitude of vibrations prior to use.  Provide additional standby vibrators in the event of equipment failure. 
	.10 Prepare set or existing concrete by removing all laitance and loose or unsound materials and apply bonding agent in accordance with Manufacturer’s recommendations. 
	.11 Where placing operations would involve dropping the concrete more than 1.5 m, it shall be placed through canvas hoses or galvanized iron chutes.  Concrete shall not be raised at a rate greater than that for which proper vibration may be affected. 
	.12 In locations where new concrete is dowelled to existing concrete, drill holes in existing concrete, thoroughly clean the holes, place non-shrink grout in holes, and insert steel dowels so that grout is packed solidly for full depth around the dowels. 
	.13 A minimum of three (3) calendar days shall elapse between adjacent pours separated by construction joints or expansion joints. 
	.14 Do not place concrete if carbon dioxide producing equipment has been in operation in the building or in the enclosure during the twelve (12) hours preceding the pour.  This equipment shall not be used during placing or for twenty four (24) hours after placing.  During placing and curing concrete, surfaces shall be protected by formwork or an impermeable membrane from direct exposure to carbon dioxide, combustion gases, or drying from heaters. 
	.15 Honeycomb or embedded debris is not acceptable. 
	.16 Remove and replace defective concrete. 
	.17 Maintain accurate records of cast-in-place concrete items.  Record date, location of pour, quantity, air temperature, and test samples taken. 

	3.2 Cold Weather Concreting 
	.1 The requirements of this section shall be applied to all concreting operations during cold weather, i.e., if the mean daily temperature falls below 5°C during placing or curing. 
	.2 Supplementary equipment as required below shall be at the Site if concrete is likely to be placed in cold weather. 
	.3 Formwork and reinforcing steel shall be heated to at least 5°C before concrete is placed. 
	.4 The temperature of the concrete shall be maintained at not less than 10°C for seven (7) calendar days.  The concrete shall be kept above freezing temperature for at least a period of seven (7) calendar days.  In no case, shall the heating be removed until the concrete has reached a minimum compressive strength which will be specified by the Contract Administrator as determined from compressive strength tests on specimens cured under the same conditions as the concrete work in question. 
	.5 Aggregates shall be heated to a temperature of not less that 20°C and not more than 65°C.  Water shall be heated to a temperature between 55°C and 65°C.  The temperature of the concrete at the time of placing in the forms shall be within the range specified in CAN/CSA A23.1-00 for the thickness of the section being placed. 
	.6 When the mean daily temperature may fall below 5°C, a complete housing of the Work, complete with heaters, fuel, maintenance, and attendants, shall be provided. 
	.7 Combustion-type heaters may be used if their exhaust gases are vented outside the enclosures and not allowed to come into contact with concrete surfaces.  Fire extinguishers must be readily at hand wherever combustion-type heaters are used. 
	.8 When the ambient temperature is below -15°C, the housing shall be constructed so as to allow the concrete to be placed without the housing having to be opened.  If the mixing is done outside of the housing, the concrete shall be placed by means of hoppers installed through the housing.  The hoppers are to be plugged when not in use. 
	.9 When the ambient temperature is equal to or above -15°C, the Contractor will be permitted to open small portions of the housing for a limited time to facilitate the placing of the concrete. 
	.10 Before depositing any of the concrete, the Contractor shall show that enough heating equipment is available to keep the air temperature surrounding the forms within the specified range.  This shall be accomplished by bringing the temperature inside of the housing to the specified 10°C at least twelve (12) hours prior to the start of the concrete placing. 
	.11 The Contractor shall supply all required heating apparatuses and the necessary fuel.  When dry heat is used, a means of maintaining atmospheric moisture shall be provided. 
	.12 Sufficient standby heating equipment must be available to allow for any sudden drop in outside temperatures and any breakdowns that may occur in the equipment. 
	.13 The Contractor shall keep a curing record of each concrete pour.  The curing record shall include date and location of the pour, mean daily temperature, temperatures above and below the concrete within the enclosures, temperatures of the concrete surface at several points, and notes regarding the type of heating, enclosure, unusual weather conditions, etc.  This record shall be available for review by the Contract Administrator at all times, and shall be turned over to the Contract Administrator at the end of the concreting operations. 

	3.3 Hot Weather Concreting 
	.1 General 
	.1 The requirements of this Clause shall be applied during hot weather, i.e., when air temperatures are above 25°C during placing. 
	.2 Concrete shall be placed at as low a temperature as possible, preferably below 15°C, but not above 27°C.  Aggregate stockpiles may be cooled by water sprays and sun shades. 
	.3 Ice may be substituted for a portion of the mixing water provided the ice has melted by the time mixing is completed. 
	.4 Forms and conveying equipment shall be kept as cool as possible before concreting by shading them from the sun, painting their surfaces white, and/or the use of water sprays. 
	.5 Sun shades and wind breaks shall be used as required during placing and finishing. 
	.6 Work shall be planned so that concrete can be placed as quickly as possible to avoid “cold joints”. 
	.7 The Contract Administrator’s acceptance is necessary before the Contractor may use admixtures such as retardants to delay setting, or water-reducing agents to maintain workability and strength, and these are to be included in the mix designs submitted to the Contract Administrator. 
	.8 Curing shall follow immediately after the finishing operation. 

	.2 Hot-Weather Curing 
	.1 When the air temperature is at or above 25°C, curing shall be accomplished by water or by using saturated absorptive fabric, in order to achieve cooling by evaporation.  Mass concrete shall be water cured for the basic curing period when the air temperature is at or above 20°C, in order to minimize the temperature rise of the concrete. 

	.3 Job Preparation 
	.1 When the air temperature is at or above 25°C, or when there is the probability of its rising to 25°C during the placing period, facilities shall be provided for protection of the concrete in place from the effects of hot and/or drying weather conditions.  Under severe drying conditions, as defined under “Severe Drying Conditions” below, the formwork, reinforcement, and concreting equipment shall be protected from the direct rays of the sun or cooled by fogging and evaporation. 

	.4 Concrete Temperature 
	.1 The temperature of the concrete as placed shall be as low as practicable and in no case greater than that shown below for the indicated size of the concrete section. 

	.5 Protection from Drying 
	.1 Moderate Drying Conditions 
	.1 When surface moisture evaporation exceeds 0.75 kg/m2/hour, windbreaks shall be erected around the sides of the structural element. 

	.2 Severe Drying Conditions 
	.1 When surface moisture evaporation exceeds 1.0 kg/m2/hour, additional measures shall be taken to prevent rapid loss of moisture from the surface of the concrete.  Such additional measures shall consist of the following: 
	.1 Erecting sunshades over the concrete during finishing and placing operations. 
	.2 Lowering the concrete temperature. 
	.3 Placing concrete at cooler part of the day when there is little or no direct sunlight. 
	.4 Increasing humidity by applying fog spray immediately after placement and before finishing. 
	.5 Care shall be taken to prevent accumulation of water that may reduce the quality of the cement paste. 
	.6 Beginning the concrete curing immediately after trowelling.  Under certain conditions moisture retention film may be used. 


	.3 Surface Moisture Evaporation Rate 
	.1 The monograph, Figure D1, Appendix D of CAN/CSA-A23.1-00 shall be used to estimate surface moisture evaporation rates. 



	3.4 Concrete Protection for Reinforcement 
	.1 Ensure reinforcement is placed to provide minimum concrete cover in accordance with Section 03200 – Concrete Reinforcement. 

	3.5 Construction Tolerance 
	.1 The Work shall be carefully and accurately set out; true to the positioning, levels, slopes, and dimensions shown on the Drawings and conforming to Sections 03100 – Concrete Formwork and 03200 – Concrete Reinforcement. 
	.1 Sizes of Member or Thickness of Slabs:  +6 mm, - 0 mm. 
	.2 Cover of Concrete over Reinforcement:  (3 mm. 
	.3 Variations from Plumb:  6 mm in 3 m, 10 mm maximum. 
	.4 Variations from Flat:  3 mm in 3 m, 6 mm maximum. 

	.2 If these tolerances are exceeded, the Contractor may, at the discretion of the Contract Administrator, be required to remove and replace or to modify the placed concrete before acceptance.  The costs incurred by the Contract Administrator for such investigation, testing, or review of reconstruction and the cost of reconstruction shall be borne by the Contractor. 

	3.6 Finishing Slab Surfaces 
	.1 Finish all slab surfaces conforming to CAN/CSA-A23.1-00, Clause 22 and as specified below. 
	.2 Bull Floating: 
	.1 Flatness for suspended concrete slabs to be achieved by means of hiway straight edge (minimum 3 m width) in lieu of standard bull float.  Immediately after screeding, bull float slab surfaces to remove ridges and fill voids. 
	.2 Complete bull floating before any excess moisture or bleed water is visible on surface. 

	.3 Mechanical Floating: 
	.1 Mechanical float slab surfaces when bleed water has disappeared and surfaces are sufficiently hard to prevent working excess mortar to surface. 
	.2 Continue floating as necessary to produce surfaces of uniform texture, free from hollows, bumps, and screed marks. 
	.3 For surfaces to be trowelled, continue floating as necessary to embed coarse aggregate particles firmly below surface mortar. 
	.4 Hand float in corners, restricted areas, and around cast-in items. 

	.4 Trowelling: 
	.1 Trowel floor surfaces with mechanical trowelling machines fitted with steel blades. 
	.2 Commence trowelling when surfaces are sufficiently hard to prevent working excess fine material to surface. 
	.3 Perform additional trowelling at intervals so final trowelling is done just before concrete becomes so hard that further trowelling is ineffective. 
	.4 Finish trowelled surfaces to be hard, dense, and free from blemishes and other imperfections. 
	.5 Hand trowel in corners, restricted areas, and around cast-in items. 
	.6 Cure concrete as specified. 
	.7 Protect all slabs from damage during construction. 


	3.7 Curing and Protection 
	.1 Cure and protect freshly placed concrete in accordance with Clause 21 of CAN/CSA A23.1 00. 
	.2 All concrete shall receive moist curing for a period of at least seven (7) calendar days.  One of the following methods shall be used as soon as the concrete has hardened sufficiently to prevent marring: 
	.1 Surface covered with canvas or other satisfactory material and kept thoroughly and continuously wet with soaker hoses. 
	.2 A liquid membrane forming curing sealer, applied at the rate recommended by the Manufacturer.  Curing sealer shall not be used on a surface where bond is required for the finishes. 
	.3 Surfaces of concrete, which are protected by formwork that is left in place for seven (7) calendar days, shall not require any additional curing (except as specified for hot weather).  If the formwork is removed in less than seven (7) calendar days, the concrete shall receive moist curing as above. 

	.3 No concreting will be allowed until all materials required for the curing phase are on Site and ready for use. 
	.4 At the end of the curing and protection period, the temperature of the concrete shall be reduced gradually at a rate not exceeding 10°C per day until the outside air temperature has been reached. 
	.5 Concrete that is allowed to freeze or attain insufficient curing conditions shall be subject to all necessary investigations and testing as deemed necessary by the Contract Administrator and all such concrete shall be removed and the portion reconstructed as directed by the Contract Administrator, at Contractor’s cost. 
	.6 The supply (both quantity and time of supply) of water for curing concrete shall be subject to control of the City and prior arrangements shall be made by the Contractor with the City for its supply.  The Contractor shall be responsible for, at his own cost, to supply, install, maintain, and move extensions to water services as required for conveying water to the work Site.  Water required for curing concrete will be supplied by the City, from the DBPS. 

	3.8 Formed Concrete 
	.1 Allow the Contract Administrator to review concrete surfaces immediately upon removal of the forms. 
	.2 Modify or replace concrete not conforming to qualities, lines, details, and elevations specified herein or indicated on the Drawings to the acceptance of the Contract Administrator. 

	3.9 Finishing Formed Surfaces 
	.1 Interior formed concrete surfaces. 
	.1 Finish surfaces exposed to view to Smooth-Form Finish conforming to CAN/CSA A23.1-00, Clause 24.3.6. 
	.2 Finish non-exposed surfaces to Rough-Formed Finish conforming to CAN/CSA A23.1 00, Clause 24.3.5. 

	.2 Exterior formed concrete surfaces. 
	.1 Surfaces to receive vapour barrier, insulation, waterproofing material, or roofing material are to be finished to Smooth-Formed Finish conforming to CAN/CSA A23.1 00, Clause 24.3.6. 
	.2 Other surfaces to be finished to Rough-Formed Finish conforming to CAN/CSA A23.1 00, Clause 24.3.5. 


	3.10 Equipment Pads and Cast in Metal Frames 
	.1 Supply and install concrete pads and supports for equipment where and as required or indicated on Drawings.  Adjust dimensions to reviewed equipment Shop Drawings. 
	.2 Place dowels in slabs as shown on the Drawings and roughen and clean the slab surfaces prior to placing concrete for the pads. 
	.3 Insert bolts and sleeves and pack solidly with non-shrink grout, in accordance with setting details and templates. 
	.4 Steel trowel surface smooth.  Chamfer exposed horizontal and vertical edges. 
	.5 Clean excess concrete from metal frames, inserts, weld plates, etc.  Clean and tool concrete around the above noted items. 

	3.11 Grouting 
	.1 Grout all miscellaneous anchor bolts with non-ferrous or epoxy grout as specified using templates for accurate positioning. 
	.2 Grout under base plates and other items to provide continuous support over the entire contact area as required or as shown on the Drawings. 

	3.12 Defective Concrete 
	.1 Concrete not meeting the requirements of the Specifications and Drawings will be considered defective concrete. 
	.2 Concrete not conforming to the lines, details, and grades specified herein or as shown on the Drawings shall be modified or replaced at the Contractor's expense and to the satisfaction of the Contract Administrator.  Finished lines, dimensions, and surfaces shall be correct and true within tolerances specified herein and in Section 03100 – Concrete Formwork. 
	.3 Concrete not properly placed resulting in honeycombing and other defects shall be repaired or replaced at the Contractor's expense and to the satisfaction of the Contract Administrator. 

	3.13 Patching 
	.1 Allow Contract Administrator to review concrete surfaces immediately upon removal of all formwork. 
	.2 Remove all exposed metal form ties, nails and wires, break off fins, and remove all loose concrete. 
	.3 Any imperfect joints, voids, stone pockets, or other defective areas and tie holes, as specified, shall at once be patched before the concrete is thoroughly dry.  Defective areas shall be chipped away to a depth of not less than 40 mm with the edges perpendicular to the surface.  The area to be patched and a space at least 150 mm wide entirely surrounding it shall be wetted to prevent absorption of water from the patching mortar. 
	.4 Cure all patches thoroughly in accordance to Manufacturer’s instructions. 

	3.14 Construction Joints 
	.1 Construction joint locations shall be as shown on the Drawings. 
	.2 Joints not indicated on the Drawings shall be located so as to least impair the strength of the structure.  The location of these joints shall be subject to prior review and acceptance by the Contract Administrator.  Joints shall be in accordance with CAN/CSA-A23.1-00, or as indicated on the Drawings. 
	.3 The surface of hardened concrete shall be thoroughly cleaned of foreign matter and laitance by sand blasting, and shall be thoroughly wetted with water, but not saturated, and the forms shall be re-tightened against the face of the hardened concrete before depositing additional concrete.  Any concrete splatter on reinforcing bars shall be removed by sand blasting. 
	.4 For horizontal construction joints, the concrete shall be thoroughly compacted by hand trowel in and around the reinforcing bars and along the PVC waterstops. 

	3.15 Clean-Up 
	.1 As Work progresses and at the completion of Work, remove from Site all debris, excess materials, and equipment. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and installation of hollow core deck slabs. 
	.2 Supply loose connecting and supporting devices. 
	.3 Sealant and back-up materials. 
	.4 Provide formed or cut openings for other sections. 
	.5 Grouting of all connecting pockets. 
	.6 Final cleaning. 

	1.2 Design Requirements 
	.1 Design of precast concrete members and connections to conform to CSA A23.4 and PCI Design Handbook, under direct supervision of a registered Professional Engineer, fully experienced in design of precast concrete structural units. 
	.2 Design all members, connections, and embedded parts to safely support their own weight and all forces and loads to which they may be subjected. 
	.3 Design connections to provide for building movement.  Provide adjustable connections to accommodate misalignment of structure. 
	.4 Design roof deck for a maximum live load deflection of 1/240th of the span unless noted otherwise. 
	.5 Design openings indicated on the architectural, mechanical, electrical, and equipment Drawings. 

	1.3 Quality Assurance 
	.1 Fabricate and install precast concrete deck in accordance with requirements of CSA A23.4. 
	.2 Maximum allowable manufacturing and erection tolerances are not to exceed those given in CSA A23.4. 

	1.4 Qualifications 
	.1 Manufacturer is to be certified for Prestressed Precast Concrete Products under CSA A23.4/A251. 

	1.5 Inspection and Testing 
	.1 Inspection and testing to be performed by a firm appointed and paid by the City.  Notify Contract Administrator at commencement of shop work so inspection and testing may be scheduled for the appointed firm. 
	.2 Provide free access to all portions of manufacturing plant and cooperate with appointed firm. 
	.3 If requested by the Contract Administrator, submit proposed mix design for review prior to commencement of work. 
	.4 Testing of cement and aggregates may be required to ensure conformance with requirements stated herein. 
	.5 Testing of concrete will be performed in accordance with CAN/CSA A23.2-00 and CSA A23.4. 
	.6 If defects are revealed during testing of concrete and/or review of fabricated precast concrete deck members, Contract Administrator will request additional testing and/or review to ascertain full degree of defects. 
	.7 Correct defects and/or irregularities to the satisfaction of Contract Administrator.  Further testing and/or review, under similar conditions as earlier, will be performed.  Pay all costs for retesting and additional review. 
	.8 Test results will be issued to Contractor, Contract Administrator, and City. 

	1.6 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals, and CSA A23.4. 
	.2 Prepare Shop Drawings signed and sealed by a Professional Engineer registered in the Province of Manitoba, fully experienced in design of precast concrete structural units. 
	.3 Provide for Contract Administrator’s review, copies of design calculations for reinforcing, hoisting, and connection and anchorage devices. 
	.4 Clearly indicate product locations, fabrication details, unit identification marks, reinforcement, connection details, dimensions, erection support points, openings complete with steel framing if required, anchors and relationship to adjacent materials in sufficient detail to cover manufacture, handling, and erection. 
	.5 Do not proceed with fabrication until Shop Drawings and design calculations have been reviewed by Contract Administrator. 

	1.7 Transportation, Handling, and Storage 
	.1 Handle all precast members in a position consistent with their shape and design.  Do all lifting and supporting only from support points indicated on Shop Drawings. 
	.2 Embedded lifting or handling devices are to be capable of supporting members in all positions anticipated during manufacture, storage, transportation, and erection.  Maintain capacity of lifting devices sufficient to resist forces of minimum 2.5 times weight of member. 
	.3 Deliver members to Site completely finished.  Clearly mark members as indicated on Shop Drawings, with date of production and final position on structure. 
	.4 Block and laterally brace members during transport and while stored on Site.  Provide lateral bracing sufficient to prevent bowing and warping.  Blocking and bracing shall be clean, non staining, and shall facilitate uniform curing of exposed surfaces. 
	.5 Provide edges of members with adequate protection to prevent staining, chipping, or spalling of concrete. 

	2. PRODUCTS 
	2.1 Concrete Materials 
	.1 Cement: normal Portland cement Type 10, conforming to CAN/CSA-A5 
	.2 Fine and Coarse Aggregates: conforming to CSA A23.4, from a single source for each type of aggregate for entire Work of this Section 
	.3 Water: potable, free of deleterious matter that may interfere with finish, strength, and colour of concrete 
	.4 Grout: minimum twenty eight (28) day compressive strength of 30 MPa 

	2.2 Concrete Mix 
	.1 Concrete for hollow core: exposure Class N. 

	2.3 Admixtures 
	.1 Air entrainment: conforming to ASTM Standard C260 
	.2 Chemical admixtures: conforming to ASTM Standard C494 

	2.4 Reinforcement 
	.1 Reinforcing Steel: 400 MPa yield grade, deformed billet steel bars conforming to CAN/CSA G30.18 plain finish. 
	.2 Reinforcing Wire: 480 MPa yield grade, deformed steel wire, conforming to ASTM A496, plain finish. 
	.3 Welded Steel Wire Fabric: plain type conforming to ASTM A185, plain finish.  After fabrication, the welded steel wire fabric shall be hot dipped galvanized.  Galvanizing to conform to CAN/CSA-G164; minimum 610 g/m2. 
	.4 Prestressing Tendons: uncoated seven-wire, stress relieved strand, conforming to CSA G 279. 
	.5 Structural Steel:  conforming to requirements of Section 05120 – Structural Steel. 

	2.5 Hardware 
	.1 Connections, Supporting Devices: Type W minimum Grade 300 MPa steel, conforming to CAN/CSA G40.21, all galvanized to CAN/CSA-G164, 610 g/m2 min. zinc coating after fabrication.  Clean all members receiving galvanizing material to SSPC SP-10 “Near White Blast Cleaning.” 
	.2 Bolts, Nuts, and Washers: conforming to ASTM A325, hot dipped galvanized. 
	.3 Anchors, Inserts: patented, load-tested galvanized steel. 
	.4 Welding Materials: conforming to CSA W48 Series, to match material being welded.  No welding of reinforcing steel will be allowed. 

	2.6 Prime Paint 
	.1 Touch-up Primer: zinc dust/zinc oxide alkyd type, Galvalume or Galvalloy. 

	2.7 Fabrication 
	.1 Maintain plant records and quality control program during the production of precast structural concrete, as required by CSA A23.4/A251, Appendix D.  Make records available to Contract Administrator upon request. 
	.2 Use forms and beds that are rigid, adequate to withstand prestressing forces and constructed of materials that will result in finished products conforming to requirements stated herein and on Drawings. 
	.3 Establish concrete mix design by tests on trial batches to achieve required strengths.  Maintain water content as constant as possible during manufacture. 
	.4 Provide concrete protection of reinforcement in accordance with CSA A23.4. 
	.5 Deposit and vibrate concrete to ensure proper consolidation, elimination of unintentional cold joints, and to minimize entrapped air on surfaces. 
	.6 Fabricate all required connecting devices, plates, angles, inserts, bolts, and accessories. 
	.7 Provide anchors and inserts to support loads for other trades sized and located as shown on Drawings. 
	.8 Perform shop welding of connecting and supporting devices in accordance with requirements of CSA W59. 
	.9 Ensure anchors, inserts, plates, angles, and other cast-in items are accurately located.  Maintain in position while concrete is placed and consolidated. 
	.10 Incorporate all openings, which are not to be cored or cut on site, during fabrication. 

	2.8 Finish 
	.1 Finish deck slabs to conform to requirements of CSA A23.4 for installation of roofing systems. 


	3. EXECUTION 
	3.1 Erection 
	.1 Provide temporary bracing for all stresses and induced loads during erection.  Maintain temporary bracing in place until final support is provided. 
	.2 Provide all hoisting equipment and operate in accordance with all applicable safety regulations. 
	.3 Discontinue Work and advise Contract Administrator when members require adjustment beyond design criteria.  Perform required modifications at no cost to the City. 
	.4 Erect members without damage to shape or finish.  Replace or repair damaged members to satisfaction of Contract Administrator, at no cost to the City. 
	.5 Erect all units level, plumb, square, and true within allowable tolerances. 
	.6 Securely fasten units in place. 
	.7 Perform welding of connecting and supporting devices in accordance with requirements of CSA W59. 
	.8 Prime paint field welds and touch up scratched and damaged galvanized surfaces. 
	.9 Field cutting and drilling are not permitted without prior written authorization from the Contract Administration unless shown on the Shop Drawings. 
	.10 Openings shall be located through voids only; under not circumstances shall prestress  strands be severed without written authorization from Contract Administrator and precast Manufacturer. 
	.11 Power actuated fasteners shall not be used for securing supports for pipe, conduits, etc.  Locations and types of fasteners shall be acceptable to the Contract Administrator and precast Manufacturer.  
	.12 Grout differential camber over 6 mm between tops of adjacent roof deck slabs with 1:3 mixture of cement and sand.  Trowel and feather grout to smooth slope, not exceeding 1:12. 
	.13 Fill all joints and grout keys between hollow core slabs with 1:3 mixture of cement and sand, trowel smooth. 
	.14 Remove all grout from underside of hollow core slabs and walls and floors immediately after grouting. 
	.15 Grout all erection pockets upon completion of erection. 

	3.2 Cleaning 
	.1 Clean all exposed precast concrete surfaces and clean all surfaces with spilled or splattered from grouting operations. 
	.2 Wash and rinse surfaces in accordance with precast Manufacturer’s recommendations.  Do not use cleaning solutions that will harm surface finishes and other adjacent construction (concrete, masonry, steel, aluminum, glass, and any other adjacent surfaces). 
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	1. GENERAL 
	1.1 Work Included 
	.1 Work under this Section includes, but is not necessarily limited to, the following items: 
	.1 Excavation to required elevations for the base slabs and footings. 
	.2 Supply and placement of granular levelling material below void form. 
	.3 Supply, placement, and compaction of backfill and fill materials to attain indicated grades and profiles. 
	.4 Disposal of surplus excavated material. 
	.5 Dewatering of excavations. 


	1.2 Reference Standards 
	.1 Conform to requirements of the NBC and the Canadian Construction Safety Code. 
	.2 Comply with excavation and trenching regulations of Provincial authorities. 

	1.3 Submittals 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 If shoring, bracing, or sheet piling are used, submit design documentation signed and sealed by a qualified Professional Engineer registered in the Province of Manitoba. 

	1.4 Samples 
	.1 For granular materials, submit a 25 kg sample for coarse, gravelly soil or 75 kg sample for coarse, crushed stone of each type, clearly labelled for type and source of the materials, for analysis by testing laboratory.  Ship samples prepaid or deliver in tightly closed containers to testing laboratory designated by Contract Administrator. 
	.2 There shall be no charge for any materials taken by the Contract Administrator for testing purposes. 
	.3 All materials shall be reviewed and accepted by the Contract Administrator at least ten (10) days before any construction is undertaken. 
	.4 Costs for analysis will be paid by the City. 

	1.5 Compaction Testing 
	.1 Testing of compacted fill materials will be performed by an independent inspection and testing firm appointed and paid by the City.  Testing will be performed so as to least encumber the performance of the Work. 
	.2 The City will pay for the first series of tests only, on the area being evaluated.  Pay costs for additional testing, if required, due to improper performance of Work. 
	.3 Tests will be performed in accordance with ASTM D698 for Standard Proctor Density on representative samples to control compaction requirements.  The Contract Administrator will decide the frequency and number of tests required. 
	.4 The field density of the compacted layers shall be verified by field density tests in accordance with ASTM D2922, using nuclear methods performed by the inspection and testing firm.  The frequency and number of tests required will be decided by the Contract Administrator. 
	.5 Notify the Contract Administrator when Work of this Section or portions of Work are completed to own satisfaction.  Do not proceed with additional portions of Work until test results have been verified and accepted. 
	.6 If tests indicate that compacted materials do not meet specified required materials, remove defective Work, replace, and re-test at own expense as directed by the Contract Administrator. 
	.7 Ensure compacted fills are tested and accepted before proceeding with placement of surface materials. 

	1.6 Geotechnical Information 
	.1 Refer to Specification E2 for a list of test hole logs and reports available associated with the Site. 

	2. PRODUCTS 
	2.1 General 
	.1 All materials to be subject to Contract Administrator's acceptance. 
	.2 Granular materials to be composed of sound, hard, uncoated particles, free from injurious quantities of clay, flaky particles, soft shale, friable materials, roots, vegetable matter, and frozen lumps. 
	.3 Grading of granular materials to show no marked fluctuations between opposite ends of extreme limits. 
	.1 Type 1:  pit run granular backfill shall consist of a clean, well-graded, and free-draining pit run material with a maximum size of 75 mm, and less than 5% by weight finer than 0.075 mm. 
	.2 Type 2:  crushed gravel graded within following limits: 
	At least 60% of material retained on 5 mm sieve to have at least one (1) freshly fractured face. 

	.4 Type 3:  pit run sand for levelling with maximum stone size 40 mm. 
	.5 Type 4:  common clay backfill shall be free from organic material and rocks larger than 150 mm in size and building debris.  Fill under landscaped areas to be free from alkali, salt, petroleum products and other materials detrimental to plant growth.  Common backfill shall be obtained from Disposal Sites 1 and 2 indicated on the Drawings subject to review by Contract Administrator. 


	3. EXECUTION 
	3.1 Finish Elevations and Lines 
	.1 For setting and establishing finish elevations and lines, secure the services of a registered surveyor or experienced instrumentman acceptable to the Contract Administrator. 
	.2 Carefully preserve all data and all monuments set by the registered surveyor.  If displaced or lost, immediately replace to the acceptance of the Contract Administrator, at no additional cost to the City. 

	3.2 Excavation 
	.1 Perform excavation in strict compliance to Work Place Safety and Health and authorities have jurisdiction. 
	.2 Excavate to noted limits and as required for walls and foundations.  Stockpile material to be used for backfilling on-site as directed by the Contract Administrator.  Excess material is to be disposed of immediately as per Item 3.6, Disposal. 
	.3 When complete, request Contract Administrator to review excavations. 
	.4 Local pockets of material which, in the opinion of the Contract Administrator are unsuitable, shall be removed to such depths as required by the Contract Administrator. 
	.5 The completed excavation shall provide clean, level, solid, and water-free surfaces at the required elevations, ready to receive construction. 
	.6 Excavations are not to encroach on existing slopes and as indicated in the geotechnical information. 
	.7 Backfill and compact all over-excavated areas under structure surfaces with Type 1 fill and compact to 90% Standard Proctor Density and at no additional cost to the City. 
	.8 Make good all damage occurring as a result of inadequate, unauthorized, or defective methods of protection. 
	.9 Areas used for temporary stockpiling shall be restored to existing condition or better. 

	3.3 Shoring, Bracing, and Sheet Piling 
	.1 Supply and install all shoring, bracing, and sheet piling required to prevent injury to personnel and damage to existing structures and excavations, and where necessary for safe work within the excavated areas. 
	.2 Comply with all applicable rules and regulations of governmental authorities. 
	.3 Erect shoring, bracing, and sheet piling independent of utilities and structures. 
	.4 Prefabricated cages or shields may be used to supplement or replace conventional shoring, provided they comply with all applicable safety regulations and permit placing and compacting of backfilling material around new construction. 
	.5 Maintain shoring, bracing, and sheet piling during backfilling and remove in stages as backfilling progresses. 
	.6 Remove all shoring, bracing, and sheet piling unless otherwise permitted by the Contract Administrator. 
	.7 If shoring, bracing, and sheet piling are allowed to remain, cut off to an elevation at least 1,000 mm below finish grade and structures. 
	.8 Assume full responsibility for any failure, collapse, or movement of existing structures, shoring, bracing, sheet piling, earth banks, trenches, and other excavations. 

	3.4 Dewatering 
	.1 Provide Site drainage and dewatering around the structures in accordance with Specification E6. 

	3.5 Backfilling, Fill, and Compaction 
	.1 Preparation 
	.1 Ensure areas to be backfilled are free from debris, snow, ice, and water and that ground surfaces are not in a frozen condition. 

	.2 Backfilling and Filling 
	.1 Backfill and fill to grades, contours, levels, and elevations indicated on Drawings. 
	.2 Do not backfill against foundation walls until the perimeter drainage system has been installed and accepted by the Contract Administrator. 
	.3 Do not backfill against foundation walls until the floor slab framing into the walls has been completed and without the prior permission of the Contract Administrator.  The wall concrete must have attained the twenty eight (28) day minimum compressive strength and the slab concrete must have attained 75% of the twenty eight (28) day minimum compressive strength before backfilling. 
	.4 Maintain optimum moisture content of materials to permit compaction to specified densities. 
	.5 Compact each soil layer to at least the specified minimum degree; repeat compaction process until plan grade is attained.  Compaction densities indicated herein are based on ASTM D698 for Standard Proctor Density. 

	.3 Bedding over Sub-Grade 
	.1 Type 1 pit run gravel fill for over excavation shall be placed in uniform lifts not greater than 200 mm in thickness and shall be compacted to a density of at least 95% Standard Proctor Density. 
	.2 Type 3 pit run sand for the levelling layer shall be spread on the subgrade in varying thickness as required (nominal 50 mm) to attain smooth surfaces and required elevations indicated on the Drawings for the placement of the voidform under the footings and base slabs. 

	.4 Backfill around Structure Walls 
	.1 Type 1 pit run gravel fill and Type 4 common clay backfill shall be placed in lifts not greater than 200 mm in thickness to the extents shown on the Drawings and shall be compacted to a density of at least 95% Standard Proctor Density to allow equipment tractability and limit settlement, but not result in a significant decrease in permeability of the Type 1 pit run gravel. 
	.2 Successive lift placement of Type 1 and Type 4 shall be coordinated so that the maximum difference in the elevations of the respective working surfaces shall not exceed 200 mm. 
	.3 The top three layers of Type 4 common clay fill shall be placed in lifts not great than 150 mm in thickness and each compacted lift shall be scarified a minimum of 50 mm prior to placement of successive lifts to ensure adequate bonding between each lift.  A homogeneous, continuous, low permeability zone of impervious clay shall be achieved, free from any clay lumps, cracks, rutting, or deleterious material, to the satisfaction of the Contract Administrator. 
	.4 Type 2 crushed gravel under concrete slabs on grade shall be placed in uniform lifts not greater than 150 mm in thickness and shall be compacted to a density of at least 100% Standard Proctor. 
	.5 Care shall be taken when placing fill materials immediately adjacent to the structure to ensure no damage occurs to the wall and any covering materials.  Any damage shall be repaired by the Contractor at his expense. 

	.5 Sub-drain 
	.1 Requirements for the sub-drain coarse granular drainage material for the perimeter and roof are specified in Section 02620 – Sub-Drainage. 


	3.6 Disposal 
	.1 Surplus material not required for backfill and fill purposes shall be disposed of on Site to a location designated by the Contract Administrator at no extra cost to the City. 

	3.7 Clean-Up 
	.1 As excavation proceeds, keep roads, streets, and sidewalks clean of dirt and excavated material. 
	.2 Clean-up and wash down to remove all dirt and excavated materials caused by Work of this Section. 
	.3 Clean at the end of each working day. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply, pick-up, delivery, and installation of precast concrete piles. 

	1.2 Storage, Handling, and Installation 
	.1 Protect piles from damage due to excessive bending stresses, impact, abrasion, or other causes from point of pick-up and during storage and handling.  Install piles to stated driving tolerances. 
	.2 The Contract Administrator shall be the sole judge of the acceptability of supplied piles. 
	.3 Replace rejected piles to satisfaction of Contract Administrator.  Causes for pile rejection are as follows: 
	.1 Out of fabrication tolerances at time of installation 
	.2 Cracked, spalled, or broken piles 
	.3 Out of stated driving tolerances 


	1.3 Geotechnical Information 
	.1 Refer to Specification E2 for a list of test hole logs and reports available associated with the Site. 
	.2 Notify Contract Administrator in writing if subsurface conditions at Site differ materially from those indicated and await further instructions from Contract Administrator. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Piles shall be fabricated and supplied as specified in Section 02468 – Precast Concrete Piles. 
	.2 Piles shall be fabricated full length piles without cutting and splicing requirements.  Contractor shall provide equipment to handle full length piles. 
	.3 If pile extensions are required and allowed by the Contract Administrator, the pile extensions shall be constructed in accordance with the details shown on the Drawings.   


	3. EXECUTION 
	3.1 Delivery, Storage, and Handling 
	.1 Protect piles from damage due to excessive bending stresses, impact, abrasion, or other causes during delivery, storage, and handling. 

	3.2 Equipment 
	.1 Prior to the commencement of pile installation, submit details of equipment for installation of piles to Contract Administrator for review. 
	.2 Hammer: 
	.1 Impact hammers:  provide Manufacturer's name, type, rated energy per blow at normal working rate, mass of striking parts of hammer, mass of driving cap and type and elastic properties of hammer and pile cushions. 
	.2 Hammers with proven performance in local conditions for piles of the same size specified for this Work will be accepted for use on this Work.  For other hammers the driveability analysis as outlined in the following paragraphs shall be submitted to the Contract Administrator for review prior to driving piles. 
	.3 Hammers to be selected on the basis of driveability analysis using wave equation theory, performed to show that piles can be driven to levels indicated. 
	.4 The driveability analysis shall include, but not be limited to, the following: hammer, cushion, and capblock details; static soil parameters; quake and damping factors, total soil resistance, blow count, pile stresses, and energy throughput at representative penetrations. 
	.5 Driveability analysis shall be submitted to the Contract Administrator for review of the hammer or hammers. 
	.6 When required criteria cannot be achieved with the proposed hammer, use larger hammer and take other measures as required. 
	.7 Drop hammers are not permitted. 

	.3 Leads: 
	.1 Construct pile driver leads to provide free movement of hammer.  Hold leads in position at top and bottom, with guys, stiff braces, or other means to ensure support to pile while being driven. 
	.2 Length:  provide length of leads so that use of a follower is unnecessary. 
	.3 Swing leads:  firmly guy top and bottom to hold pile in position during driving operation. 

	.4 Followers: 
	.1 When permitted, provide followers of such size, shape, length, and mass to permit driving pile in desired location to required depth and resistance. 
	.2 Provide followers with socket or hood carefully fitted to top of pile to minimize loss of energy and prevent damage to pile. 


	3.3 Preparation 
	.1 Ensure that ground conditions at pile locations are adequate to support pile driving operation and load testing operation.  Make provision for access and support of piling equipment during performance of work. 
	.2 Pre-bore with a 400 mm diameter auger bit to a depth no lower than elevation 224.600. 

	3.4 Field Measurement 
	.1 Contractor shall cooperate with the Contract Administrator and shall allow access during the pile installation operations so that all the field measurements can be performed expeditiously. 
	.2 Field measurements for each pile will include: 
	.1 Type and make of hammer, stroke, and related energy 
	.2 Other driving equipment including water jet, driving cap, and cushion 
	.3 Pile size and length, location of pile in pile group, and location or designation of pile group 
	.4 Sequence of driving piles in group 
	.5 Number of blows per 25 mm for last 150 mm 
	.6 Initial tip, final tip, and cut-off elevations 
	.7 Re-driving records 
	.8 Other pertinent information such as interruption of continuous driving and pile damage 
	.9 Record elevation taken on adjacent piles during, before, and after driving of each pile 


	3.5 Driving 
	.1 Drive precast piles only when concrete has attained strength of 35 MPa as determined by related concrete compression testing in accordance with CAN/CSA A23.2-00.  Use driving caps and cushions to protect piles.  Reinforce pile heads as required by Contract Administrator.  Piles with damaged heads as determined by Contract Administrator will be rejected. 
	.2 Hold piles securely and accurately in position while driving. 
	.3 Deliver hammer blows along axis of pile. 
	.4 Drive piles to practical refusal, as outlined in the geotechnical information.  Blow count requirements shall be determined by the Contract Administrator.  If followers are used, established criteria for refusal will be increased by 50%. 
	.5 When driving piles, adjust hammer as required to deliver reduced impact, so that reflected tensile stress in pile does not exceed allowable. 
	.6 Do not drive piles within 10 m of masonry or concrete that has been in place less than seven (7) calendar days.  Do not drive piles within 30 m of masonry or concrete that has been in place less than one calendar (1) day. 
	.7 Re-strike already driven piles lifted during driving of adjacent piles to confirm and assure set. 
	.8 Remove loose and displaced material from around piles after completion of driving, and leave clean, solid surfaces to receive foundation concrete. 
	.9 Cut off piles neatly and squarely at elevation ranges as indicated on the Drawings.  Final cut off elevations will be confirmed during construction.  Provide sufficient length above cut off elevation so that the part damaged during driving is cut off.  Do not cut tendons or other reinforcement which will be used to tie supported structure above to pile.  A minimum of 450 mm of strands shall remain for this purpose.  The cut off surface of the piles shall be mechanically chipped to expose sound concrete. 
	.10 Remove cut-off lengths from site on completion of work. 

	3.6 Design Load Capacity 
	.1 Allowable design load capacity of piles at specified loads is: 
	.1 400 millimetres diameter hex - 800 kN 

	.2 Installation of each pile will be subject to the review of the Contract Administrator.  Contract Administrator will be the sole judge of acceptability of each pile with respect to final driving resistance, depth of penetration, or other criteria used to determine load capacity.  Contractor shall allow Contract Administrator to review final driving of all piles prior to removal of pile driving rig from Site. 

	3.7 Driving Tolerances 
	.1 Pile heads shall be within ± 100 mm of locations as indicated. 
	.2 Piles shall not to be more than 2% of length out of vertical alignment. 

	3.8 Obstructions 
	.1 Where obstruction is encountered that causes sudden unexpected change in penetration resistance or deviation from specified tolerances, proceed as directed by the Contract Administrator. 

	3.9 Repair/Restoration 
	.1 The Contract Administrator may require one (1) or more of the following remedial measures: 
	.1 Remove rejected pile and replace with a new, and if necessary, a longer pile 
	.2 Remove rejected piles, fill holes, and replace with new piles 
	.3 Leave rejected piles in place and cut off as directed by Contract Administrator 
	.4 Leave rejected pile in place, place adjacent pile(s), and modify pile cap as directed by Contract Administrator 

	.2 No extra compensation will be made for removing and replacing or other work made necessary through rejection of defective piles. 

	3.10 Protection 
	.1 Protect adjacent structures, services, and Work of other Sections from hazards due to pile driving operations. 
	.2 Arrange sequencing of pile driving operations and methods such that no damage occurs to adjacent existing structures.  If damaged, remedy damaged items to restore to original or better condition at own expense. 
	.3 Undertake review of all adjacent infrastructure with the Contract Administrator complete with a photographic record sufficient to establish pre-driving conditions of the existing adjacent infrastructure. 
	.4 Protection for pile strand ends: 
	.1 Highly visible protection safety caps shall be installed for all pile reinforcing strand ends immediately following strand exposure operations.  One (1) protection cap may be used for each pile by grouping and securely tying the strands. 
	.2 The protection caps shall be highly visible and shall be made secure so that accidental contact will not easily dislodge the caps.  Dislodged caps shall be re-installed immediately. 
	.3 Pile reinforcing strands shall be protected from severe bending.  Kinked or broken strands shall be repaired to the satisfaction of the Contract Administrator. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Fabrication, storage, and loading of 400 mm diameter precast concrete piles. 

	1.2 References 
	.1 CSA 
	.1 CAN/CSA-A23.1-00/A23.2-00, Concrete Materials and Methods of Concrete Construction/Methods of Test for Concrete. 
	.2 CSA A23.4, Precast Concrete – Materials and Construction. 
	.3 CAN/CSA-A3000, Cementitious Materials Compendium (consists of A3001, A3002, A3003, A3004, and A3005). 

	.2 ASTM 
	.1 ASTM A416/A416M, Standard Specification for Steel Strand, Uncoated Seven-Wire for Prestressed Concrete. 
	.2 ASTM C260, Standard Specification for Air-Entraining Admixtures for Concrete. 


	1.3 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Each drawing submitted shall bear the signature and stamp of a qualified Professional Engineer registered in the Province of Manitoba. 
	.3 Indicate the following items: 
	.1 Lifting point details and locations 
	.2 Storage support point locations 
	.3 Mechanical pile splice details complete with calculations 
	.4 Rock points 
	.5 Concrete strength 
	.6 Reinforcing details 
	.7 Type and grade of steel 


	1.4 Certificates 
	.1 Piles delivered to the Site to be certified by Manufacturer that each batch of piles to have strength of 35 MPa at twenty eight (28) days. 

	1.5 Review and Monitoring 
	.1 Provide free access to all portions of Work and cooperate with testing and inspection firm retained and paid by the City. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Concrete mixes and materials:  to CSA-A23.1-00 and CSA-A23.4. 
	.2 Reinforcing steel:  to CAN/CSA-G30.18. 
	.3 Cold-drawn steel wire for concrete reinforcement:  to ASTM A416/A416M. 
	.4 Spiral reinforcing: 6 mm diameter hot-rolled rod conforming to Chemical Composition Specification C1008, minimum yield strength 250 MPa. 
	.5 Supply or fabricate full length piles as indicated and provide equipment to handle full length piles without cutting and splicing. 

	2.2 Concrete Mixes 
	.1 Proportion normal density concrete in accordance with CSA-A23.1-00, Alternative 1, to give following properties: 
	.1 Class of exposure:  S-1 
	.2 Cement:  Type 50 Portland Cement in accordance with CAN/CSA-A3000 
	.3 Minimum compressive strength at twenty eight (28) days:  35 MPa 
	.4 Maximum water to cementitious material ratio:  0.34 
	.5 Nominal size of coarse aggregate:  19 mm maximum 
	.6 Air content:  3 to 6%, to ASTM C260 
	.7 Chemical admixtures:  in accordance with CAN/CSA-A3000 
	.8 Pozzolanic mineral admixtures:  in accordance with CAN/CSA-A3000 



	3. EXECUTION 
	3.1 Fabrication 
	.1 Fabricate precast concrete piles to lengths as specified. 
	.2 Fabricate piles to following finish tolerances: 
	.1 Length:  ± 3 mm/m of length 
	.2 Cross section: 
	.1 Solid sections:  - 5 to plus 10 mm 
	.2 Deviation from straight line:  not more than 3 mm/m of length and not more than 10 mm in full length 
	.3 Deviation of reinforcing cage from true position:  10 mm 
	.4 Pile head:  10 mm/m from true right angle plane; surface irregularities 3 mm 
	.5 Location of reinforcing steel main reinforcing cover:  - 3 to plus 5 mm; spiral:  10 mm 
	.6 Strand projection:  strands shall be cut off flush or slightly below pile head surface for driving 


	.3 Prestress piles under the direction of an experienced and competent supervisor.  All personnel operating the stressing equipment shall have been trained in its use. 
	.4 De-tension in a manner to keep eccentricity to a minimum. 

	3.2 Handling, Storage, and Delivery 
	.1 Inspection of the fabricated product upon shipment and certification that the product is free from any damage or defects. 
	.2 Replace damaged piles to satisfaction of Contract Administrator. 
	.3 Protect piles from damage due to excessive bending stresses, impact, abrasion, or other causes during storage and handling. 
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	DELETE 
	1. GENERAL 
	1.1 Section Includes 
	.1 Materials and installation for constructing subdrains. 

	1.2 Reference Standards 
	.1 Conform to requirements of the NBC and the Canadian Construction Safety Code. 
	.2 Comply with excavation and trenching regulations of Provincial authorities. 

	1.3 Samples 
	.1 Submit samples in accordance with Section 01300 – Submittals. 
	.2 All materials incorporated into the Work of this Specification shall be subject to review and testing by the Contract Administrator, including all operations from the selection and separation of the materials, through to final acceptance of the specified Work. 
	.3 The Contractor shall be wholly responsible for the control of all operations incidental to the Work, notwithstanding any review or acceptance that may have previously been given. 
	.4 The Contract Administrator reserves the right to reject any materials or works which are not in accordance with the requirements of this Specification. 
	.5 There shall be no charge for any materials taken by the Contract Administrator for testing purposes. 
	.6 For granular materials, submit a 25 kg sample.  Ship samples prepaid or deliver in tightly closed containers to testing laboratory designated by Contract Administrator. 
	.7 Costs for analysis will be paid by the City. 

	1.4 Delivery, Storage, and Handling 
	.1 During delivery and storage, protect geotextiles from direct sunlight, ultraviolet rays, excessive heat, mud, dirt, dust, debris, and rodents. 
	.2 The geotextile shall remain wrapped in a protective covering until it is used. 
	.3 The Contractor shall ensure that breakdown or contamination of the subdrain materials does not occur due to any handling or hauling, including contamination from hauling equipment. 

	2. PRODUCTS 
	2.1 Material 
	.1 Coarse Granular Drain Material 
	.1 The coarse granular for the subdrains and roof granular drainage zones shall consist of a clean and processed, free draining granular material for use as a high permeability backfill. 
	.2 The granular drain material shall consist of clean, a processed granular material pea gravel, ranging in size from 5 to 19 mm.  The material shall be free from sod, roots, organics, snow, and any other deleterious material. 
	.3 Individual rock particles shall be dense, sound, and resistant to abrasion and shall be free of cracks, seams, and other defects that would tend to reduce resistance to destruction by water and frost action.  The Los Angeles Abrasion Loss, determined using ASTM test procedures, shall not exceed 30%. 

	.2 Geotextile 
	.1 Nonwoven geotextile filter fabric at least 4.6 m in width. 
	.2 Minimum tensile strength:  800 N to ASTM D4632 Grab Test or CAN/CGSB 4.2 No. 9.2. 
	.3 Minimum trapezoid tear:  330 N to ASTM D4533 or CAN/CGSB 4.2 No. 11.2. 
	.4 Minimum equivalent opening size:  0.210 mm to ASTM D4751. 
	.5 Acceptable products:  Trevira 1125 or Texel 7612. 

	.3 Drainage Pipe 
	.1 Perforated PVC Pipe 
	.1 The perforated pipe shall be 200 mm nominal diameter, Schedule 80 PVC pipe with standard perforations of two (2) rows of 5 mm diameter holes positioned at 120˚ radially along the pipe.  The longitudinal spacing of the holes shall be at 75 mm center to center along the length of the pipe. 
	.2 All fittings for the drain pipe, including bends, tees, elbows, and couplings shall be 200 mm nominal diameter, Schedule 80 PVC. 

	.2 Solid PVC Pipe 
	.1 The solid pipe shall be 200 mm nominal diameter, Schedule 80 PVC pipe. 
	.2 All fittings for the drain pipe, including bends, tees, elbows, and couplings shall be 200 mm nominal diameter, Schedule 80 PVC. 




	3. EXECUTION 
	3.1 Geotextile 
	.1 All work related to the geotextile storage, handling, and installation shall comply with the procedures and recommendations of the manufacturers 
	.2 Prior to placing the fabric, the bedding material shall be cleared of all unsuitable material to provide a smooth uniform surface to prevent puncturing or tearing the fabric. 
	.3 The fabric shall be overlapped at all joints a minimum of 600 mm.  The overlap shall be pinned or secured. 
	.4 The fabric shall be loosely placed in order to allow conformity to the bedding surface.  Folds and wrinkles in the fabric shall be avoided.  Pins, nails, or weights shall be installed to hold the fabric in place.  A minimum of 300 mm of material shall be placed over the fabric prior to equipment passage. 
	.5 If geotextile is damaged, inform Contract Administrator and repair the damage immediately.  All fill material shall be cleared a minimum of 1 m around the damaged area.  The damaged area shall be covered with a geotextile patch extending 1 m beyond the perimeter of the damage.  The fill material shall be replaced and compacted to the specified density. 

	3.2 Granular Drain Material 
	.1 The coarse granular drain material in the subdrains shall be placed in such a manner that no damage to the geotextile will occur. 
	.2 Some hand placing and levelling may be required to procure a neat and uniform surface conforming to the shape, dimensions, and grades shown on the Drawings and to ensure that adequate support below the haunches of the drain pipe is provided. 
	.3 The coarse granular drain material shall be placed in lifts not greater than 150 mm in thickness and shall be compacted to a density of at least 95% Standard Proctor Density to ASTM D698.  Surround the perforated pipes as shown on the Drawings. 
	.4 Do not place granular material in frozen conditions. 

	3.3 Perforated and Solid PVC Pipe 
	.1 All pipes shall be placed at the locations and inverts shown on the Drawings. 
	.2 Care shall be taken to protect the pipe from damage, collapse, or crushing, particularly from equipment passage.  Damaged pipe shall be replaced at the Contractor’s expense. 
	.3 The perforated pipes shall be placed on a minimum 50 mm of bed of coarse granular drain material at invert elevations shown on the Drawings.  Place pipe true to line and grade with inverts smooth and free of sags or high points.  Ensure barrel of each pipe is in contact with bed along full length with particular attention below the haunches. 
	.4 Lay perforated pipes with perforations downwards at 4 o’clock and 8 o’clock positions. 
	.5 Make joints tight in accordance with Manufacturer’s instructions. 
	.6 Plug open upstream ends of pipes with watertight covers. 
	.7 Backfill of the solid PVC pipe and connections to the sump pits shall conform to CW 2130 R10. 

	3.4 Disposal 
	.1 Surplus material not required shall be disposed of off Site within the City limits to a location designated by the Contract Administrator at no extra cost to the City. 

	3.5 Clean-Up 
	.1 As work proceeds, keep all work areas clean of dirt, excavated material, and construction debris. 
	.2 Clean at the end of each working day. 
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	1. GENERAL 
	.1 Culvert Installation shall for the GWWD Railway embankment shall be in accordance with Specification CW 3170-R3, ”Installation of Culverts” except where noted, revised, or supplemented in this Specification. 
	2. PRODUCTS 
	2.1 General 
	.1 The Contractor shall supply railway ballast in accordance with the requirements hereinafter specified. 
	.2 Railway ballast shall be composed of hard, strong and durable particles, clean and free from injurious amounts of deleterious substances and conforming to the following requirements of this Specification 
	.1 The limits for deleterious substances are as follows: 
	.1 Soft and friable pieces 5.0% 
	.2 Material finer than No. 200 Sieve 2.0% 
	.3 Clay lumps 0.5% 


	.3 The percentage of wear shall be less than 32%, as determined by the LA Abrasion Test, ASTM Designation C131. 
	.4 The soundness loss shall be less than 13.0%, as determined by the magnesium sulphate soundness test for coarse aggregate, ASTM Designation C88. 
	.5 The railway ballast shall contain less than 25% by mass of flat pieces.  In case of dispute, the test method “Determination of Flakiness Index”, British Standard B12, shall be used. 
	.6 The minimum bulk specific gravity shall be 2.60, ASTM Designation C127. 
	.7 At least 60% of the railway ballast shall have two (2) or more fractured faces. 
	.8 Railway ballast shall conform to the following gradation in accordance with ASTM Designation C136 and C117:
	 


	3. EXECUTION 
	3.1 General 
	.1 The City of Winnipeg will be responsible for removing and re-installing the ties and rail.  At least two days notice shall be given to the GWWD (City of Winnipeg).  The Contractor shall notify the Contractor Administrator. 
	.2 The Contractor shall complete the excavating, culvert installation, and backfilling within a twenty four (24) hour period following removal of the ties and rail.   
	.3 The Contractor shall excavate to the lines and grades as specified by the Contract Administrator and install the culvert according to CW3170-R3. 
	.4 After proper placement and backfill of the culvert the Contractor shall rebuild the subgrade and sub-ballast structure to match the existing. 
	.5 The sub-ballast layer shall be a minimum of 300 mm in thickness.  The Contractor shall utilize a 50 mm down crushed limestone material meeting CW3110-R7.  It shall be placed and compacted according to CW3110-R7. 
	.6 The ballast material layer shall be a minimum of 300 mm in thickness.  The Contractor shall supply this material and place in a stockpile location as approved by the Contract Administrator.  The material will then be utilized by the GWWD when the ties and rails are re-installed. 
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	1. SHOP DRAWINGS 
	1.1 General 
	.1 Arrange for the preparation of clearly identified Shop Drawings as specified or as the Contract Administrator may reasonably request.  Shop Drawings are to clearly indicate materials, methods of construction, and attachment or anchorage, erection diagrams, connections, explanatory notes, and other information necessary for completion of the Work.  Where articles or equipment attach or connect to other articles or equipment, clearly indicate that all such attachments and connections have been properly coordinated, regardless of the trade under which the adjacent articles or equipment will be supplied and installed.  Shop Drawings are to indicate their relationship to design Drawings and Specifications.  Notify the Contract Administrator of any deviations in Shop Drawings from the requirements of the Contract Documents to allow the Contract Administrator to assess the deviations. 
	.2 Where all or part of the Shop Drawings are to be prepared under the stamp and seal of a Professional Engineer registered in the Province of Manitoba, the Contract Administrator will limit that review to an assessment of the completeness of the part of the submission so stamped and sealed. 

	1.2 Electrical and Controls Installation Information 
	.1 Key information will be taken from Shop Drawings to prepare electrical and instrumentation Drawings and/or layout Drawings, control schematics, and interconnection wiring diagrams.  

	1.3 Submission Requirements 
	.1 Coordinate each submission with requirements of the Work and Contract Documents.  Individual submissions will not be reviewed until all related information is available. 
	.2 Accompany all submissions with a transmittal letter, in duplicate, containing: 
	.1 Date 
	.2 Project title and Bid Opportunity number 
	.3 Contractor's name and address 
	.4 Specification Section number for each submittal 
	.5 Submittal number and revision number in the following format: 
	.1 498 - Spec Section # - Submittal # - Revision # (e.g. 498-05500-001-1). 
	.2 The first submittal is numbered 1 with sequential numbering after that for revisions. 

	.6 Identification and quantity of each Shop Drawing product 
	.7 Equipment tag number 
	.8 Other pertinent data 

	.3 Submissions shall include: 
	.1 Date and revision dates 
	.2 Project title and number 
	.3 Name, email address, and address of: 
	.1 Contractor 
	.2 Manufacturer 

	.4 Contractor's stamp, signed by Contractor's authorized representative, certifying approval of submissions, verification of field measurements and compliance with Contract Documents. 
	.5 As required in the specifications, the seal and signature of a Professional Engineer registered in the Province of Manitoba. 

	.4 Details of appropriate portions of work as applicable: 
	.1 Fabrication 
	.2 Layout showing dimensions including identified field dimensions and clearances 
	.3 Setting or erection details 
	.4 Capacities 
	.5 Performance characteristics 
	.6 Standards 
	.7 Operating weight 
	.8 Wiring diagrams 
	.9 Single line and schematic diagrams 
	.10 Method of control of equipment and its communication with the City’s SCADA system 


	1.4 Drawings 
	.1 Original Drawings or modified standard Drawings provided by the Contractor to illustrate details of portions of Work which are specific to project requirements. 
	.2 Maximum sheet size:  850 x 1050 mm. 
	.3 Submit twelve (12) prints and one (1) reproducible copy of Shop Drawings.  The Contract Administrator will return the reproducible copy with comments transcribed. 
	.4 Cross-reference Shop Drawing information to applicable portions of the Contract Documents. 
	.5 Include reviewed Shop Drawings in all O&M Manuals. 

	1.5 Product Data 
	.1 Product Data; Manufacturer’s catalogue sheets, brochures, literature, performance charts, and diagrams used to illustrate standard manufactured products. 
	.2 Submit twelve (12) copies of product data. 
	.3 Sheet size:  215 x 280 mm.  

	1.6 Procedure and Routing  
	.1 The Contractor shall provide to the Contract Administrator thirteen (13) printed copies of the Shop Drawings and corresponding submittal transmittal form(s) complete with the information specified in 1.3 Submission Requirements. 
	.2 The Contractor shall simultaneously email the .pdf version of these same Shop Drawings and submittal transmittal forms to the Contract Administrator.  The Contractor shall ensure the .pdf version of the Shop Drawings and corresponding submittal transmittal form(s) are identical to the printed copies being distributed for review.  When the total size of the email is greater than 5 MB, the Contractor shall post the .pdf version of the Shop Drawings and submittal transmittal form(s) to an accessible place on the internet (provided by the Contract Administrator) and an e-mail notification is to be sent to all parties listed above when posting is complete. 
	.3 The routing and the names of individuals responsible for receiving submittals will be identified by the Contract Administrator at the pre-construction meeting held pursuant to D4.2. 
	.4 Upon review of the Shop Drawings, the Contract Administrator will e-mail the .pdf version of the annotated Shop Drawings and corresponding transmittal form(s) to the Contractor.  When the total size of the email is greater than 5 MB, the Contract Administrator will post the .pdf version of the Shop Drawings and corresponding transmittal form(s) to the same accessible place on the internet and an e-mail notification will be sent to the Contractor.  Two (2) printed copies of the reviewed Shop Drawings will be sent back to the Contractor. 

	1.7 Shop Drawing Review 
	.1 Shop Drawing review by the Contract Administrator is solely to ascertain conformance with the general design concept.  Responsibility for the approval of detail design inherent in Shop Drawings rests with the Contractor and review by the Contract Administrator shall not imply such approval. 
	.2 Review by the Contract Administrator shall not relieve the Contractor of his responsibility for errors or omissions in Shop Drawings or for proper completion of the Work in accordance with the Contract Documents. 
	.3 Shop Drawings will be returned to the Contractor with one of the following notations: 
	.1 When stamped "REVIEWED", distribute additional copies as required for execution of the Work.  
	.2 When stamped "REVIEWED AS MODIFIED", ensure that all copies for use are modified and distributed, same as specified for "REVIEWED".  
	.3 When stamped "REVISE AND RE SUBMIT", make the necessary revisions, as indicated, consistent with the Contract Documents and submit again for review.  
	.4 When stamped "NOT REVIEWED", submit other drawings, brochures, etc., for review consistent with the Contract Documents. 
	.5 Only Shop Drawings bearing "REVIEWED" or "REVIEWED AS MODIFIED" shall be used on the Work unless otherwise authorized by the Contract Administrator. 

	.4 After submittals are stamped "REVIEWED" or "REVIEWED AS MODIFIED", no further revisions are permitted unless re-submitted to the Contract Administrator for further review. 
	.5 Any adjustments made on Shop Drawings by the Contract Administrator are not intended to change the Contract Price.  If it is deemed that such adjustments affect the Contract Price, clearly state as such in writing prior to proceeding with fabrication and installation of Work. 
	.6 Make changes in Shop Drawings which the Contract Administrator may require consistent with Contract Documents.  When re submitting, notify the Contract Administrator in writing of any revisions other than those requested by the Contract Administrator. 
	.7 Shop Drawings indicating design requirements not included in the Contract Documents require the seal of a Professional Engineer registered in the Province of Manitoba.  If requested, submit engineering calculations for review, sealed by a Professional Engineer. 

	1.8 Operating and Maintenance Manuals 
	.1 Refer to Section 01730 – Operations and Maintenance Manuals. 
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	1. GENERAL 
	1.1 Section Includes 
	.1 Quality assurance requirements 
	.2 Inspection and testing, administrative and enforcement requirements.  
	.3 Tests and mix designs.  
	.4 Mock-ups.  
	.5 Mill tests.  
	.6 Equipment and system adjust and balance. 

	1.2 Precedence 
	.1 Refer to GC:2. 

	1.3 Related Sections (Not Used) 
	1.4 References 
	.1 Unless the edition number and/or date are specified, any reference to the Manufacturer’s and published codes, standards and specifications shall mean the latest edition published by the issuing authority, and in effect three (3) Business Days before the Submission Deadline. 
	.2 Referenced standards and specifications define minimum requirements.  Work in quality exceeding these minimum requirements conforms to the Contract. 
	.3 Any reference to a Manufacturer’s direction, instruction, or specification shall be deemed to include full information on storing, handling, preparing, mixing, installing, erecting, applying, or other matters concerning the products pertinent to their use and their relationship to the products with which they are incorporated. 
	.4 Any reference to regulatory authorities includes all authorities having jurisdiction. 
	.5 Any reference to a Specification section includes all Drawings and Schedules related to the work of that section. 

	1.5 Inspection 
	.1 Refer to GC:11. 

	1.6 Independent Inspection Agencies 
	.1 Except where inspecting, testing and similar quality control services are specifically indicated to be the Contractor’s responsibility, the City will engage Independent Inspection/Testing Agencies for the purpose of inspecting and/or testing portions of Work.  Cost of such services will be borne by the City.  
	.2 Where inspecting, testing and similar quality control services are specifically indicated in the Specification Sections as the Contractor’s responsibility, the Contractor shall engage appropriate Independent Inspection/Testing Agencies.  Cost of such services will be borne by the Contractor. 
	.3 Where the City has engaged an Inspection/Testing Agency for testing and inspection of a part of the Work and the Contractor is also required to engage an Inspection/Testing Agency for the same or related part of the Work; the Contractor shall not employ the same agency engaged by the City without the prior written approval of the Contract Administrator. 
	.4 Employment of Inspection/Testing Agencies does not relax responsibility to perform Work in accordance with Contract Documents.  
	.5 If defects are revealed during inspection and/or testing, appointed agency may require additional inspection and/or testing to ascertain full degree of defect. Regardless of original responsibility, pay costs for additional inspection and testing, retesting, re-inspection.  

	1.7 Access to Work 
	.1 Refer to GC:11. 

	1.8 Procedures 
	.1 Refer to GC:11. 
	.2 Submit for the Contract Administrator’s approval a written Quality Assurance Plan prior to start of any on site activities.  The plan shall include as a minimum: 
	.1 Contractor’s approach and philosophy to QA/QC during construction.  
	.2 Contractor’s method for identification and tracking of all control documents.  
	.3 Organization chart showing proposed personnel and key contacts for QA/QC. 
	.4 QC Representative and any subordinate experts. Submit resumes for the Contract Administrator’s approval. 
	.5 QC Representative’s on Site presence and participation in pre-installation, and Subcontractor meetings. 
	.6 Contractor’s bi-weekly QC report, including results of contractor certifications, test results, corrective action and follow-up on any deficiencies in the Project’s quality control.  
	.7 A list of proposed Inspection/Testing Agencies and their qualifications. 

	.3 The QC Representative shall be: 
	.1 Independent of the Contractor’s Supervisor 
	.2 Qualified by experience and training to monitor construction quality. 
	.3 Responsible for the overall quality assurance of the Contractor’s work and compliance with Contract.  
	.4 Responsible to observe and certify the performance of contractor tests and pre-inspections identified, and to attend meetings on site.  The QC Representative may elect to use an alternate expert to observe/certify performance.  
	.5 Authorized to stop work at any time that quality problems necessitate.  This authority shall be delineated in a letter of appointment from a Contractor, and shall be included in the QA Plan. 

	.4 Notify appropriate agency and the Contract Administrator not less than forty eight (48) hours in advance of requirement for tests, in order that attendance arrangements can be made. 
	.5 Submit samples and/or materials required for testing, as specified in Specification section. Submit with reasonable promptness and in an orderly sequence so as not to cause delay in Work.  
	.6 Provide labour and facilities to obtain and handle samples and materials on the Site.  
	.7 Provide suitable facilities for the storage of specimens or samples at correct temperature, free from vibration or damage in accordance with the instruction of the Inspection/Testing Agency and the governing standard. 

	1.9 Rejected Work 
	.1 Refer to GC:11. 
	.2 Make good other Contractor's work damaged by such removals or replacements promptly.  

	1.10 Reports 
	.1 For inspecting, testing and similar quality control services which are the Contractor’s responsibility, submit four (4) copies of inspection and test reports to the Contract Administrator, unless specified otherwise. 
	.2 Each report shall include: 
	.1 Date of issue 
	.2 Contract name and number 
	.3 Name, address and telephone number of Inspection/Testing Agency 
	.4 Name and signature of inspector and tester 
	.5 Date of inspection or test 
	.6 Identification of the product and Specification section covering inspected or tested Work 
	.7 Location of the inspection or the location from which the tested product was derived 
	.8 Type of inspection or test 
	.9 Complete inspection or test data. 
	.10 Test results and an interpretation of test results. 
	.11 Ambient conditions at the time of sample taking and testing. 
	.12 The remarks and observations on compliance with the Contract Documents 
	.13 Recommendations on retesting or other corrective action where necessary 
	.14 Signature of a qualified and authorized representative of the Agency 

	.3 Submit reports within forty eight (48) hours, and notify the Contract Administrator forthwith if the report indicates improper conditions or procedures. 
	.4 Refer to Specification section for definitive requirements. 

	1.11 Tests and Mix Designs 
	.1 Furnish test results and mix designs as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.12 Mock-ups 
	.1 Prepare mock-ups as identified in Specification sections.  Include for Work of all Sections required to provide mock-ups.  
	.2 Construct in locations as identified in Specification sections or as otherwise approved by the Contract Administrator.  
	.3 Prepare mock-ups for the Contract Administrator’s review with reasonable promptness and in an orderly sequence, so as not to cause any delay in Work.  
	.4 Failure to prepare mock-ups in ample time is not considered sufficient reason for an extension of Contract Time and no claim for extension by reason of such default will be allowed.  
	.5 Specification section identifies whether mock-up may remain as part of Work or if it is to be removed and when. 

	1.13 Mill Tests 
	.1 Submit mill test certificates as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.14 Equipment and Systems 
	.1 Submit adjustment and balancing reports for mechanical, electrical, and other equipment systems.  
	.2 Refer to Specification section for definitive requirements. 
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	1. PRODUCTS 
	1.1 Manufacturers' Directions 
	.1 Unless otherwise specified, install or erect all products in accordance with Manufacturers' recommendations.  Do not rely on labels or enclosures provided with products.  Obtain instructions directly from manufacturers. 
	.2 Notify the Contract Administrator, in writing, of any conflicts between the Specifications and Manufacturers' instructions so that the Contract Administrator may establish the course of action. 
	.3 Improper installation or erection of products due to failure in complying with these requirements authorizes the Contract Administrator to require any removal and re installation that may be considered necessary, at no increase in Contract Price. 

	2. WORKMANSHIP 
	2.1 Concealment 
	.1 In finished areas conceal all pipes, ducts and wiring except where indicated otherwise on Drawings or in Specifications. 
	.2 Before installation inform the Contract Administrator if there is a contradictory situation. 

	2.2 Location of Fixtures 
	.1 Consider the location of fixtures, outlets, and other mechanical and electrical items indicated on Drawings as approximate.  The actual location of these items is to be as required or directed to site conditions at the time of installation and as is reasonable. 
	.2 Before installation inform the Contract Administrator if there is a contradictory situation.  Install as directed. 

	2.3 Cutting and Remedial Work 
	.1 Perform all cutting and remedial work that may be required to make the several parts of the Work come together properly.  Coordinate and schedule the Work to ensure that cutting and remedial work are kept to a minimum. 
	.2 Employ specialists familiar with the materials affected in performing cutting and remedial work.  Perform in a manner to neither damage nor endanger any portion of the Work. 
	.3 Do not cut, drill or sleeve any load bearing members without written acceptance of the Contract Administrator. 
	.4 The Contractor is to perform work so as to minimize dust. 

	2.4 Fastenings 
	.1 Provide metal fastenings and accessories in same texture, colour and finish as adjacent material unless otherwise specified. 
	.2 Prevent electrolytic action between dissimilar metals and materials. 
	.3 Use non-corrosive, non-staining fasteners and anchors for securing exterior Work unless otherwise specified. 
	.4 Space anchors within their load limit or shear capacity and ensure that they provide positive permanent anchorage.  Wood plugs are not acceptable. 
	.5 Keep exposed fastenings to a minimum, space evenly and lay out neatly. 
	.6 Fastenings which cause spalling or cracking of material to which anchorage is made are not acceptable. 


	3. MEASUREMENT 
	3.1 Metric Project 
	.1 Unless otherwise noted, this Project has been designed and is to be constructed in the SI nominal metric system of measurements. 
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	1. DESCRIPTION 
	.1 This Section supplements the requirements for the provision of O&M Manuals as described in Section 01300 – Submittals. 
	.2 Furnish complete operations manuals and maintenance information as specified in this Section for installation, check-out, operation, maintenance, and lubrication requirements for each unit of mechanical, electrical, and instrumentation equipment or system and each instrument. 
	.3 Customize the operations manuals and maintenance information to describe the equipment actually furnished.  Do not include extraneous data for models, options, or sizes not furnished (cross out or remove if required).  When more than one model or size of equipment type is furnished, show the information pertaining to each model, option, or size. 
	.4 Assemble, coordinate, bind, and index required data into an O&M Manual. 
	.5 Three (3) draft copies of the manuals shall be submitted a minimum of sixty (60) days prior to Substantial Performance of the Work for review and comments.  A maximum of eight (8) weeks after review, twelve (12) copies of the final manuals shall be supplied.   
	.6 In addition to the twelve (12) hard copies, submit an electronic version of the O&M Manual. 
	.7 Materials:  Label each Section with tabs protected with celluloid covers, fastened to hard paper dividing sheets. 
	.8 Type lists and notes. 
	.9 Drawings, diagrams and Manufacturer's literature must be legible.  Drawings larger than 280 x 430 mm must be folded and placed inside plastic pockets. 

	2. OPERATION AND MAINTENANCE MANUAL CONTENTS AND ORGANIZATION 
	.1 Provide the Manufacturer’s standard O&M manuals for the equipment or instruments supplied.  If the Manufacturer's standard manuals do not contain all the required information, provide the missing information in supplementary documents and Drawings inserted behind appropriate tabs in the manual binder. 
	.2 When more than one (1) piece of identical equipment or instruments are supplied, provide only one (1) set of operations manuals. 
	.3 One (1) set of operations manuals may be provided when more than one (1) piece of similar equipment or instruments are supplied, such as different sizes of the same model, and all similar pieces are covered in the same standard Manufacturer's O&M manual. 
	.4 When similar equipment or instruments are provided by the same Manufacturer, but are not covered in the same standard Manufacturer's O&M manual, their specific manuals may be bound in the same 3-ring binder.  Separate specific manuals with tab dividers labelled with the appropriate equipment numbers. 
	.5 Provide a cover sheet, bound as the first page of each manual, with the following information: 
	.1 Contract name and number. 
	.2 Equipment number or, if more than one (1) piece of equipment is provided, equipment numbers for equipment or instruments covered by the manual.  Include functional description of equipment after each number. 

	.6 Provide a table of contents listing the contents of the manual and identifying where specific information can be located. 
	.7 Insert the specific information described below in the O&M manuals in a format similar to that listed: 
	.1 Tab 1 – General Information 
	.1 Functional title of the system, equipment, material, or instrument. 
	.2 Relevant Specification Section number and Drawing reference. 
	.3 Address and telephone number of the Manufacturer and the nearest Manufacturer's Representative. 

	.2 Tab 2 - Equipment Data 
	.1 Insert Specification Section and completed Equipment and Instrumentation Data sheets for equipment supplied.  Attach all Addenda, Change Orders, and change directives that refer to that specific item of equipment. 

	.3 Tab 3 – Operation Information 
	.1 Include the Manufacturer's recommended step-by-step procedures for starting and stopping under normal and emergency operation.  Include all specified modes of operation including recommended operation after the assembly or equipment has been in long-term storage. 
	.2 Provide control diagrams with data and information to explain operation and control of systems and specific equipment.  Identify normal operating setpoints and alarm conditions. 
	.3 Provide technical information on all alarms and monitoring devices provided with the equipment. 
	.4 Provide troubleshooting information.  Clearly identify which problems to look for and how to solve them. 

	.4 Tab 4 - Technical Data 
	.1 Insert Manufacturer's Technical Specification and data sheets. 
	.2 Insert Manufacturer’s certified performance and calibration curves for the equipment and instruments. 

	.5 Tab 5 - Maintenance Information 
	.1 Include the description and schedule for all Manufacturers’ recommended routine preventative maintenance procedures including specific lubrication recommendations.  Indicate whether procedure is to be done daily, weekly, monthly, quarterly, semi-annually, annually, or fill in hours of operation. 

	.6 Tab 6 - Maintenance Instructions 
	.1 Provide requirements to set-up and check out each system for use.  Include all required and recommended step-by-step inspections, lubrications, adjustments, alignments, balancing, and calibrations.  Include protective device settings, warnings, and cautions to prevent equipment damage and to insure personnel safety. 
	.2 Provide Manufacturer’s description of routine preventive maintenance, inspections, tests, and adjustments required to ensure proper and economical operation and to minimize corrective maintenance and repair. 
	.3 Provide Manufacturer’s recommendations on procedures and instructions for correcting problems and making repairs. 
	.4 Provide step-by-step procedures to isolate the cause of typical malfunctions.  Describe clearly why the checkout is performed and what conditions are to be sought.  Identify tests or inspections and test equipment required to determine whether parts and equipment may be reused or require replacement. 
	.5 Provide step-by-step procedures and list special required tools and supplies for removal, replacement, disassembly, and assembly of components, assemblies, subassemblies, accessories, and attachments.  Provide tolerances, dimensions, settings, and adjustments required. 

	.7 Tab 7 - Assembly Drawings 
	.1 Provide Drawings which completely document the equipment, assembly, subassembly, or material for which the instruction is written.  Provide the following Drawings as applicable: fabrication details, wiring and connection diagrams, electrical and piping schematics, block or logic diagrams, Shop Drawings, installation Drawings, layout and dimension Drawings, and electrical component fabrication Drawings. 
	.2 Provide clear and legible illustrations, Drawings, and exploded views to enable easy identification of the items.  When illustrations omit the part numbers and description, both the illustrations and separate listing shall show the index, reference, or key number which will cross-reference the illustrated part to the listed part.  Parts shown in the listings shall be grouped by components, assemblies, and subassemblies. 

	.8 Tab 8 - Bills of Materials 
	.1 Provide a clear, legible copy of the Bill of Materials that was shipped with the equipment.  The Bill of Materials should list all equipment, instruments, components, accessories, tools, and other items that were shipped with the equipment. 

	.9 Tab 9 - Lubrication Data 
	.1 Provide a table showing recommended lubricants for specific temperature ranges and applications. 
	.2 Provide charts with a schematic diagram of the equipment showing lubrication points, recommended types and grades of lubricants, and capacities. 
	.3 If the equipment or instrument is not lubricated, add a sheet under this Tab with the words "". 




	3. FIELD CHANGES NOT APPLICABLE 
	.1 Following the acceptable installation and operation of an equipment item, modify and supplement the item's instructions and procedures to reflect any field changes or information requiring field data. 

	4. COMMISSIONING DATA 
	.1 Provide in hard cover 3-ring binders for 215 x 280 mm paper labelled "COMMISSIONING DATA" one (1) copy of: 
	.1 All completed equipment testing and commissioning forms. 
	.2 All completed equipment checklists and performance reports, including noise and vibration analysis, instrumentation calibration data, and all other relevant information. 
	.3 All system performance reports. 



	5. WARRANTIES 
	.1 Provide in hard cover 3-ring binders for 215 x 280 mm paper labelled "WARRANTIES" one (1) copy of: 
	.1 Manufacturers' standard Warrants and Guarantees.  Include the name and telephone number of the contact person.  Indicate the time frame of each Warrant or Guarantee on the list. 
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	1. GENERAL 
	1.1 Section Includes 
	.1 Quality assurance requirements 
	.2 Inspection and testing, administrative and enforcement requirements.  
	.3 Tests and mix designs.  
	.4 Mock-ups.  
	.5 Mill tests.  
	.6 Equipment and system adjust and balance. 

	1.2 Precedence 
	.1 Refer to GC:2. 

	1.3 Related Sections (Not Used) 
	1.4 References 
	.1 Unless the edition number and/or date are specified, any reference to the Manufacturer’s and published codes, standards and specifications shall mean the latest edition published by the issuing authority, and in effect three (3) Business Days before the Submission Deadline. 
	.2 Referenced standards and specifications define minimum requirements.  Work in quality exceeding these minimum requirements conforms to the Contract. 
	.3 Any reference to a Manufacturer’s direction, instruction, or specification shall be deemed to include full information on storing, handling, preparing, mixing, installing, erecting, applying, or other matters concerning the products pertinent to their use and their relationship to the products with which they are incorporated. 
	.4 Any reference to regulatory authorities includes all authorities having jurisdiction. 
	.5 Any reference to a Specification section includes all Drawings and Schedules related to the work of that section. 

	1.5 Inspection 
	.1 Refer to GC:11. 

	1.6 Independent Inspection Agencies 
	.1 Except where inspecting, testing and similar quality control services are specifically indicated to be the Contractor’s responsibility, the City will engage Independent Inspection/Testing Agencies for the purpose of inspecting and/or testing portions of Work.  Cost of such services will be borne by the City.  
	.2 Where inspecting, testing and similar quality control services are specifically indicated in the Specification Sections as the Contractor’s responsibility, the Contractor shall engage appropriate Independent Inspection/Testing Agencies.  Cost of such services will be borne by the Contractor. 
	.3 Where the City has engaged an Inspection/Testing Agency for testing and inspection of a part of the Work and the Contractor is also required to engage an Inspection/Testing Agency for the same or related part of the Work; the Contractor shall not employ the same agency engaged by the City without the prior written approval of the Contract Administrator. 
	.4 Employment of Inspection/Testing Agencies does not relax responsibility to perform Work in accordance with Contract Documents.  
	.5 If defects are revealed during inspection and/or testing, appointed agency may require additional inspection and/or testing to ascertain full degree of defect. Regardless of original responsibility, pay costs for additional inspection and testing, retesting, re-inspection.  

	1.7 Access to Work 
	.1 Refer to GC:11. 

	1.8 Procedures 
	.1 Refer to GC:11. 
	.2 Submit for the Contract Administrator’s approval a written Quality Assurance Plan prior to start of any on site activities.  The plan shall include as a minimum: 
	.1 Contractor’s approach and philosophy to QA/QC during construction.  
	.2 Contractor’s method for identification and tracking of all control documents.  
	.3 Organization chart showing proposed personnel and key contacts for QA/QC. 
	.4 QC Representative and any subordinate experts. Submit resumes for the Contract Administrator’s approval. 
	.5 QC Representative’s on Site presence and participation in pre-installation, and Subcontractor meetings. 
	.6 Contractor’s bi-weekly QC report, including results of contractor certifications, test results, corrective action and follow-up on any deficiencies in the Project’s quality control.  
	.7 A list of proposed Inspection/Testing Agencies and their qualifications. 

	.3 The QC Representative shall be: 
	.1 Independent of the Contractor’s Supervisor 
	.2 Qualified by experience and training to monitor construction quality. 
	.3 Responsible for the overall quality assurance of the Contractor’s work and compliance with Contract.  
	.4 Responsible to observe and certify the performance of contractor tests and pre-inspections identified, and to attend meetings on site.  The QC Representative may elect to use an alternate expert to observe/certify performance.  
	.5 Authorized to stop work at any time that quality problems necessitate.  This authority shall be delineated in a letter of appointment from a Contractor, and shall be included in the QA Plan. 

	.4 Notify appropriate agency and the Contract Administrator not less than forty eight (48) hours in advance of requirement for tests, in order that attendance arrangements can be made. 
	.5 Submit samples and/or materials required for testing, as specified in Specification section. Submit with reasonable promptness and in an orderly sequence so as not to cause delay in Work.  
	.6 Provide labour and facilities to obtain and handle samples and materials on the Site.  
	.7 Provide suitable facilities for the storage of specimens or samples at correct temperature, free from vibration or damage in accordance with the instruction of the Inspection/Testing Agency and the governing standard. 

	1.9 Rejected Work 
	.1 Refer to GC:11. 
	.2 Make good other Contractor's work damaged by such removals or replacements promptly.  

	1.10 Reports 
	.1 For inspecting, testing and similar quality control services which are the Contractor’s responsibility, submit four (4) copies of inspection and test reports to the Contract Administrator, unless specified otherwise. 
	.2 Each report shall include: 
	.1 Date of issue 
	.2 Contract name and number 
	.3 Name, address and telephone number of Inspection/Testing Agency 
	.4 Name and signature of inspector and tester 
	.5 Date of inspection or test 
	.6 Identification of the product and Specification section covering inspected or tested Work 
	.7 Location of the inspection or the location from which the tested product was derived 
	.8 Type of inspection or test 
	.9 Complete inspection or test data. 
	.10 Test results and an interpretation of test results. 
	.11 Ambient conditions at the time of sample taking and testing. 
	.12 The remarks and observations on compliance with the Contract Documents 
	.13 Recommendations on retesting or other corrective action where necessary 
	.14 Signature of a qualified and authorized representative of the Agency 

	.3 Submit reports within forty eight (48) hours, and notify the Contract Administrator forthwith if the report indicates improper conditions or procedures. 
	.4 Refer to Specification section for definitive requirements. 

	1.11 Tests and Mix Designs 
	.1 Furnish test results and mix designs as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.12 Mock-ups 
	.1 Prepare mock-ups as identified in Specification sections.  Include for Work of all Sections required to provide mock-ups.  
	.2 Construct in locations as identified in Specification sections or as otherwise approved by the Contract Administrator.  
	.3 Prepare mock-ups for the Contract Administrator’s review with reasonable promptness and in an orderly sequence, so as not to cause any delay in Work.  
	.4 Failure to prepare mock-ups in ample time is not considered sufficient reason for an extension of Contract Time and no claim for extension by reason of such default will be allowed.  
	.5 Specification section identifies whether mock-up may remain as part of Work or if it is to be removed and when. 

	1.13 Mill Tests 
	.1 Submit mill test certificates as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.14 Equipment and Systems 
	.1 Submit adjustment and balancing reports for mechanical, electrical, and other equipment systems.  
	.2 Refer to Specification section for definitive requirements. 
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	1. GENERAL 
	1.1 Requirements of Work 
	.1 Supply, install, Verify Performance, provide commissioning assistance, and provide warranty for a complete and fully documented I&C system as shown on the Drawings and specified herein.  The I&C system will form a subsystem of the overall WTP control system and contains City supplied equipment and Vendor Packages as specified in this and other Sections of the Specification. 
	.2 Component subsystems of the I&C system will include, but are not limited to, the following: 
	.1 Primary elements and transmitters 
	.2 Final control elements 
	.3 I&C field devices 
	.4 I&C junction boxes, local control panels, and marshalling panels 
	.5 Instrumentation cabling 
	.6 Instrumentation power supplies 
	.7 Conduit and cable tray 
	.8 PLC based control system 
	.9 Analyzer and transmitter manufacturer’s configuration and programming software 

	.3 The Contractor’s responsibility also includes receiving, un-crating, examining for shortages or damage, assembling, field fitting, installing, mounting, wiring, and testing of City supplied equipment and Vendor Packages. 
	.4 Where packaged, stand-alone control systems are supplied under other Divisions of this Specification, provide cabling to connect to the required remote monitoring and/or controllers.  Provide end-to-end Performance Verification of all required remote monitoring and/or controllers.  Ensure the correct functionality of any equipment supplied under Divisions 15 and 16. 
	.5 Documentation provided by the Contractor shall include as a minimum: 
	.1 Equipment descriptive data. 
	.2 Equipment installation instructions, service manuals, O&M manuals, bills of materials, and recommended spare parts lists. 
	.3 Schematics and interconnection wiring diagrams sealed by a Professional Engineer registered in the Province of Manitoba. 
	.4 Records of conductor identification, field terminals, cable lists, changes, etc. 
	.5 I&C panel Shop Drawings, face layouts, schematics, and point-to-point wiring diagrams sealed by a Professional Engineer registered in the Province of Manitoba. 
	.6 Records of as-built information for the complete instrumentation system. 
	.7 For the PLC based control system, the Contractor shall provide detailed documentation of the system hardware. 

	.6 Documentation provided by the Contractor shall be formatted as follows: 
	.1 P&IDs – Depict the general intent of the control systems and are to be used as the governing document for the scope of Work. 
	.2 Instrument Index – A sorted index of the detailed information for the devices shown on the P&IDs.  The index lists the appropriate support documentation for the devices’ supply and installation.  The instrument index is the controlling document for the supply of materials. 
	.3 I/O Index – A sorted index of the control system I/O points shown on the P&IDs, giving the supporting documentation as per the instrument index. 
	.4 Instrument Specification Sheets – Detail the relevant data for the supply of devices. 
	.5 Instrument Loop Diagrams – Show interconnections and hook-up of devices.  The Contractor is to produce an instrument loop diagram for each device and record all relevant information on each sheet for submission at the completion of the Work.  Fill in all terminal and wiring numbers etc. from the Shop Drawings as they become available.  A set of 'B' size (11" x 17") AutoCAD drawings and associated files will be made available to the Contractor.   
	.6 Location Drawings – Indicate in plan and/or elevation views where the instrument elements are physically located.  These Drawings are provided to assist the Contractor in estimating the amount of cable and ducting required. 
	.7 Standard Details – Provide a reference for installation, operation, and other instructions pertinent to a particular device. 
	.8 Detailed Specification – Lists qualifications, quality of materials and workmanship, and supplementary information. 

	.7 References 
	.1 This Specification contains references to the following documents.  They are a part of this Section as specified and modified.  In case of conflict between the requirements of this Section and those of the listed documents, the requirements of this Section prevail. 
	 Reference Title 
	 API 550 Manual on Installation of Refinery Instruments and 
	   Control Systems, Part I – Process Instrumentation and 
	   Control Section one (1) through thirteen (13) 
	 ASME BPVC-VIII-1-2004 Rules for Construction of Pressure Vessels 
	 ASTM B68-02 Seamless Copper Tube 
	 ASTM D883-00 Terms Relating to Plastics 
	 IEEE 100-00 Dictionary of Electrical and Electronic Terms 
	 ANSI/ISA-7.0.01 1996 Quality Standard For Instrument Air 
	 ISA 5.4-1999 Instrument Loop Diagrams 
	 ISA S18.1-79(1992) Annunciator Sequences and Specifications 
	 ISA S51.1-79(1993) Process Instrumentation Terminology 
	 NEMA 250-2003 Enclosures for Electrical Equipment (1000V Max) 
	 NEMA ICS 1-00(R2005) General Standards for Industrial Controls and Systems 
	 NEMA ICS 2-2000 Industrial Control and Systems, Controllers, Contactors  
	 NFPA 70-2005 National Electrical Code 
	 SAMA PMC 17-10-63 Bushings and Wells for Temperature Sensing Elements 
	 UBC-88 Uniform Building Code 
	 UL 1012-89 Power Supplies 
	 UL 94-06 Tests for Flammability of Plastic Materials for Parts in  
	Devices and Appliances 
	 Weik, Martin H. Communications Standard Dictionary, Van Nostrand  
	Reinhold Co., 1983 

	.8 Related Work 
	.1 Mechanical:  Division 15 
	.2 Electrical:  Division 16 

	.9 Codes, Rules, Permits and Fees 
	.1 Give all required notices, submit Drawings, obtain all permits, licenses, and certificates, and pay all fees required for this Work. 
	.2 Furnish a certificate of final inspection and approvals from inspection authorities to the Contract Administrator. 

	.10 Qualifications 
	.1 The instrumentation Subcontractor shall be a firm normally engaged and fully competent in the type of Work described in this Section of the Specification.  The firm shall have been continuously and successfully engaged in this business for at least five (5) years. 
	.2 Qualified journeyman instrument mechanics that are familiar with the devices being installed shall perform all instrument hook-ups, calibrations, and checkouts. 
	.3 Qualified journeyman electricians shall perform all control wiring installation and connections. 

	.11 Standards of Workmanship 
	.1 Arrange and install products to fit properly into designated building spaces. 
	.2 Install products in accordance with the recommendations and ratings of the product Manufacturers. 
	.3 Supply and execute installation of all instrumentation control tubing in accordance with Section 17140 – Instrument Air Supply and Transmission. 


	1.2 Equipment 
	.1 Receiving, storing, and protection of components during construction: 
	.1 Examine each component upon delivery to Site.  Report all damage noted to the Contract Administrator prior to accepting or rejecting delivery.  All instrumentation primary elements, control components, panels, etc. shall be placed in a secure, dry, heated storage building.  Maintain the space temperature above 10°C and the space relative humidity below 50%. 
	.2 Perform a preliminary examination upon delivery to ensure that: 
	.1 All I&C components supplied for this project under this Section of the Specifications comply with the requirements stated in the instrument specification sheets. 
	.2 All I&C components supplied under other Sections of these Specifications, to be connected to I&C components supplied under this Section of the specifications, comply with the requirements stated in the Contract Documents. 
	.3 Itemize all non-conformities noted above and forward them to the Contract Administrator.  Any delays in construction resulting from the delivery to Site of non-conforming I&C components shall be borne by the Contractor. 
	.4 Do not install primary elements or other sensitive equipment until construction is sufficiently completed to provide an "operating condition" environment.  Notify the Contract Administrator prior to installing any equipment of this type. 
	.5 Ensure that covers where required are properly installed on all equipment.  Provide all covers, padding, guards, etc. as required to guard any equipment against damage. 


	.2 Take all necessary precautions to ensure that equipment is supplied free of damage.  If deemed necessary by the Contract Administrator, damaged equipment shall be replaced with new product at no additional cost to the City.  The Contractor shall bear any costs due to construction delays resulting from the delay in delivery of acceptable equipment. 

	1.3 Documentation 
	.1 Submittals 
	.1 Submit Shop Drawings for all products supplied by this Division.  Submit Shop Drawings for review prior to purchase of any products or equipment and sufficiently in advance to allow ample time for checking. 
	.2 Contractor to review, modify, and approve the Shop Drawings prior to submitting Shop Drawings to the Contract Administrator for review.  Contractor approval of a Drawing indicates the following: 
	.1 The Drawing has been checked by the person making the approval. 
	.2 The equipment or material complies in all respects with the requirements of the Specifications and Drawings. 
	.3 The quantities indicated are correct. 
	.4 The physical dimensions of the components are such that they can be installed without interference with the building structure or other equipment, and after installation, there are sufficient clearances on all sides for maintenance, servicing and operation of the equipment. 
	.5 The points of attachment are clearly indicated, i.e. TOP, BOTTOM, SIDE, etc. 
	.6 The arrangement and location are properly oriented. 
	.7 The product is suitable for its intended use. 
	.8 The submission consists of sufficient information to adequately convey the scope of supply and the specific product to be supplied is highlighted. 
	.9 The submission contains sufficient information to install the equipment or systems. 

	.3 Stamp and sign the Shop Drawing to show approval, indicating the above has been complied with.  If Contractor revisions are too extensive, return the submission to the Manufacturer for revision, then repeat the Shop Drawing approval process before submitting to the Contract Administrator. 
	.4 Manufacture of products shall conform to Shop Drawings marked as reviewed by the Contract Administrator and returned to the Contractor. 
	.5 Keep one (1) complete, maintained set of Shop Drawings at the Job Site during the construction period.  Record modifications and changes as they arise during the construction period and incorporate these changes in the Record Drawings. 
	.6 Refer to Division 1 for further information on Shop Drawing submittals. 

	.2 O&M Manuals 
	.1 Refer to Division 1 for general O&M manual submittal information. 
	.2 In addition to the requirements specified in Division 1, provide the following information: 
	.1 Table of Contents – Arrange contents sequentially by systems under section numbers.  Label tabs of dividers between each to match section numbers in the Table of Contents. 
	.2 Systems Descriptions – A brief synopsis of each system typed and inserted at the beginning of each section.  Include sketches and diagrams where appropriate. 
	.3 O&M instructions of all equipment and controls – These operating instructions need not be Manufacturer’s data but may be typewritten instructions in simple language to guide the City in the proper O&M of this installation. 
	.4 A copy of all wiring diagrams complete with wiring coding. 
	.5 Include type and accuracy of instruments used. 
	.6 Set of final reviewed Shop Drawings. 
	.7 Provide a tabulated list of all consumables utilized (fuses, lamps, etc.) indicating where used, type, rating and reorder details. 


	.3 Record Drawings 
	.1 Maintain On-Site a complete set of Record Drawings. 
	.2 In addition to the requirements stated in Part E12, record the following information on the Drawings: 
	.1 all changes alterations or additions 
	.2 all instrumentation cable and control tubing 
	.3 all changes to the numbers and location of outlets, motors, panels and end devices that may occur during the course of the Work. 

	.3 Before requesting the Certificate of Total Performance, make any necessary final corrections to the Record Drawings, sign each print as a certification of accuracy and deliver all sets to the Contract Administrator for approval. 


	2. PRODUCTS 
	2.1 General 
	.1 Refer to the requirements of Division 1. 
	.2 Selected Products: 
	.1 The design have been based on the use of the first named product where multiple products have been listed. 
	.2 The instrument Manufacturer’s listed within this Division have been compiled into the list of approved instrument Manufacturer’s that is included in the Appendices.  Please refer to Division 11 for process specific analyzers not included in this list. 

	.3 Quality of Products 
	.1 All products provided should be CSA approved, ULC approved where applicable, and new unless otherwise specified. 
	.2 If products specified are not CSA approved, obtain special approval of the relevant provincial regulatory authority.  Pay all applicable charges levied and make all modifications required for approval. 
	.3 Products provided, if not specified, shall be new, of a quality best suited to the purpose required and there use subject to approval by the Contract Administrator . 

	.4 Uniformity of Manufacture 
	.1 Unless otherwise specifically called for in the Specification, uniformity of manufacture to be maintained for similar products throughout the Work. 

	.5 Product Finishes 
	.1 Contractor to specify proposed finishes to be used for Contract Administrator’s review. 

	.6 Use of Products During Construction 
	.1 Any equipment used for temporary or construction purposes is to be approved by the Contract Administrator.  Clean and restore to "as new" condition all equipment prior to the time of Substantial Performance. 


	2.2 Instrumentation 
	.1 General 
	.1 Instruments are to be suitable for the environmental conditions in which they are to be installed. 
	.2 Determine where injurious conditions may be expected to occur and make proper provision to protect the instruments to ensure their proper and reliable operation. 
	.3 Provide power surge protection, heating cables, and devices to protect instruments, equipment, and lines from being functionally impaired or damaged by power surges or environmental conditions such as moisture or freezing. 


	2.3 Identification 
	.1 Refer to Division 16 for general identification requirements.  Provide lamacoid nameplates with 6 mm black lettering on white background.  Identify the loop tag number (where applicable) and the device name, function, and instrument range or setpoint value on the nameplate. 
	.2 Where it is not possible to attach a lamacoid nameplate to a field instrument component, provide the component with a stainless steel metal tag firmly wired to the device and identified with the loop tag number. 
	.3 Identify all wires where they terminate at the marshalling panels, junction boxes, control panels, and field devices with a heat shrink sleeve with machine printed labeling. 
	.4 Clearly mark all panels, pull boxes, junction boxes, etc. to indicate the nature of service. 
	.5 Provide neatly typed circuit directories for panel power distribution systems to indicate loops or devices powered by the circuit and the fuse size. 
	.6 Identify all exposed control conduits at all pull box locations, where the conduits enter or leave a room, and 13 m on centre throughout the room.  This shall apply to conduits above removable ceilings.  Use Thomas & Betts TY-RAP 5532-M labels for conduit identification. 
	.7 For direct current wiring use black for positive and white for negative. 
	.8 For thermistor wiring to motors use red and blue coloured insulated wire. 


	3. EXECUTION 
	3.1 Coordination With Other Divisions 
	.1 Examine the Drawings and Specifications of all Divisions and become fully familiar with the Work.  Before commencing Work, obtain a ruling from the Contract Administrator on any conflicting issues between Divisions.  No compensation will be made for any costs arising from conflict not identified before Work has commenced. 
	.2 Coordinate the Work to be performed under this Section of the Specification with all Divisions installing equipment to ensure that there are no conflicts. 
	.3 Install anchors, bolts, pipe sleeves, hanger inserts, etc. required in ample time to prevent delays to installation Work. 
	.4 Lay out the Work and equipment with due regard to architectural, structural, and mechanical features.  Architectural and structural Drawings take precedence over electrical Drawings regarding locations of walls, doors, and equipment. 
	.5 Structural members shall not be cut without prior approval of the Contract Administrator. 
	.6 Examine previously constructed work and notify the Contract Administrator of any conditions which prejudice the proper completion of this Work. 

	3.2 Product Handling 
	.1 Use all means necessary to protect the products included in this Division before, during and after installation, and to protect products and installed Work of all other trades. 
	.2 Any damage to the products and/or installed Work shall be repaired or replaced to the approval of the Contract Administrator by the Contractor. 
	.3 Remove advertising labels from all products installed that have such labels attached.  Identification or CSA labels are not to be removed. 
	.4 Remove dirt, rubbish, grease, etc. resulting from Work performed under this Division of the Contract from all surfaces. 

	3.3 Separation of Services 
	.1 Maintain separation between the electrical wiring system, piping, ductwork, and the instrumentation cables so that each system is isolated (except at approved connections to such systems) to prevent galvanic corrosion.  In particular, contact between dissimilar metals, such as copper and aluminum, in damp or wet locations is unacceptable. 
	.2 Do not support wiring from pipes, ductwork, etc.  Hangers for suspended ceilings may be used for the support of wiring only when approval is obtained from the Contract Administrator and the ceiling installer, and only if approved clips or hangers are used. 
	.3 Classifications of Circuits 
	.1 The circuit categorization shall of first priority follow Canadian Electrical Code with respect to separation for electrical safety and the following shall apply with respect to electro-magnetic compatibility:

	.4 Separation of Circuits 
	.1 This Section relates to the running of cables carrying differing types of circuit in close proximity to one another and to other services.  Sensitive circuits shall normally be run in overall shielded cable.  Very sensitive circuits shall normally be run in individually twisted pair shielded cable. 
	.2 For cables sharing the same support/containment system, the following shall provide guidance to minimize extraneous interference.


	3.4 Wire and Cable 
	.1 Refer to Section 17124 – Instrumentation Cable. 

	3.5 Equipment Connections 
	.1 Prior to the connection of signal wiring to process control and instrumentation devices, check the device voltage rating and polarity for compatibility with the corresponding loop and/or schematic diagram.  Where device and circuit characteristics are found to be incompatible, the connections are not to be made.  Report the condition immediately to the Contract Administrator. 
	.2 All control wiring diagrams illustrate typical control circuits applicable to the type of equipment specified.  Control circuits may vary with different manufacturer’s equipment.  Verify all control circuits with the Manufacturers of the equipment and make any corrections to the control wiring diagrams that may be required. 
	.3 Provide power disconnect terminals in marshalling panels for all devices and PLC I/O sourced from the panel.  Provide local power disconnect switches for all 120 VAC power instruments.  Mount adjacent the instrument. 
	.4 Provide a disconnecting means in the cable connecting each ultrasonic transponder to the transmitter.  This disconnect shall consist of a terminal strip in a local water proof junction box. 

	3.6 Wiring to Equipment Supplied by Others 
	.1 Equipment supplied by the City or as part of a vendor package, that has external or field mount control devices, are to be installed and wired by this division. The equipments performance will also be verified by this Division. 

	3.7 Access Panels 
	.1 Provide access panels where I&C system junction boxes are concealed.  Panels to be of adequate size for servicing of the concealed junction box and complete with necessary frames and hinged doors held closed with captive fasteners. 
	.2 In removable ceiling areas provide markers on ceiling tile to locate equipment requiring access.  Use a 25 mm diameter blue circle painted on the access panel to indicate that it is for instrumentation and control system access. 

	3.8 Instrument Mounting Stands 
	.1 Supply and install instrumentation mounting stands as required.  Stands are to be either floor or wall mounted.  The mounting stands are to be fabricated from aluminum or galvanized steel. 
	.2 Supply and install protective drip shields for any exterior stand-mounted instrumentation equipment.  The drip shield is to extend 50 mm at the top and sides from the front face of the equipment.  The drip shield is to be fabricated from aluminum. 

	3.9 Sealing of Wall and Floor Openings 
	.1 Seal all conduit and cable entries passing through outside walls of buildings, through partition walls separating electrical rooms from other areas, through fire separations, and through floors above grade. 
	.2 Seal openings after all wiring entries have been completed. 
	.3 Sealing material shall be fire resistant and not contain any compounds which will chemically affect the wiring jacket or insulating material.  Cable penetrations through fire separations, if required, are to be sealed.  Acceptable methods are Canstrut "Fire Stop", Electrovert "Multi Cable Transit" or Dow Corning RTV Silicone Foam. 

	3.10 Sleeves 
	.1 Provide sleeves of galvanized steel pipe with machine cut ends of ample size to accommodate conduits passing through walls, partitions, ceilings, floors, etc. 
	.2 For wall partitions and ceilings the ends shall be flush with the finish on both sides.  For floors, the ends shall extend 100 mm above finished floor level. 
	.3 Fill the space between the sleeve and the conduit with fire stop material and caulk around the top and bottom with approved permanently resilient, non-flammable and weatherproof silicone base compound.  Ensure that the seal is compatible with the floor and ceiling finishes. 
	.4 Locate the sleeves and position exactly prior to construction of the walls and floors. 
	.5 Failure to comply with the above requirements shall be remedied at the Contractor's expense. 

	3.11 Connections to Mechanical, Electrical and Existing Systems 
	.1 Refer to Division 16 for the required tie-in procedures. 

	3.12 Tagging Standards for Devices and Wiring 
	.1 Tag all devices, wires, and I/O using the assigned loop, equipment, or device tag name. Where tag naming and numbering is not specified, the Contract Administrator will provide naming and numbering that is consistent with the WTP naming conventions. 

	3.13 Testing of Instrumentation Loops 
	.1 After all devices within a loop have been connected, check the loop for correct functioning and interaction with other loops, where applicable.  Provide written notice to the Contract Administrator when the loops are going to be tested so that the tests may be witnessed at the Contract Administrator's discretion. 
	.2 Check the operation of final control elements such as solenoid valves, actuators, etc. by manual control before checking with automatic control. 
	.3 Check and simulate all alarms and shutdown functions. 
	.4 Verify the status of all points connected or accessible to the WTP control and monitoring system. 
	.5 Where applicable, test all tubing for leaks in compliance with the ISA RP7.1.  Isolate all instruments when tubing is being tested to protect against over pressure. 
	.6 Perform tests and record results on the test data forms that are included in this Section.  Develop additional and/or more detailed test forms as necessary to suit more complex instrumentation. 
	.7 Sign and date all test reports.  Submit the test reports to the Contract Administrator within five (5) Business Days of testing. 

	3.14 Calibration 
	.1 Instruments are to be factory pre-calibrated.  Verify calibration after installation for all instruments installed under these Specifications.  Provide a printed record of the factory calibration parameters for “smart” devices. 
	.2 Prior to calibration, completely program all “smart” transmitters including entries of the appropriate range and tag number.  Provide a printed record of smart device serial numbers against their assigned tag number. 
	.3 Instruments are to be set up and calibrated by an accredited instrument technician working under the approval of the instrument Manufacturer. 
	.4 Calibrate all instruments to an accuracy of 0.5% of full range, or to the manufacturer’s stated accuracy of the instrument whenever an accuracy of 0.5% is not achievable. 
	.5 Perform the following applicable calibration verification for each instrument and its associated signal conditioning equipment: 
	.1 Calibrate all inline flow meters by a draw-down test. 
	.2 Calibrate all density meters by lab samples. 
	.3 Calibrate all vacuum and pressure instruments by manometer or accurate test instrument and hand test pump. 
	.4 Calibrate gas detectors using standard gas samples. 
	.5 Calibrate temperature instruments against a standard lab thermometer. 
	.6 Online analyzers with known samples. 


	3.15 Test Forms 
	Form No. Title 
	.1   ITR Instrument Test Report. 
	.2   LCR Loop Check Report. 
	 INSTRUMENT TEST REPORT   FORM NO. ITR 
	SYSTEM: ___________________________  ______________________________ 
	SERVICE: ___________________________ TAG NO.: ______________________________ 
	LOCATION: ___________________________  ______________________________ 
	MAKE:  _____________________________ MODEL: ______________________________ 
	SERIAL NO.: _____________________________ CSA: ______________________________ 
	ELEMENT:  _____________________________ RANGE:  ______________________________ 
	DESIGN SETTING/RANGE:  ________________ CONTACT TO:   ____________ ON:  __________ 
	SIGNAL IN:  ___________ OUT: _____________ ASSOCIATED INSTRUMENT:_______________ 
	INSTRUMENT CONDITION: ________________ CONFORM TO SPEC:  ______________________ 
	PROJECT NO: _____________________________ DATA SHEET:  ____________________________
	TEST 1
	TEST 2
	TEST METHOD
	INPUT
	OUTPUT
	INPUT
	OUTPUT
	PROCESS
	INC.
	DEC.
	INC.
	DEC.
	INC.
	DEC.
	INC.
	DEC.
	TEST POINT 1
	TEST POINT 2
	TEST POINT 3
	TEST POINT 4
	TEST POINT 5
	COMMENTS
	GRAPHS
	TESTED BY:  _____________________________ CHECKED BY:  ____________________________________ 
	DATE:  _____________________________ DATE:         ____________________________________ 
	 LOOP CHECK REPORT FORM NO. LCR □               CHECKED OUT OK 
	   □                NOT APPLICABLE 
	   □   FURTHER ACTION REQUIRED 
	 
	INSTRUMENT TAG NO.
	LOOP NO.     _________ 
	SHEET NO.   _________ 
	P & I DWG. NO.  ______ 
	INSTALLATION COMPLETE
	Primary Element.
	Impulse Lines.
	Block and Drain Valves.
	Air Supply/Filter/Reg.
	Wiring.
	Tracing/Insulation/Housing.
	Mounting and Location.
	PLC/SCADA I/O & Status.
	CALIBRATED
	Impulse Lines Press. Tested.
	LOOP CHECKED
	Element to Receiver.
	X Mtr. To Receiver.
	X Mtr./Trans. to Receiver.
	X Mtr./Trans. to Switches.
	Switches to Annunciator.
	Interlocking Circuit.
	Controller to Valve.
	Controller Action D or R.
	REMARKS:  READY FOR START-UP 
	  Date:               __________________________________ 
	  Installed by:    __________________________________ 
	  Checked by:    __________________________________ 
	 

	3.16 Installation and Performance Testing 
	.1 Refer to the requirements of Division 1 for additional requirements. 
	.2 Inspections 
	.1 Provide two (2) weeks' written notice to the Contract Administrator prior to energizing any system to allow for inspection by the Contract Administrator of the following: 
	.1 Proper mounting. 
	.2 Proper connections. 


	.3 During Performance Verification, demonstrate to the Contract Administrator proper calibration and correct operation of instruments and gauges. 
	.4 Performance Verification of the I&C system is to include but not be limited to the following: 
	.1 Verify installation of components, wiring connections, and piping connections. 
	.2 Supervise wiring continuity and pipe leak tests. 
	.3 Verify instrument calibration and provide written reports. 
	.4 Function check and adjust the I&C equipment under operational conditions. 
	.5 Coordinate manufacturer’s service personnel as required for complete system testing. 
	.6 Instruct City personnel in correct method of I&C equipment operation. 
	.7 Direct City personnel at hand-over as to final adjustment of the system for correct operation of WTP. 
	.8 Ensure that the Manufacturer’s representatives cooperate to complete the Work of this Section. 
	.9 Verify signal levels and wiring connections to all I&C equipment. 
	.10 Coordinate and cooperate with City staff and the Contract Administrator during the Commissioning Period to commission the interface between the WTP SCADA and the PLC based control system. 


	3.17 Training 
	.1 Provide training, in the proper operation and maintenance of all control devices, control valves, and ancillary instrumentation described under this Division of the Specifications. 
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	1. GENERAL 
	.1 Supply and installation all material, equipment, wiring and labour necessary for the installation of the systems detailed on the Drawings in accordance with the Specifications and the latest edition of the Canadian Electrical Code. 
	2. WORK INCLUDED 
	2.1 Related Work 
	.1 Supply and installation of instrumentation and control equipment required to operate the WTP including the plant control system PLC equipment and all vendor packages and City supplied equipment as indicated on the P&IDs and in these specifications. 

	2.2 General Requirements 
	.1 Shop Drawings 
	.2 Record Drawings 
	.3 O&M Data 

	2.3 Specific Requirements  
	.1 Supply, install, test, and verify the performance of all instrumentation, components, materials and ancillary equipment covered under Division 17 of this Contract. 
	.2 Clearwell Inlet Building 
	.1 Provide all analytical, process instrumentation, sample pumps etc including local control panels. as shown on P&ID number WT-P001. 
	.2 Provide all electrical, control and process connections to analytical and process instrumentation including sample lines and stilling tubes to clearwell. 
	.3 Provide part of the WTP wide fibre optic communication network for the PLC based plant control systems as shown on drawings WH-A0103 and WH-A0100.  
	.4 Provide interface wiring and connections between the HVAC BAS controller and LCP-T11. 

	.3 Clearwell Outlet Valve Chambers  
	.1 Provide all electrical and control wiring to the new electrical valve actuators shown on P&ID WO-P0002. Cables to be installed to Deacon Booster Pumping Station and terminated into a junction box provided by the contractor. 

	.4 Generator Building 
	.1 Provide all instrumentation and control wiring for all the fuel transfer systems as shown on P&ID WG-P0002. 
	.2 Provide part of the WTP wide fibre optic communication network for the PLC based plant control systems as shown on drawings WH-A0104 and WH-A0100.  
	.3 Provide conductivity type level switch and wiring in the building sump as shown on P&ID WG-P0001. 
	.4 Provide interface wiring to transformers and generators as shown on P&ID WG-P0001 
	.5 Provide interface wiring and connections between the HVAC BAS controllers and CP-H12 as shown on drawings WG-H0501, WG-H0502, WG-H0503 and WG-H0504 
	.6 Provide 2 emergency stop push buttons and the associated wiring to shutdown the fuel transfer system when operated. 
	.7 Provide interlock wiring between fire alarm system and fuel transfer system 

	.5 Cell 1 Raw Water Valve Chamber 
	.1 Provide a conductivity type level switch installed in the valve chamber to monitor the air gap between two butterfly valves. The switch will be mounted with the probes into a plastic container (provided by the contractor) measuring any water which enters the container from the air gap. The switch will operate if 25mm of water enters the container. 
	.2 The contractor will provide all pipework and valves required to connect the container to the existing valve drain connection. 

	.6 Provide all control system communications equipment as show on the Drawings listed in above and as described in Specification Section 17275 – Miscellaneous Panel Devices. 
	.7 Terminate all spare fibre optic cores to patch panels at each drop point and label accordingly. 
	.8 Provide local control panels to house all PLC components and ancillary equipment, and to act as a marshalling panel for signals from instrumentation and equipment covered under Division 17.  
	.9 Supply redundant 24 VDC Power supplies installed within the local control panels whenever 24 VDC power is required.   
	.10 Provide power-conditioning equipment within each local control panel. 
	.11 Connect the healthy/fault status dry relay contacts from all power conditioning and UPS equipment to local PLC inputs. 
	.12 Provide Ethernet connections from the following equipment to the WTP control system:  VFDs, transformer power meters, neutral grounding resistors, switchgear protection relays, and large motor protection relays. 
	.13 Hardwire I/O signals from the WTP control system PLCs to process instrumentation, HVAC/BMS system, Power Conditioning and UPS equipment and fire alarm panels. 
	.14 All WTP control system PLC programming and WTP monitoring system HMI software development shall be performed by others.    
	.15 Coordinate with the Supply Contractors of City Supplied Equipment under other contracts but installed under this Contract to install, test and verify performance of the systems shown on the P&ID’S. 

	2.4 Additional Requirements 
	.1 Provide all necessary testing, detailed wiring continuity checks, installation integrity checks, equipment functional operation checks, and written system verification reports to provide a complete system that is ready for commissioning.   
	.2 Provide Performance Verification and Commissioning of all systems included in the Scope of Work.  

	2.5 Materials 
	.1 Cables and bus support systems, which are intended to enclose or support all forms of electrical conductors used for any purpose covered by this scope.  This includes cable trays, raceways and all forms of rigid, flexible, metallic and non-metallic conduit, and including conduit for communication systems. 
	.2 Control panels associated with any electrical equipment covered under this Section of Work. 
	.3 Circuit breakers of all types and for all applications associated with electrical equipment, which receives its power supply from the main, auxiliary or emergency (including UPS) system. 
	.4 Grounding systems, as required by the Canadian Electrical Code, or as otherwise specified. 
	.5 Fibre optic patch panels and industrial Ethernet switches as shown on the Drawings and specified herein. 
	.6 Electronic data processing and transmission systems, including auxiliary equipment, interfaces and components. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 General 
	.1 Unless otherwise specified, provide outside finishes on all enclosures in ANSI 61 Grey as specified in Division 9. 
	.2 The enclosures must be suitable for carrying the weight of the equipment mounted inside the panel and on the doors without any warpage. 

	2.2 Enclosures 
	.1 Provide EEEMAC type 12 gasketed enclosures in MCC rooms and control rooms. 
	.2 All enclosures for mounting outside of MCC rooms and control rooms to be EEMAC Type 4, watertight except where otherwise specified. 
	.3 Provide EEMAC 7/3R enclosures for equipment in and around classified areas such as sumps. 
	.4 Enclosures for certain equipment in corrosive atmospheres to be EEMAC 4X approved for the classification (e.g. chemical cleaning). 
	.5 Enclosures for mounting field control indicator lamps and switches in unclassified areas to be Allen Bradley model 800T-xTZ die cast enclosures. 
	.6 Enclosures for mounting field control indicator lamps and switches in Class 1 areas to be Allen Bradley model 800H-xHHX7 cast aluminum enclosures. 

	2.3 Panel Enclosures 
	.1 Fabricate panel enclosures from 11 gauge steel panels complete with necessary stiffening to form a rigid free-standing lineup.  The structures must be suitable for carrying the weight of the equipment mounted inside the panel and on the doors.  Provide removable top and bottom cable entry plates. 
	.2 Provide panels with front access only.  Doors shall be key lockable and fitted with 3-point heavy duty latching assemblies.  Provide a continuous piano hinge and a pneumatic hold open device on each door. 
	.3 Finish the interior of the enclosure with white paint.  Provide a switched fluorescent light fixture and 120 VAC duplex convenience receptacle inside the enclosure. 

	2.4 Marshaling and Control Panels 
	.1 Supply, fabricate, checkout, layout, document and deliver to Site fully equipped and functional panels. 
	.2 Supply all components contained on or within the panels fully wired under this Section of the Specification. 
	.3 The selection of all accessories, materials, and methods for fabrication not covered by this Specification, but which are necessary to complete the fabrication of the control panels, is the responsibility of the Contractor. 
	.4 Fans and filters shall be installed to pressurize all control panels thus discouraging dust accumulation and providing air purging for temperature and corrosion control. 
	.5 Control panel layouts and wiring diagrams are to be provided by the Contractor as Shop Drawings. 

	2.5 Network Cabling Termination Cabinets 
	.1 Double hinged wall mounted cabinet for 19 inch rack mounted equipment. 
	.2 NEMA 12 cabinet with glass door and locking wing knobs. 
	.3 Cabinet to house fibre patch panel, Cat 5E patch panel and Ethernet switches. 
	.4 Provide 120 VAC duplex receptacle and power bar with minimum six outlets. 
	.5 Provide horizontal wire management under each patch panel and Ethernet switch. 
	.6 Provide vertical wire management on one side. 
	.7 Provide blank panels for all empty rack units. 
	.8 Provide shelf 3U for mounting equipment. 
	.9 Cabinet sized for 26 rack units. 
	.10 Hoffman ProTek DH Type 12, or approved equal. 

	2.6 Wiring and Accessories 
	.1 Provide wiring inside the panels according to the following Specifications: 
	.1 Control wiring to be a minimum of #16 AWG tinned stranded copper; insulation rated at 600 V. 
	.2 Wiring for power distribution shall be a minimum of #14 AWG tinned stranded copper; insulation rated at 600 V. 
	.3 Install cables in accordance with the requirements of Division 16. 

	.2 Tag each wire at both ends with a heat shrink sleeve that is machine printed.  Allow approximately 20 mm of wire insulation between the tag and the bare wire. 
	.3 Wiring systems with different voltage levels or types shall be suitably segregated within the panel, according to relevant electrical codes. 
	.4 Run all wiring in enclosed plastic wire ways such as Panduit.  Size all wire ways so that the total cross sectional area of the insulated wire and cable does not exceed 40% of the cross sectional area of the wire way. 
	.5 Provide a minimum clearance of 50 mm between wire ways and any point of wire termination. 
	.6 Terminate all wiring, incoming and outgoing, at terminal strips mounted inside the panels. Identify each terminal strip with a terminal strip number, defined as follows: 
	.1 Wire identification to use the connected field device tag name with the wire's corresponding end device terminal number appended to it. 
	.2 Identify every joint and/or terminal of the above wire run with the same identifier. 
	.3 For example, pressure transmitter PT-O100A located in the field has a 1 PR-TPSH cable connected to it.  The cable runs through a junction box to a marshalling panel. The wire identifiers for the pair of wires would be PT-O100A all the way to the marshalling panel. 
	.4 Identify spare wires by using the cable tag, terminal number and an “-SP” suffix.  
	.5 Arrange wiring on terminal blocks such that all internal panel wiring terminates on the inboard side of the terminal blocks and all external wiring terminates on the outboard side. 

	.7 Provide two (2) sources of 120 VAC power to each control panel:  UPS power for critical loads and non-UPS power for non-critical loads.  Provide separate critical and non-critical 120 VAC power distribution systems and a 24 VDC power distribution system in each panel.  Provide a thermal magnetic circuit breaker on each main power circuit and a fused terminal block for each branched circuit off the main.  
	.8 Provide disconnect type terminal blocks Weidmuller WTR 4 series to isolate field wiring that is powered sourced from the panel.  Provide a dedicated fused disconnect type terminal block to isolate each individual PLC input and output. 
	.9 Provide sufficient terminals so that not more than two (2) wires are connected under the same terminal.  Provide 20% spare terminal capacity at each terminal block assembly. 
	.10 Terminals shall be Weidmuller W Series color coded as follows: 
	.1 Red  = positive 24 VDC 
	.2 Black  =  analog signal plus 
	.3 White  =  analog signal common and VAC neutral 
	.4 Grey  =  120 VAC 
	.5 Green  =  ground 
	.6 Yellow  =  shield 

	.11 Provide nameplates for each device on or within the panels and enclosures.  Nameplates shall be white lamacoid with black lettering, a minimum of 25 x 75 mm in size with up to three lines of 5 mm lettering.  Securely fasten nameplates in and situate them in a visible location. 

	2.7 Panel Grounding 
	.1 Provide a ground system for the instrumentation circuits, isolated from the main power system ground to each marshalling panel. 
	.2 Provide grounding lugs for each panel, suitable for termination of up to #2 AWG copper grounding conductor. 
	.3 Provide in each marshalling panel an isolated grounding bus bar 6 x 25 x 600 mm, equipped with necessary lugs for accepting two #2 AWG grounding conductors. 
	.4 Firmly bond all panel mounted devices on or within the panels to ground.  Provide supplementary bonding conductors for back panels and doors.  Attach a separate bonding conductor to all devices that are not firmly fastened to the panels with screws for such devices as case mounted instruments, meters, etc. 


	3. EXECUTION 
	3.1 References - General 
	.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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	1. GENERAL 
	1.1 Product Data 
	.1 Submit product data in accordance with Division 1 and Division 16. 

	1.2 Related Work 
	.1 Refer to Division 16. 

	1.3 Inspection 
	.1 Provide adequate notice to the Contract Administrator so that all cable installations can be inspected prior to energizing equipment. 

	1.4 Standards 
	.1 All wire and cable shall be CSA approved. 

	2. PRODUCTS 
	2.1 TPSH 
	.1 TPSH shall be constructed as follows: 
	.1 Two (2) copper conductors, stranded, minimum #18 AWG, PVC insulated, twisted in nominal intervals of 50 mm. 
	.2 Insulated for 600 V, 90°C. 
	.3 100% coverage aluminum foil or tape shield. 
	.4 Separate bare stranded copper drain wire, minimum #18 AWG. 
	.5 Overall flame retardant PVC jacket to CSA-C22.2. 
	.6 The entire cable assembly to be suitable for pulling in conduit or laying in cable tray. 
	.7 Shaw Type 1751-CSA or Belden equivalent. 

	.2 Where multi-conductor TPSH cables are called for, each pair shall be individually shielded, continuous number coded, and the cable assembly shall have an overall shield and overall flame retardant PVC jacket. 

	2.2 RTDs and Multi Conductor Shielded Cable 
	.1 RTD cables shall be CSA approved and shall be constructed as follows: 
	.1 Three (3) or more copper conductors, stranded, minimum #18 AWG 
	.2 PVC insulated for 600 V 
	.3 100% coverage aluminum foil or tape shield 
	.4 Separate bare stranded copper drain wire 
	.5 Overall flame retardant PVC jacket to CAS-C22.2 


	2.3 Teck Cables 
	.1 As per Division 16 

	2.4 Wire 
	.1 As per Division 16 

	2.5 100 Base TX Category 5E Communication Cable 
	.1 Category 5E cable shall be CSA approved and constructed as follows: 
	.1 4 bonded pairs, solid stranded, #24 AWG 
	.2 Interlocked aluminum armour 
	.3 Rip cord 
	.4 PVC inner and outer jackets 
	.5 UL verified to Category 5E 
	.6 Insulated for 300 V 
	.7 Belden 121700A or approved equal 


	2.6 Fibre Optic Cables 
	.1 Provide break out style fibre optic cable assemblies where indicated in the Specification and Drawings. 
	.2 Fibre optic cables shall be indoor/outdoor direct burial rated loose tube, rodent protected and constructed with specified quantity of 50/125/250 µm multi-mode glass fibres, spiral interlocked armour, and outer polyethylene jacket.  Maximum attenuation shall be 3.5/1.0 dB/km.  Minimum modal bandwidth shall be 220 MHz*km 
	.3 Provide terminations for fibre optic cables including; buffer tube fan out kits, connectors, termination/distribution panels, and wall mount enclosures, as specified in Division 17 
	.4 Provide 50/125/250 µm multi-mode duplex fibre patch cords for inter-cabinet connections. 
	.5 Number of fibres are indicated on Drawings, in general fibre optic loop shall be 24 fibre, fibre optic cables to power meters and protection relays shall be 2 fibre. 

	2.7 Modbus Plus Cables 
	.1 Modbus Plus cable, aluminum armour suitable for direct burial, Belden YC39000. 
	.2 Provide modbus plus terminators, drop cables, connectors as required. 


	3. EXECUTION 
	3.1 Analog Signals 
	.1 Use TPSH cable for all low level analog signals such as 4 to 20 mA, pulse type circuits 24 VDC and under, and other signals of a similar nature. 
	.2 Use RTD cable for connections between RTDs and transmitters or PLC RTD inputs. 

	3.2 Digital Signals 
	.1 Use TPSH cable for all low level (24 V and below) input and output signals. 

	3.3 Instrument Power 
	.1 Use Teck cable or wire and conduit for power to instruments, for 120 V signals other than those mentioned above and as otherwise indicated on the Drawings.  Use stranded wire and cable to supply power to instruments. 

	3.4 Installation 
	.1 Install instrumentation cables in conduit systems or in cable trays.  Use a minimum of 300 mm and a maximum of 1000 mm length of liquid tight flexible conduit to connect the field sensors to the conduit. 
	.2 Where non-armoured instrumentation cables are installed in cable trays, provide barriers in the tray to separate instrumentation cables from power cables. 
	.3 At each end of the run leave sufficient cable length for termination. 
	.4 Do not make splices in any of the instrumentation cable runs.  
	.5 Cable shields shall be terminated on insulated terminals and carried through to the extent of the cable. 
	.6 Ground cable shields at one end only.  Unless otherwise specified, ground the shields at the marshalling panel. 
	.7 Protect all conductors against moisture during and after installation. 

	3.5 Fibre Installation: 
	.1 Always follow the Manufacturer's guidelines for minimum bend radius and tension.  Minimum bend radius shall be a minimum of 20 times the cable diameter. 
	.2 When installing loose-tube cables, use a silicone injection or sealer to prevent gel migration. 
	.3 All fibre installations and terminations shall be performed by personnel experienced in fibre optic cable installation. 
	.4 Fibre Terminations: 
	.1 Ensure that the fibres are not damaged when the buffer tubes and fibre coatings are removed.   
	.2 After the coating is removed, clean the fibre with isopropyl alcohol to assure the fibre is clean. 
	.3 Use only high performance connectors as classified and required by TIA-568-A. 

	.5 Perform cable testing with optical time domain reflectometer instrument and provide complete detailed test report.  Test all runs upon completion of permanent terminations, using instrumentation acceptable to Contract Administrator.  Before commencing testing, submit sample test data sheets and information with respect to test instrumentation to be used. 
	.1 Ensure that test instrument is temperature-stabilized or is temperature-independent or temperature-compensated before commencing test. 
	.2 Test for following: 
	.1 Run attenuation at [850] and [1300]  wavelengths. 
	.2 Run length. 

	.3 Before recording results, compare readings to predicted values based on cable specification and run length, using connector an patch cord losses as part of predicted value.  Retest runs with: 
	.1 Attenuation values grater than 6.0 dB/km @ 850 nm and 4.0 dB/km @ 1300 nm 


	.6 All fibres must pass the cable testing. 

	3.6 Cat 5E Installation: 
	.1 Always follow the Manufacturer's guidelines for minimum bend radius and tension.   
	.2 All installations and terminations shall be performed by personnel experienced in Cat 5E cable installation. 
	.3 Perform cable testing with time domain reflectometer instrument and provide complete detailed test report.  Test all runs upon completion of permanent terminations, using instrumentation acceptable to Contract Administrator.  Before commencing testing, submit sample test data sheets and information with respect to test instrumentation to be used. 
	.1 Test for the following: 
	.1 Continuity. 
	.2 Pair placement and polarity. 
	.3 DC resistance. 
	.4 Characteristics at highest contemplated frequency: 
	.1 Attenuation - data cable. 
	.2 Mutual Capacitance - data cable. 
	.3 Near-end crosstalk (NEXT) - data cable. 

	.5 Run length. 

	.2 Tests to be conducted to Cat 5E standards 
	.3 Reconnect or re-install and retest as necessary to correct excessive variations. 


	3.7 Conductor Terminations 
	.1 All equipment supplied shall be equipped with terminal blocks to accept conductor connections. 
	.2 Instrumentation conductors, where terminated at equipment terminals other than clamping type terminal blocks, shall be equipped with Burndy-YAE-2 or STA-KON, self-insulated, locking type terminators, sized as required to fit conductors and screw terminals. 

	3.8 Testing 
	.1 Test all conductors for opens, shorts, or grounds.  Resistance values shall not be less than those recommended by the cable Manufacturer. 

	3.9 Identification 
	.1 Identify all instrumentation cables. 
	.2 Identify each conductor with wire numbers using a machine printed Raychem TMS heat shrink wire marker or approved equal. 
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	1. GENERAL 
	1.1 References  - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Power Supply and Conditioning Equipment 
	.1 General 
	.1 Provide all DC power supplies as required for all instrument circuits.  All circuits are to be powered from the marshalling panels.  Power supplies to be Hammond, G.F.C. or approved equal, complete with an over-voltage protection module.  
	.2 Provide redundant configurations for power supply equipment serving more than one instrument loop, so that failure of a single unit will not disable all or any shared part of the instrumentation and communication system.  Provide diode isolation for redundant direct current supply units, and ground the negative terminal of the power supply. In accordance with Section 17110 – Enclosures, a dedicated thermal magnetic circuit breaker shall feed each power supply. 
	.3 Power supplies and transmitters feeding circuits that run in non-armored cable in cable tray shall meet the requirements for Class 2 circuits as defined under Section 16 of the Canadian Electrical Code Part I. 
	.4 Unless otherwise required, all DC power supplies to be rated 28 VDC, adjustable plus or minus 5%, and set to provide 26.4 V on the panel direct current bus.  Size the power supply for 2 times the connected load, minimum size is 2 amps. 


	2.2 Noise Suppression  
	.1 Provide power conditioners in each panel to power AC instrumentation and control loads. Power conditioners are Oneac Series CX. 

	2.3 UPS Power Supply 
	.1 Provide two sources of 120 VAC power each control panel:  UPS power for critical loads and non-UPS power for non-critical loads.   
	.2 Control and operator interface system hardware including but not limited to PLCs, PLC I/O racks, PLC communication modules, HMI computers and industrial network switches shall be powered from the UPS.   
	.3 Instrument power and associated DC power supplies shall be powered from the UPS. 
	.4 Non-critical loads include control panel interior lights and receptacles. 
	.5 Online double conversion UPS’ shall be provided in each electrical and server room as specified in Division 16.  Coordinate with Division 16 to ensure that the plant’s UPS’ are of sufficient size to power the critical loads that are fed from each control panel. 
	.6 Mount a lamacoid on the control panel stating that the panel has more than one power source. 


	3. EXECUTION 
	3.1 References  - General 
	.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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	1. GENERAL 
	1.1 References  - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Controls General Requirements. 

	2. PRODUCTS 
	2.1 Pneumatic and Process Connections 
	.1 Pipe, fittings, valves, tubing, tube fittings, etc. required under this Section of the Contract to be Swagelok or approved equal and rated for the service in which they are to be employed.  Tubing and fittings are to be made of stainless steel.  
	.2 Dimensions: 
	.1 Process connections 12 mm (nominal) O.D. tubing 
	.2 Output/signal - 10 mm (nominal) O.D. tubing 
	.3 Air supply 12 mm pipe (nominal) to isolation valves and 10 mm O.D. tubing (nominal) from isolation valves to end devices (e.g. valves). 

	.3 Provide a continuous support channel or raceway for all tubing. 

	2.2 Air Sets 
	.1 Provide all pneumatic actuator assemblies with an air set. 
	.2 Provide Fischer 67FR air sets unless specified otherwise in the Instrument Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 
	.3 Air set to be complete with filter regulator and output gauge. 

	2.3 Solenoid Valves 
	.1 Provide ASCO Redhat type solenoid valves unless specified otherwise in Division 11 or on the Instrument Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 
	.2 Solenoid enclosures to be minimum EEMAC 4; corrosive areas require EEMAC 4X and hazardous areas require EEMAC Type 9. Refer to Division 16 for area classifications. 
	.3 Provide manual overrides on coils when solenoid is used to actuate a valve. 
	.4 Standard coil voltage:  120 VAC. 
	.5 Pipe size:  3-way valve – 6 mm; 4-way valve – 10 mm. 
	.6 Maximum operating pressure:  850 kPa instrument air. 
	.7 Minimum operating pressure:  20 kPa instrument air. 


	3. EXECUTION 
	3.1 References  - General 
	.1 Refer to Section 17010 – Instrumentation and Controls General Requirements. 

	3.2 Tubing and Fitting Installation 
	.1 Group instruments logically together.  Orient instrument air and process connection isolation valves to provide consistent handle indication of normal open/closed status. 
	.2 Final location of skid mounted instruments to provide sufficient clearance for access to all maintenance settings, to provide unobstructed viewing of instrument indicators and to permit instrument calibration and maintenance during normal operation of the Site. 
	.3 Tubing installations shall slope down 20 mm per 2 m of run to process connections. 
	.4 Support tubing in channel or raceway if exposed or in close proximity to rotating equipment or high traffic areas.  Otherwise, do not exceed 1 m between tubing supports. 
	.5 All turns shall have a minimum bending radius of 50 mm. 
	.6 Avoid non-terminal connections in tubing runs. 
	.7 Use Teflon tape on all threaded fittings.  Do not apply tape on the first two threads. 
	.8 Tubing shall terminate at devices with fittings or 90° bends so as to allow removal of tubing without disturbing the device mounting. 
	.9 Complete the final 300 mm (nominal) of air tubing to instruments or control valves installed in process equipment with flexible reinforced neoprene hose. Support the tubing at the hose connection.  Locate the hose connection to facilitate unrestricted removal of the instrument or control valve and to minimize transmission of process equipment vibration into the tubing. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Process Taps 
	.1 Supply pressure gauge and thermowell taps.  Products shall be as specified in Division 15. 

	2.2 Primary Elements 
	.1 Supply and install primary elements and transmitters as specified on the Instrumentation Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 
	.2 Supply written assurance that the instrument Manufacturer approves the selection for the primary element materials that are in contact with the specified process fluid and certifies that the materials are inert to the effects of the process fluid. 
	.3 Supply and install drip pots for sensing elements measuring gas.  Supply seamless, stainless steel drip pots consisting of a 50 x 300 mm pipe with an isolating valve and a drain valve.  Install a separate drip pot on each sensing line.  Locate the drain valve within 500 mm of the floor. 
	.4 Supply diaphragm seals for any fluid other than water or glycol. 
	.5 When diaphragm seals are specified with a pressure gauge or a pressure switch provide the assembly filled with ethylene glycol and calibrated by the Manufacturer. 
	.6 Supply and install an ethylene glycol filled assembly calibrated by the manufacturer when in line pressure sensors are specified with a pressure gauge or a pressure switch or in combination. 


	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Transmitters and Indicators 
	.1 Supply and install transmitters and indicators as specified on the Instrument Specification Sheets of Section 17701 – Instrument Specification Sheets. 
	.2 Transmitters shall have adequate power output to drive all devices associated with the signal loop.  Provide signal boosters as required to achieve adequate signal strength or to isolate the signal.  Provide current to current signal isolators for all secondary devices in the control loop.   
	.3 All transmitters to have local indication scaled in engineering units as specified in the Specifications.  Provide a lamicoid label indicating the calibrated range and engineering units and mount adjacent to the transmitter.  Mount the transmitter so the indicator is visible by operations personnel. 
	.4 Remote indicators provided by Crompton Instruments, Simpson, or Newport are acceptable for use. 
	.5 Where the loop specification calls for a transmitter and an indicator to be mounted in the same panel, an indicating transmitter may be considered acceptable, provided the indicator is normally visible from outside the enclosure. 
	.6 Where available as an option, the transmitter shall be supplied with an isolated fault contact.   
	.7 Standard of acceptance for instrumentation shall be as follows: 
	.1 Pressure Transmitters:  Rosemount Model 3051, ABB or Foxboro complete with stainless steel two (2) and three (3) valve manifolds as manufactured by Anderson Greenwood. 
	.2 Pressure Gauges:  Ashcroft, H.O. Trerice, Budenberg.  
	.3 Ultrasonic Level Transmitters:  Siemens Multiranger 100/200, Magnetrol, Endress & Hauser. 
	.4 Temperature Transmitters (RTD):  Rosemount, ABB, Foxboro. 
	.5 pH Sensors: Rosemount, Endress and Hauser, ABB, Foxboro 870 Series. 
	.6 Turbidity Sensors:  Hach, Rosemount, Endress and Hauser, GLI. 
	.7 Chlorine Residual Analyzers:  Wallace & Tiernan Micro/2000 
	.8 Chloramination/Monochloramine Analyzers:  Chemscan, 
	.9 Power Meters:  Power Measurement Limited (PML). 
	.10 Gas Detection Systems:  Draeger, MSA, Crowcon. 



	3. EXECUTION 
	3.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 General 
	.1 Use normally closed contacts for alarm actuation.  The contacts open to initiate the alarm. 
	.2 Use normally open contacts to control equipment.  The contacts close to start the equipment. 
	.3 Contacts monitored by solid state equipment to be hermetically sealed and adequately rated for the connected load. 
	.4 Contacts monitored by electro-magnetic devices such as mechanical relays to be rated NEMA ICS 2, designation B300. 
	.5 Provide double barriers between switch elements and process fluids such that failure of one (1) barrier will not permit process fluids into electrical enclosures. 
	.6 Switch electrical enclosures to be rated EEMAC 4X, minimum. 
	.7 120 VAC switches to have a 4A rating. 

	2.2 Indicators, Pushbuttons, and Selector Switches 
	.1 All control indicator lamps, pushbutton switches and selector switches in unclassified or non-corrosive areas to be Allen Bradley 800T or 800E series items or Cutler Hammer 10250T series. 
	.2 All control indicator lamps, pushbutton switches, and selector switches in classified or corrosive (includes outdoors) areas to be Allen Bradley 800H series items or Cutler Hammer E34 series. 
	.3 Enclosures to be specified under Section 17110 – Enclosures. 
	.4 All control indicator lamps shall be push-to-test type. 

	2.3 Relays 
	.1 The quality and type of relays shall be based on Omron relays.  Other acceptable manufacturers are Idec and Potter & Brumfield. 
	.2 120 VAC relays to be Model LY 4PDT, plug-in, complete with test button and operation indicator, and surge suppressor. 
	.3 24 VDC relays to be Model MY 2PDT plug-in, complete with test button and operation indicator, and surge suppressor diode. 
	.4 Time delay relays for behind panel mounting to be Omron Model H3BA, 2PDT, plug-in, and programmable for sixteen (16) time ranges and four (4) operation modes. 
	.5 Time delay relays for flush panel mounting and operator accessible timing range modifications to be Omron Model H5BR, SPDT, screw terminals, programmable for five (5) timing ranges and eight (8) operation modes, complete with digital display, module for time settings and flexible protective cover. 
	.6 Where the contact ratings of the relays listed are insufficient for the application, select an appropriate type from an approved Manufacturer with the same quantity of contacts as was originally specified. 
	.7 Provide relay plug-in sockets for DIN mounting complete with stacked screw clamp terminals. 

	2.4 Process Switches 
	.1 Standard of acceptance for instrumentation shall be as follows: 
	.1 Thermal Flow Switches:  Ifm, Weber. 
	.2 Pressure Switches (Electronic):  Ifm, United Electric. 
	.3 Pressure Switches (Conventional):  Ashcroft, United Electric, Barksdale.  
	.4 Conductivity Level Switches:  Endress & Hauser. 
	.5 Float Switches:  Flygt, Consolidated Electric, Warwick, Magnetrol. 
	.6 Temperature Switches:  Ifm. 



	3. EXECUTION 
	3.1 References – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Miscellaneous Panel Devices 
	.1 Pilot Lights 
	.1 Supply and install LED or transformer type pilot lights for extended lamp life, oil tight, push to test, complete with appropriate colour lenses.  Normal colours used are run = red, stop = green. Refer to Division 16 for additional information. 

	.2 Terminals 
	.1 Supply and install strap screw type terminal blocks rated for 600 V.  
	.2 Identify each terminal block within an enclosure with a unique machine printed terminal block number.  Cabinet chassis grounding terminal blocks are to be identified by the electrical ground symbol. 
	.3 Connections to screw terminals to be locking fork tongue insulated crimp type wire connectors. 
	.4 Terminals to be Weidmuller or approved equal. 
	.5 Supply and install a group of terminals for each of 120 VAC non-UPS hot and neutral, 120 VAC UPS hot and neutral and 24 VDC positive and negative power.  Distribution wiring to have a thermal magnetic circuit breaker upstream of all major blocks of loads, adequately sized to protect the connected load while not causing nuisance tripping. 
	.6 Supply and install Weidmuller disconnect type terminal blocks for each load or loop powered from the marshalling panels. 

	.3 Nameplates 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements for nameplate Specification. 


	2.2 Signal Current Isolator 
	.1 Isolators shall be installed to provide galvanic isolation of milli-ampere transmission signals from transmitters with inadequately isolated output circuits. 
	.2 Isolator shall be housed in a NEMA 250, Type 4/7 conduit body and derive its operating power from the signal input circuit.  
	.3 Input and output signals shall be 4 to 20 mA, with an error not exceeding 0.1% of span. Input resistance will not exceed 550 ohms with an output load of 250 ohms.  
	.4 Approved manufacturers are Moore Industries, Weidmuller or Phoenix. 

	2.3 Intrinsic Safety Barriers and Relays 
	.1 Provide intrinsic safety barriers where required for two-wire transmitters of the active, isolating, loop powered type; MTL Type MT3042, Stahl 9005/01-252/100/00, Pepperl & Fuchs ZG series, or approved equal. 
	.2 Provide dual type intrinsic safety barriers for process switches; MTL 787, Panalarm 201 BR2. 
	.3 Intrinsic safety relays to be Gems or Warrick. 

	2.4 Industrial Ethernet Switches 
	.1 Install rack mounted Ethernet Switches in separate network cabling termination cabinet mounted next to all control panels housing PLCs that interface to the WTP control and operator interface network as shown on the drawings.  Connect to the PLCs, local HMIs, VFDs, power meters and motor protection relays as shown on the drawings using cable rated for 100 Base-TX, 10 BaseFL, or 100 BaseFX communication, as required by the device. 
	.2 Switches shall comply with IEEE 802.3, 802.3u, 802.3x, 802.1D, IEC 61950-3. 
	.3 Switched shall be connected in a ring topology utilizing a 1000SX Multimode backbone. 
	.4 Provide switches as required to connect to the equipment indicated in the Drawings and the following minimum spare ports: 
	.1 4 - 10/100 Base T(x) RJ45 ports 
	.2 2 - 10 BaseFL multimode ports 
	.3 2 - 100 BaseFX multimode ports 

	.5 Provide as a minimum two (2) switches in each cabinet for the PLC and HMI fibre networks.   
	.6 Switches shall include one (1) relay output alarm contact rated for 1A@24 VDC. 
	.7 Input power shall be 120 VAC. 
	.8 Switches shall be fast spanning for a sub-second recovery in a ring configuration. 
	.9 Switches shall be Ruggedcom RSG2100 or approved equal. 

	2.5 Fibre Termination Panel 
	.1 Fibre termination panel suitable for the termination of two (2) 24-strand multimode fibre optic cables.  Multiple 2-strand multimode fibre cables for connection to power meters and protection relays shall be terminated to same panel. 
	.2 Termination panel shall be rack mounted, hinged front and rear doors, complete with grounding kit and cable strain relief. 
	.3 Install in network cabling termination cabinet 
	.4 Leviton DP-525 or approved equal. 

	2.6 Cat 5E Termination Panel 
	.1 Rack mounted termination panel suitable for the termination of 24 Cat 5E cables. 
	.2 Install in network cabling termination cabinet. 


	3. EXECUTION 
	3.1 References - General 
	.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Work Included 
	.1 Supply and installation of a PLC-based control system that will control and monitor the system in accordance with the requirements specified on the drawings and the I/O lists. 
	.2 PLC's and I/O shall be housed in central control panels. 
	.3 PLC programming is not in the scope of this Contract. 
	.4 Start-up and commissioning assistance as required for the control system. 

	2. PRODUCTS 
	2.1 PLCs 
	.1 General 
	.1 All new PLC equipment shall be based on the Modicon Unity Processor family. 
	.2 All PLC’s shall be Modicon Unity hot standby processors complete with standby processors. 
	.3 Communication protocol for the new PLC network shall be Modbus/TCP.  Ethernet communication modules shall be provided in each PLC rack to interface to the WTP control network. 
	.4 Supply and install all necessary racks, power supplies, cables, I/O cards, communication cards, and accessories. 
	.5 Supply spares of all PLC system components (minimum of ten (10) of each exact type with the exception of racks – supply two (2) of these) supplied including: power supplies, processors, communication modules, and input/output modules. 
	.6 Supply 10% spare slot capacity for each PLC panel assembly. 
	.7 Supply 25% spare power supply capacity for each PLC panel assembly. 
	.8 PLC racks shall be powered from the external UPS system.  Each new PLC panel assembly shall include Sola Hevi-Duty STV100K series incoming power transient surge suppression or approved equal.  Connect the surge suppressor dry contact to a PLC input and configure as an alarm on the control system at each panel. 

	.2 PLC 
	.1 Modicon Unity main processor and hot standby central processing unit (CPU):  Model Number 140 CPU 671 60. 
	.2 Modicon NOE (Modbus/TCP) modules for each processor rack. 
	.3 Redundant cable remote I/O modules in each I/O rack:  Model Numbers 140 CRP 932 00 and 140 CRA 932 00. 
	.4 I/O modules to meet the specifications specified in Subsection 2.1.1 and the I/O requirements of the P&IDs, instrument loop diagrams and I/O Lists. 

	.3 I/O 
	.1 120 VAC Digital Inputs:  Model Number 140 DAI 540 00. 
	.2 24 VDC Digital Inputs:  Model Number 140 DDI 353 00. 
	.3 Digital Outputs:  Model Number 140 DRA 840 00. 
	.4 Analog Inputs:  Model Number 140 ACI 030 00. 
	.5 Analog Outputs:  Model Number 140 ACO 020 00. 
	.6 Provide at least 20% spare I/O of each type in each panel assembly. 

	.4 Remote I/O Fiber Optic Repeaters 
	.1 Modicon 490 NRP 954. 
	.2 Repeaters shall be installed in network cabling termination cabinet as indicated on Drawings. 


	2.2 System Integration Requirements 
	.1 Cooperate with other Contractors, the City and the Contract Administrator to facilitate installation, testing, validation, and Commissioning of the control system. 
	.2 Supply, install, test, and verify performance of the PLC Control Panel as specified in this Section and as shown on the Drawings. 
	.3 Assist the Systems Integrator to establish communication with the PLCs.  Test data exchange with the PLC as specified in this Section and the process descriptions. 
	.4 Supply the spare PLC equipment to the Systems Integrator within six (6) months of award of Contract. 


	3. EXECUTION 
	3.1 References – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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	1. GENERAL 
	1.1 References – General 
	.1 Equipment, products, and Execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	1.2 General Requirements 
	.1 For the purpose of this project, the tag name convention used on the I/O lists included with the Specifications and shown on the P&IDs will be used.  Coordinate the implementation of tags for any instrumentation not listed with the Contract Administrator. 

	2. PRODUCTS  
	.1 Local Control and Operator Interfaces  
	.1 Provide all necessary local controls to allow local operation that compliments the operation of the WTP control system and facilitates satisfactory system control consistent with the intent of this Specification.  
	.2 Interface to the WTP Control System 
	.1 This Contractor is to support the design, installation, programming, and start-up of the WTP control system as follows: 
	.1 Supply all field instrumentation necessary to facilitate both local and remote monitoring and control of the system. 
	.2 Provide all hardware interfaces required to facilitate the interconnection of the contractor supplied PLC’s to the WTP control system. 
	.3 Supply and install all cables, jumper wires and termination panels as shown on the Drawings and as necessary to facilitate connection of local HMIs to the WTP monitoring system and to create a complete and comprehensive WTP control and monitoring system. 
	.4 Update all system documentation prior to Total Performance to reflect the final installation. 




	3. EXECUTION 
	3.1 Performance – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements, Part 3. 

	3.2 Installation 
	.1 Provide hardware in accordance with the foregoing requirements in sufficient quantity to satisfy the performance requirements specified in this and other Divisions of this Specification. 
	.2 Provide all necessary documentation to complete the configuration of the control system including I/O lists, alarm lists, critical process variables, instrumentation lists, loop wiring requirements for I/O and local control equipment details. 
	.3 Assist with Performance Verification and Commissioning. 
	.4 Provide all documentation and training as defined in the Specifications. 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Programmable Logic Controller Input/Output Index 
	.1 The following spreadsheet gives an itemized list of the I/O between the PLC and the field devices.  It is intended to serve as an aid for determining the cabling requirements for the Work specified in this Division. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Instrument Index 
	.1 The following spreadsheet gives an itemized list of the instrumentation included as part of this Work. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 The Work includes the provision of all instrument specification sheets. 
	.2 Refer to Section 17010 – Instrumentation and Control General Requirements for general instrumentation and control requirements related to instrument specification sheets. 

	1.2 Instrument Specification Sheets 
	.1 Provide data sheets to itemize detailed as-built information regarding the specification of instruments included as part of this Work for each instrument supplied.  The data sheets already included in this Section list specific minimum requirements for particular applications. 
	.2 Use forms in accordance with the ISA Standard S20 as a template for the preparation of the specification sheets. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Instrument Loop Drawings 
	.1 The following sixteen (16) Drawings show typical instrument loop wiring diagrams as referenced by this Specification Section.  One (1) Drawing per loop shall be completed by the Contractor and submitted for approval after award of Contract.  

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Instrument Standard Details 
	.1 The following ten (10) Drawings provide standard instrumentation installation details as referenced by this Specification Section:

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. SHOP DRAWINGS 
	1.1 General 
	.1 Arrange for the preparation of clearly identified Shop Drawings as specified or as the Contract Administrator may reasonably request.  Shop Drawings are to clearly indicate materials, methods of construction, and attachment or anchorage, erection diagrams, connections, explanatory notes, and other information necessary for completion of the Work.  Where articles or equipment attach or connect to other articles or equipment, clearly indicate that all such attachments and connections have been properly coordinated, regardless of the trade under which the adjacent articles or equipment will be supplied and installed.  Shop Drawings are to indicate their relationship to design Drawings and Specifications.  Notify the Contract Administrator of any deviations in Shop Drawings from the requirements of the Contract Documents to allow the Contract Administrator to assess the deviations. 
	.2 Where all or part of the Shop Drawings are to be prepared under the stamp and seal of a Professional Engineer registered in the Province of Manitoba, the Contract Administrator will limit that review to an assessment of the completeness of the part of the submission so stamped and sealed. 

	1.2 Electrical and Controls Installation Information 
	.1 Key information will be taken from Shop Drawings to prepare electrical and instrumentation Drawings and/or layout Drawings, control schematics, and interconnection wiring diagrams.  

	1.3 Submission Requirements 
	.1 Coordinate each submission with requirements of the Work and Contract Documents.  Individual submissions will not be reviewed until all related information is available. 
	.2 Accompany all submissions with a transmittal letter, in duplicate, containing: 
	.1 Date 
	.2 Project title and Bid Opportunity number 
	.3 Contractor's name and address 
	.4 Specification Section number for each submittal 
	.5 Submittal number and revision number in the following format: 
	.1 498 - Spec Section # - Submittal # - Revision # (e.g. 498-05500-001-1). 
	.2 The first submittal is numbered 1 with sequential numbering after that for revisions. 

	.6 Identification and quantity of each Shop Drawing product 
	.7 Equipment tag number 
	.8 Other pertinent data 

	.3 Submissions shall include: 
	.1 Date and revision dates 
	.2 Project title and number 
	.3 Name, email address, and address of: 
	.1 Contractor 
	.2 Manufacturer 

	.4 Contractor's stamp, signed by Contractor's authorized representative, certifying approval of submissions, verification of field measurements and compliance with Contract Documents. 
	.5 As required in the specifications, the seal and signature of a Professional Engineer registered in the Province of Manitoba. 

	.4 Details of appropriate portions of work as applicable: 
	.1 Fabrication 
	.2 Layout showing dimensions including identified field dimensions and clearances 
	.3 Setting or erection details 
	.4 Capacities 
	.5 Performance characteristics 
	.6 Standards 
	.7 Operating weight 
	.8 Wiring diagrams 
	.9 Single line and schematic diagrams 
	.10 Method of control of equipment and its communication with the City’s SCADA system 


	1.4 Drawings 
	.1 Original Drawings or modified standard Drawings provided by the Contractor to illustrate details of portions of Work which are specific to project requirements. 
	.2 Maximum sheet size:  850 x 1050 mm. 
	.3 Submit twelve (12) prints and one (1) reproducible copy of Shop Drawings.  The Contract Administrator will return the reproducible copy with comments transcribed. 
	.4 Cross-reference Shop Drawing information to applicable portions of the Contract Documents. 
	.5 Include reviewed Shop Drawings in all O&M Manuals. 

	1.5 Product Data 
	.1 Product Data; Manufacturer’s catalogue sheets, brochures, literature, performance charts, and diagrams used to illustrate standard manufactured products. 
	.2 Submit twelve (12) copies of product data. 
	.3 Sheet size:  215 x 280 mm.  

	1.6 Procedure and Routing  
	.1 The Contractor shall provide to the Contract Administrator thirteen (13) printed copies of the Shop Drawings and corresponding submittal transmittal form(s) complete with the information specified in 1.3 Submission Requirements. 
	.2 The Contractor shall simultaneously email the .pdf version of these same Shop Drawings and submittal transmittal forms to the Contract Administrator.  The Contractor shall ensure the .pdf version of the Shop Drawings and corresponding submittal transmittal form(s) are identical to the printed copies being distributed for review.  When the total size of the email is greater than 5 MB, the Contractor shall post the .pdf version of the Shop Drawings and submittal transmittal form(s) to an accessible place on the internet (provided by the Contract Administrator) and an e-mail notification is to be sent to all parties listed above when posting is complete. 
	.3 The routing and the names of individuals responsible for receiving submittals will be identified by the Contract Administrator at the pre-construction meeting held pursuant to D4.2. 
	.4 Upon review of the Shop Drawings, the Contract Administrator will e-mail the .pdf version of the annotated Shop Drawings and corresponding transmittal form(s) to the Contractor.  When the total size of the email is greater than 5 MB, the Contract Administrator will post the .pdf version of the Shop Drawings and corresponding transmittal form(s) to the same accessible place on the internet and an e-mail notification will be sent to the Contractor.  Two (2) printed copies of the reviewed Shop Drawings will be sent back to the Contractor. 

	1.7 Shop Drawing Review 
	.1 Shop Drawing review by the Contract Administrator is solely to ascertain conformance with the general design concept.  Responsibility for the approval of detail design inherent in Shop Drawings rests with the Contractor and review by the Contract Administrator shall not imply such approval. 
	.2 Review by the Contract Administrator shall not relieve the Contractor of his responsibility for errors or omissions in Shop Drawings or for proper completion of the Work in accordance with the Contract Documents. 
	.3 Shop Drawings will be returned to the Contractor with one of the following notations: 
	.1 When stamped "REVIEWED", distribute additional copies as required for execution of the Work.  
	.2 When stamped "REVIEWED AS MODIFIED", ensure that all copies for use are modified and distributed, same as specified for "REVIEWED".  
	.3 When stamped "REVISE AND RE SUBMIT", make the necessary revisions, as indicated, consistent with the Contract Documents and submit again for review.  
	.4 When stamped "NOT REVIEWED", submit other drawings, brochures, etc., for review consistent with the Contract Documents. 
	.5 Only Shop Drawings bearing "REVIEWED" or "REVIEWED AS MODIFIED" shall be used on the Work unless otherwise authorized by the Contract Administrator. 

	.4 After submittals are stamped "REVIEWED" or "REVIEWED AS MODIFIED", no further revisions are permitted unless re-submitted to the Contract Administrator for further review. 
	.5 Any adjustments made on Shop Drawings by the Contract Administrator are not intended to change the Contract Price.  If it is deemed that such adjustments affect the Contract Price, clearly state as such in writing prior to proceeding with fabrication and installation of Work. 
	.6 Make changes in Shop Drawings which the Contract Administrator may require consistent with Contract Documents.  When re submitting, notify the Contract Administrator in writing of any revisions other than those requested by the Contract Administrator. 
	.7 Shop Drawings indicating design requirements not included in the Contract Documents require the seal of a Professional Engineer registered in the Province of Manitoba.  If requested, submit engineering calculations for review, sealed by a Professional Engineer. 

	1.8 Operating and Maintenance Manuals 
	.1 Refer to Section 01730 – Operations and Maintenance Manuals. 
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	1. GENERAL 
	1.1 Section Includes 
	.1 Quality assurance requirements 
	.2 Inspection and testing, administrative and enforcement requirements.  
	.3 Tests and mix designs.  
	.4 Mock-ups.  
	.5 Mill tests.  
	.6 Equipment and system adjust and balance. 

	1.2 Precedence 
	.1 Refer to GC:2. 

	1.3 Related Sections (Not Used) 
	1.4 References 
	.1 Unless the edition number and/or date are specified, any reference to the Manufacturer’s and published codes, standards and specifications shall mean the latest edition published by the issuing authority, and in effect three (3) Business Days before the Submission Deadline. 
	.2 Referenced standards and specifications define minimum requirements.  Work in quality exceeding these minimum requirements conforms to the Contract. 
	.3 Any reference to a Manufacturer’s direction, instruction, or specification shall be deemed to include full information on storing, handling, preparing, mixing, installing, erecting, applying, or other matters concerning the products pertinent to their use and their relationship to the products with which they are incorporated. 
	.4 Any reference to regulatory authorities includes all authorities having jurisdiction. 
	.5 Any reference to a Specification section includes all Drawings and Schedules related to the work of that section. 

	1.5 Inspection 
	.1 Refer to GC:11. 

	1.6 Independent Inspection Agencies 
	.1 Except where inspecting, testing and similar quality control services are specifically indicated to be the Contractor’s responsibility, the City will engage Independent Inspection/Testing Agencies for the purpose of inspecting and/or testing portions of Work.  Cost of such services will be borne by the City.  
	.2 Where inspecting, testing and similar quality control services are specifically indicated in the Specification Sections as the Contractor’s responsibility, the Contractor shall engage appropriate Independent Inspection/Testing Agencies.  Cost of such services will be borne by the Contractor. 
	.3 Where the City has engaged an Inspection/Testing Agency for testing and inspection of a part of the Work and the Contractor is also required to engage an Inspection/Testing Agency for the same or related part of the Work; the Contractor shall not employ the same agency engaged by the City without the prior written approval of the Contract Administrator. 
	.4 Employment of Inspection/Testing Agencies does not relax responsibility to perform Work in accordance with Contract Documents.  
	.5 If defects are revealed during inspection and/or testing, appointed agency may require additional inspection and/or testing to ascertain full degree of defect. Regardless of original responsibility, pay costs for additional inspection and testing, retesting, re-inspection.  

	1.7 Access to Work 
	.1 Refer to GC:11. 

	1.8 Procedures 
	.1 Refer to GC:11. 
	.2 Submit for the Contract Administrator’s approval a written Quality Assurance Plan prior to start of any on site activities.  The plan shall include as a minimum: 
	.1 Contractor’s approach and philosophy to QA/QC during construction.  
	.2 Contractor’s method for identification and tracking of all control documents.  
	.3 Organization chart showing proposed personnel and key contacts for QA/QC. 
	.4 QC Representative and any subordinate experts. Submit resumes for the Contract Administrator’s approval. 
	.5 QC Representative’s on Site presence and participation in pre-installation, and Subcontractor meetings. 
	.6 Contractor’s bi-weekly QC report, including results of contractor certifications, test results, corrective action and follow-up on any deficiencies in the Project’s quality control.  
	.7 A list of proposed Inspection/Testing Agencies and their qualifications. 

	.3 The QC Representative shall be: 
	.1 Independent of the Contractor’s Supervisor 
	.2 Qualified by experience and training to monitor construction quality. 
	.3 Responsible for the overall quality assurance of the Contractor’s work and compliance with Contract.  
	.4 Responsible to observe and certify the performance of contractor tests and pre-inspections identified, and to attend meetings on site.  The QC Representative may elect to use an alternate expert to observe/certify performance.  
	.5 Authorized to stop work at any time that quality problems necessitate.  This authority shall be delineated in a letter of appointment from a Contractor, and shall be included in the QA Plan. 

	.4 Notify appropriate agency and the Contract Administrator not less than forty eight (48) hours in advance of requirement for tests, in order that attendance arrangements can be made. 
	.5 Submit samples and/or materials required for testing, as specified in Specification section. Submit with reasonable promptness and in an orderly sequence so as not to cause delay in Work.  
	.6 Provide labour and facilities to obtain and handle samples and materials on the Site.  
	.7 Provide suitable facilities for the storage of specimens or samples at correct temperature, free from vibration or damage in accordance with the instruction of the Inspection/Testing Agency and the governing standard. 

	1.9 Rejected Work 
	.1 Refer to GC:11. 
	.2 Make good other Contractor's work damaged by such removals or replacements promptly.  

	1.10 Reports 
	.1 For inspecting, testing and similar quality control services which are the Contractor’s responsibility, submit four (4) copies of inspection and test reports to the Contract Administrator, unless specified otherwise. 
	.2 Each report shall include: 
	.1 Date of issue 
	.2 Contract name and number 
	.3 Name, address and telephone number of Inspection/Testing Agency 
	.4 Name and signature of inspector and tester 
	.5 Date of inspection or test 
	.6 Identification of the product and Specification section covering inspected or tested Work 
	.7 Location of the inspection or the location from which the tested product was derived 
	.8 Type of inspection or test 
	.9 Complete inspection or test data. 
	.10 Test results and an interpretation of test results. 
	.11 Ambient conditions at the time of sample taking and testing. 
	.12 The remarks and observations on compliance with the Contract Documents 
	.13 Recommendations on retesting or other corrective action where necessary 
	.14 Signature of a qualified and authorized representative of the Agency 

	.3 Submit reports within forty eight (48) hours, and notify the Contract Administrator forthwith if the report indicates improper conditions or procedures. 
	.4 Refer to Specification section for definitive requirements. 

	1.11 Tests and Mix Designs 
	.1 Furnish test results and mix designs as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.12 Mock-ups 
	.1 Prepare mock-ups as identified in Specification sections.  Include for Work of all Sections required to provide mock-ups.  
	.2 Construct in locations as identified in Specification sections or as otherwise approved by the Contract Administrator.  
	.3 Prepare mock-ups for the Contract Administrator’s review with reasonable promptness and in an orderly sequence, so as not to cause any delay in Work.  
	.4 Failure to prepare mock-ups in ample time is not considered sufficient reason for an extension of Contract Time and no claim for extension by reason of such default will be allowed.  
	.5 Specification section identifies whether mock-up may remain as part of Work or if it is to be removed and when. 

	1.13 Mill Tests 
	.1 Submit mill test certificates as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.14 Equipment and Systems 
	.1 Submit adjustment and balancing reports for mechanical, electrical, and other equipment systems.  
	.2 Refer to Specification section for definitive requirements. 
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	1. PRODUCTS 
	1.1 Manufacturers' Directions 
	.1 Unless otherwise specified, install or erect all products in accordance with Manufacturers' recommendations.  Do not rely on labels or enclosures provided with products.  Obtain instructions directly from manufacturers. 
	.2 Notify the Contract Administrator, in writing, of any conflicts between the Specifications and Manufacturers' instructions so that the Contract Administrator may establish the course of action. 
	.3 Improper installation or erection of products due to failure in complying with these requirements authorizes the Contract Administrator to require any removal and re installation that may be considered necessary, at no increase in Contract Price. 

	2. WORKMANSHIP 
	2.1 Concealment 
	.1 In finished areas conceal all pipes, ducts and wiring except where indicated otherwise on Drawings or in Specifications. 
	.2 Before installation inform the Contract Administrator if there is a contradictory situation. 

	2.2 Location of Fixtures 
	.1 Consider the location of fixtures, outlets, and other mechanical and electrical items indicated on Drawings as approximate.  The actual location of these items is to be as required or directed to site conditions at the time of installation and as is reasonable. 
	.2 Before installation inform the Contract Administrator if there is a contradictory situation.  Install as directed. 

	2.3 Cutting and Remedial Work 
	.1 Perform all cutting and remedial work that may be required to make the several parts of the Work come together properly.  Coordinate and schedule the Work to ensure that cutting and remedial work are kept to a minimum. 
	.2 Employ specialists familiar with the materials affected in performing cutting and remedial work.  Perform in a manner to neither damage nor endanger any portion of the Work. 
	.3 Do not cut, drill or sleeve any load bearing members without written acceptance of the Contract Administrator. 
	.4 The Contractor is to perform work so as to minimize dust. 

	2.4 Fastenings 
	.1 Provide metal fastenings and accessories in same texture, colour and finish as adjacent material unless otherwise specified. 
	.2 Prevent electrolytic action between dissimilar metals and materials. 
	.3 Use non-corrosive, non-staining fasteners and anchors for securing exterior Work unless otherwise specified. 
	.4 Space anchors within their load limit or shear capacity and ensure that they provide positive permanent anchorage.  Wood plugs are not acceptable. 
	.5 Keep exposed fastenings to a minimum, space evenly and lay out neatly. 
	.6 Fastenings which cause spalling or cracking of material to which anchorage is made are not acceptable. 


	3. MEASUREMENT 
	3.1 Metric Project 
	.1 Unless otherwise noted, this Project has been designed and is to be constructed in the SI nominal metric system of measurements. 
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	1. DESCRIPTION 
	.1 This Section supplements the requirements for the provision of O&M Manuals as described in Section 01300 – Submittals. 
	.2 Furnish complete operations manuals and maintenance information as specified in this Section for installation, check-out, operation, maintenance, and lubrication requirements for each unit of mechanical, electrical, and instrumentation equipment or system and each instrument. 
	.3 Customize the operations manuals and maintenance information to describe the equipment actually furnished.  Do not include extraneous data for models, options, or sizes not furnished (cross out or remove if required).  When more than one model or size of equipment type is furnished, show the information pertaining to each model, option, or size. 
	.4 Assemble, coordinate, bind, and index required data into an O&M Manual. 
	.5 Three (3) draft copies of the manuals shall be submitted a minimum of sixty (60) days prior to Substantial Performance of the Work for review and comments.  A maximum of eight (8) weeks after review, twelve (12) copies of the final manuals shall be supplied.   
	.6 In addition to the twelve (12) hard copies, submit an electronic version of the O&M Manual. 
	.7 Materials:  Label each Section with tabs protected with celluloid covers, fastened to hard paper dividing sheets. 
	.8 Type lists and notes. 
	.9 Drawings, diagrams and Manufacturer's literature must be legible.  Drawings larger than 280 x 430 mm must be folded and placed inside plastic pockets. 

	2. OPERATION AND MAINTENANCE MANUAL CONTENTS AND ORGANIZATION 
	.1 Provide the Manufacturer’s standard O&M manuals for the equipment or instruments supplied.  If the Manufacturer's standard manuals do not contain all the required information, provide the missing information in supplementary documents and Drawings inserted behind appropriate tabs in the manual binder. 
	.2 When more than one (1) piece of identical equipment or instruments are supplied, provide only one (1) set of operations manuals. 
	.3 One (1) set of operations manuals may be provided when more than one (1) piece of similar equipment or instruments are supplied, such as different sizes of the same model, and all similar pieces are covered in the same standard Manufacturer's O&M manual. 
	.4 When similar equipment or instruments are provided by the same Manufacturer, but are not covered in the same standard Manufacturer's O&M manual, their specific manuals may be bound in the same 3-ring binder.  Separate specific manuals with tab dividers labelled with the appropriate equipment numbers. 
	.5 Provide a cover sheet, bound as the first page of each manual, with the following information: 
	.1 Contract name and number. 
	.2 Equipment number or, if more than one (1) piece of equipment is provided, equipment numbers for equipment or instruments covered by the manual.  Include functional description of equipment after each number. 

	.6 Provide a table of contents listing the contents of the manual and identifying where specific information can be located. 
	.7 Insert the specific information described below in the O&M manuals in a format similar to that listed: 
	.1 Tab 1 – General Information 
	.1 Functional title of the system, equipment, material, or instrument. 
	.2 Relevant Specification Section number and Drawing reference. 
	.3 Address and telephone number of the Manufacturer and the nearest Manufacturer's Representative. 

	.2 Tab 2 - Equipment Data 
	.1 Insert Specification Section and completed Equipment and Instrumentation Data sheets for equipment supplied.  Attach all Addenda, Change Orders, and change directives that refer to that specific item of equipment. 

	.3 Tab 3 – Operation Information 
	.1 Include the Manufacturer's recommended step-by-step procedures for starting and stopping under normal and emergency operation.  Include all specified modes of operation including recommended operation after the assembly or equipment has been in long-term storage. 
	.2 Provide control diagrams with data and information to explain operation and control of systems and specific equipment.  Identify normal operating setpoints and alarm conditions. 
	.3 Provide technical information on all alarms and monitoring devices provided with the equipment. 
	.4 Provide troubleshooting information.  Clearly identify which problems to look for and how to solve them. 

	.4 Tab 4 - Technical Data 
	.1 Insert Manufacturer's Technical Specification and data sheets. 
	.2 Insert Manufacturer’s certified performance and calibration curves for the equipment and instruments. 

	.5 Tab 5 - Maintenance Information 
	.1 Include the description and schedule for all Manufacturers’ recommended routine preventative maintenance procedures including specific lubrication recommendations.  Indicate whether procedure is to be done daily, weekly, monthly, quarterly, semi-annually, annually, or fill in hours of operation. 

	.6 Tab 6 - Maintenance Instructions 
	.1 Provide requirements to set-up and check out each system for use.  Include all required and recommended step-by-step inspections, lubrications, adjustments, alignments, balancing, and calibrations.  Include protective device settings, warnings, and cautions to prevent equipment damage and to insure personnel safety. 
	.2 Provide Manufacturer’s description of routine preventive maintenance, inspections, tests, and adjustments required to ensure proper and economical operation and to minimize corrective maintenance and repair. 
	.3 Provide Manufacturer’s recommendations on procedures and instructions for correcting problems and making repairs. 
	.4 Provide step-by-step procedures to isolate the cause of typical malfunctions.  Describe clearly why the checkout is performed and what conditions are to be sought.  Identify tests or inspections and test equipment required to determine whether parts and equipment may be reused or require replacement. 
	.5 Provide step-by-step procedures and list special required tools and supplies for removal, replacement, disassembly, and assembly of components, assemblies, subassemblies, accessories, and attachments.  Provide tolerances, dimensions, settings, and adjustments required. 

	.7 Tab 7 - Assembly Drawings 
	.1 Provide Drawings which completely document the equipment, assembly, subassembly, or material for which the instruction is written.  Provide the following Drawings as applicable: fabrication details, wiring and connection diagrams, electrical and piping schematics, block or logic diagrams, Shop Drawings, installation Drawings, layout and dimension Drawings, and electrical component fabrication Drawings. 
	.2 Provide clear and legible illustrations, Drawings, and exploded views to enable easy identification of the items.  When illustrations omit the part numbers and description, both the illustrations and separate listing shall show the index, reference, or key number which will cross-reference the illustrated part to the listed part.  Parts shown in the listings shall be grouped by components, assemblies, and subassemblies. 

	.8 Tab 8 - Bills of Materials 
	.1 Provide a clear, legible copy of the Bill of Materials that was shipped with the equipment.  The Bill of Materials should list all equipment, instruments, components, accessories, tools, and other items that were shipped with the equipment. 

	.9 Tab 9 - Lubrication Data 
	.1 Provide a table showing recommended lubricants for specific temperature ranges and applications. 
	.2 Provide charts with a schematic diagram of the equipment showing lubrication points, recommended types and grades of lubricants, and capacities. 
	.3 If the equipment or instrument is not lubricated, add a sheet under this Tab with the words "". 




	3. FIELD CHANGES NOT APPLICABLE 
	.1 Following the acceptable installation and operation of an equipment item, modify and supplement the item's instructions and procedures to reflect any field changes or information requiring field data. 

	4. COMMISSIONING DATA 
	.1 Provide in hard cover 3-ring binders for 215 x 280 mm paper labelled "COMMISSIONING DATA" one (1) copy of: 
	.1 All completed equipment testing and commissioning forms. 
	.2 All completed equipment checklists and performance reports, including noise and vibration analysis, instrumentation calibration data, and all other relevant information. 
	.3 All system performance reports. 



	5. WARRANTIES 
	.1 Provide in hard cover 3-ring binders for 215 x 280 mm paper labelled "WARRANTIES" one (1) copy of: 
	.1 Manufacturers' standard Warrants and Guarantees.  Include the name and telephone number of the contact person.  Indicate the time frame of each Warrant or Guarantee on the list. 
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	1. GENERAL 
	1.1 Section Includes 
	.1 Quality assurance requirements 
	.2 Inspection and testing, administrative and enforcement requirements.  
	.3 Tests and mix designs.  
	.4 Mock-ups.  
	.5 Mill tests.  
	.6 Equipment and system adjust and balance. 

	1.2 Precedence 
	.1 Refer to GC:2. 

	1.3 Related Sections (Not Used) 
	1.4 References 
	.1 Unless the edition number and/or date are specified, any reference to the Manufacturer’s and published codes, standards and specifications shall mean the latest edition published by the issuing authority, and in effect three (3) Business Days before the Submission Deadline. 
	.2 Referenced standards and specifications define minimum requirements.  Work in quality exceeding these minimum requirements conforms to the Contract. 
	.3 Any reference to a Manufacturer’s direction, instruction, or specification shall be deemed to include full information on storing, handling, preparing, mixing, installing, erecting, applying, or other matters concerning the products pertinent to their use and their relationship to the products with which they are incorporated. 
	.4 Any reference to regulatory authorities includes all authorities having jurisdiction. 
	.5 Any reference to a Specification section includes all Drawings and Schedules related to the work of that section. 

	1.5 Inspection 
	.1 Refer to GC:11. 

	1.6 Independent Inspection Agencies 
	.1 Except where inspecting, testing and similar quality control services are specifically indicated to be the Contractor’s responsibility, the City will engage Independent Inspection/Testing Agencies for the purpose of inspecting and/or testing portions of Work.  Cost of such services will be borne by the City.  
	.2 Where inspecting, testing and similar quality control services are specifically indicated in the Specification Sections as the Contractor’s responsibility, the Contractor shall engage appropriate Independent Inspection/Testing Agencies.  Cost of such services will be borne by the Contractor. 
	.3 Where the City has engaged an Inspection/Testing Agency for testing and inspection of a part of the Work and the Contractor is also required to engage an Inspection/Testing Agency for the same or related part of the Work; the Contractor shall not employ the same agency engaged by the City without the prior written approval of the Contract Administrator. 
	.4 Employment of Inspection/Testing Agencies does not relax responsibility to perform Work in accordance with Contract Documents.  
	.5 If defects are revealed during inspection and/or testing, appointed agency may require additional inspection and/or testing to ascertain full degree of defect. Regardless of original responsibility, pay costs for additional inspection and testing, retesting, re-inspection.  

	1.7 Access to Work 
	.1 Refer to GC:11. 

	1.8 Procedures 
	.1 Refer to GC:11. 
	.2 Submit for the Contract Administrator’s approval a written Quality Assurance Plan prior to start of any on site activities.  The plan shall include as a minimum: 
	.1 Contractor’s approach and philosophy to QA/QC during construction.  
	.2 Contractor’s method for identification and tracking of all control documents.  
	.3 Organization chart showing proposed personnel and key contacts for QA/QC. 
	.4 QC Representative and any subordinate experts. Submit resumes for the Contract Administrator’s approval. 
	.5 QC Representative’s on Site presence and participation in pre-installation, and Subcontractor meetings. 
	.6 Contractor’s bi-weekly QC report, including results of contractor certifications, test results, corrective action and follow-up on any deficiencies in the Project’s quality control.  
	.7 A list of proposed Inspection/Testing Agencies and their qualifications. 

	.3 The QC Representative shall be: 
	.1 Independent of the Contractor’s Supervisor 
	.2 Qualified by experience and training to monitor construction quality. 
	.3 Responsible for the overall quality assurance of the Contractor’s work and compliance with Contract.  
	.4 Responsible to observe and certify the performance of contractor tests and pre-inspections identified, and to attend meetings on site.  The QC Representative may elect to use an alternate expert to observe/certify performance.  
	.5 Authorized to stop work at any time that quality problems necessitate.  This authority shall be delineated in a letter of appointment from a Contractor, and shall be included in the QA Plan. 

	.4 Notify appropriate agency and the Contract Administrator not less than forty eight (48) hours in advance of requirement for tests, in order that attendance arrangements can be made. 
	.5 Submit samples and/or materials required for testing, as specified in Specification section. Submit with reasonable promptness and in an orderly sequence so as not to cause delay in Work.  
	.6 Provide labour and facilities to obtain and handle samples and materials on the Site.  
	.7 Provide suitable facilities for the storage of specimens or samples at correct temperature, free from vibration or damage in accordance with the instruction of the Inspection/Testing Agency and the governing standard. 

	1.9 Rejected Work 
	.1 Refer to GC:11. 
	.2 Make good other Contractor's work damaged by such removals or replacements promptly.  

	1.10 Reports 
	.1 For inspecting, testing and similar quality control services which are the Contractor’s responsibility, submit four (4) copies of inspection and test reports to the Contract Administrator, unless specified otherwise. 
	.2 Each report shall include: 
	.1 Date of issue 
	.2 Contract name and number 
	.3 Name, address and telephone number of Inspection/Testing Agency 
	.4 Name and signature of inspector and tester 
	.5 Date of inspection or test 
	.6 Identification of the product and Specification section covering inspected or tested Work 
	.7 Location of the inspection or the location from which the tested product was derived 
	.8 Type of inspection or test 
	.9 Complete inspection or test data. 
	.10 Test results and an interpretation of test results. 
	.11 Ambient conditions at the time of sample taking and testing. 
	.12 The remarks and observations on compliance with the Contract Documents 
	.13 Recommendations on retesting or other corrective action where necessary 
	.14 Signature of a qualified and authorized representative of the Agency 

	.3 Submit reports within forty eight (48) hours, and notify the Contract Administrator forthwith if the report indicates improper conditions or procedures. 
	.4 Refer to Specification section for definitive requirements. 

	1.11 Tests and Mix Designs 
	.1 Furnish test results and mix designs as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.12 Mock-ups 
	.1 Prepare mock-ups as identified in Specification sections.  Include for Work of all Sections required to provide mock-ups.  
	.2 Construct in locations as identified in Specification sections or as otherwise approved by the Contract Administrator.  
	.3 Prepare mock-ups for the Contract Administrator’s review with reasonable promptness and in an orderly sequence, so as not to cause any delay in Work.  
	.4 Failure to prepare mock-ups in ample time is not considered sufficient reason for an extension of Contract Time and no claim for extension by reason of such default will be allowed.  
	.5 Specification section identifies whether mock-up may remain as part of Work or if it is to be removed and when. 

	1.13 Mill Tests 
	.1 Submit mill test certificates as specified or reasonably required by the Contract Administrator. 
	.2 Refer to Specification section for definitive requirements. 

	1.14 Equipment and Systems 
	.1 Submit adjustment and balancing reports for mechanical, electrical, and other equipment systems.  
	.2 Refer to Specification section for definitive requirements. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Work under this Section includes, but is not necessarily limited to, the following items: 
	.1 Excavation to required elevations for the base slabs and footings. 
	.2 Supply and placement of granular levelling material below void form. 
	.3 Supply, placement, and compaction of backfill and fill materials to attain indicated grades and profiles. 
	.4 Disposal of surplus excavated material. 
	.5 Dewatering of excavations. 


	1.2 Reference Standards 
	.1 Conform to requirements of the NBC and the Canadian Construction Safety Code. 
	.2 Comply with excavation and trenching regulations of Provincial authorities. 

	1.3 Submittals 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 If shoring, bracing, or sheet piling are used, submit design documentation signed and sealed by a qualified Professional Engineer registered in the Province of Manitoba. 

	1.4 Samples 
	.1 For granular materials, submit a 25 kg sample for coarse, gravelly soil or 75 kg sample for coarse, crushed stone of each type, clearly labelled for type and source of the materials, for analysis by testing laboratory.  Ship samples prepaid or deliver in tightly closed containers to testing laboratory designated by Contract Administrator. 
	.2 There shall be no charge for any materials taken by the Contract Administrator for testing purposes. 
	.3 All materials shall be reviewed and accepted by the Contract Administrator at least ten (10) days before any construction is undertaken. 
	.4 Costs for analysis will be paid by the City. 

	1.5 Compaction Testing 
	.1 Testing of compacted fill materials will be performed by an independent inspection and testing firm appointed and paid by the City.  Testing will be performed so as to least encumber the performance of the Work. 
	.2 The City will pay for the first series of tests only, on the area being evaluated.  Pay costs for additional testing, if required, due to improper performance of Work. 
	.3 Tests will be performed in accordance with ASTM D698 for Standard Proctor Density on representative samples to control compaction requirements.  The Contract Administrator will decide the frequency and number of tests required. 
	.4 The field density of the compacted layers shall be verified by field density tests in accordance with ASTM D2922, using nuclear methods performed by the inspection and testing firm.  The frequency and number of tests required will be decided by the Contract Administrator. 
	.5 Notify the Contract Administrator when Work of this Section or portions of Work are completed to own satisfaction.  Do not proceed with additional portions of Work until test results have been verified and accepted. 
	.6 If tests indicate that compacted materials do not meet specified required materials, remove defective Work, replace, and re-test at own expense as directed by the Contract Administrator. 
	.7 Ensure compacted fills are tested and accepted before proceeding with placement of surface materials. 

	1.6 Geotechnical Information 
	.1 Refer to Specification E2 for a list of test hole logs and reports available associated with the Site. 

	2. PRODUCTS 
	2.1 General 
	.1 All materials to be subject to Contract Administrator's acceptance. 
	.2 Granular materials to be composed of sound, hard, uncoated particles, free from injurious quantities of clay, flaky particles, soft shale, friable materials, roots, vegetable matter, and frozen lumps. 
	.3 Grading of granular materials to show no marked fluctuations between opposite ends of extreme limits. 
	.1 Type 1:  pit run granular backfill shall consist of a clean, well-graded, and free-draining pit run material with a maximum size of 75 mm, and less than 5% by weight finer than 0.075 mm. 
	.2 Type 2:  crushed gravel graded within following limits: 
	At least 60% of material retained on 5 mm sieve to have at least one (1) freshly fractured face. 

	.4 Type 3:  pit run sand for levelling with maximum stone size 40 mm. 
	.5 Type 4:  common clay backfill shall be free from organic material and rocks larger than 150 mm in size and building debris.  Fill under landscaped areas to be free from alkali, salt, petroleum products and other materials detrimental to plant growth.  Common backfill shall be obtained from Disposal Sites 1 and 2 indicated on the Drawings subject to review by Contract Administrator. 


	3. EXECUTION 
	3.1 Finish Elevations and Lines 
	.1 For setting and establishing finish elevations and lines, secure the services of a registered surveyor or experienced instrumentman acceptable to the Contract Administrator. 
	.2 Carefully preserve all data and all monuments set by the registered surveyor.  If displaced or lost, immediately replace to the acceptance of the Contract Administrator, at no additional cost to the City. 

	3.2 Excavation 
	.1 Perform excavation in strict compliance to Work Place Safety and Health and authorities have jurisdiction. 
	.2 Excavate to noted limits and as required for walls and foundations.  Stockpile material to be used for backfilling on-site as directed by the Contract Administrator.  Excess material is to be disposed of immediately as per Item 3.6, Disposal. 
	.3 When complete, request Contract Administrator to review excavations. 
	.4 Local pockets of material which, in the opinion of the Contract Administrator are unsuitable, shall be removed to such depths as required by the Contract Administrator. 
	.5 The completed excavation shall provide clean, level, solid, and water-free surfaces at the required elevations, ready to receive construction. 
	.6 Excavations are not to encroach on existing slopes and as indicated in the geotechnical information. 
	.7 Backfill and compact all over-excavated areas under structure surfaces with Type 1 fill and compact to 90% Standard Proctor Density and at no additional cost to the City. 
	.8 Make good all damage occurring as a result of inadequate, unauthorized, or defective methods of protection. 
	.9 Areas used for temporary stockpiling shall be restored to existing condition or better. 

	3.3 Shoring, Bracing, and Sheet Piling 
	.1 Supply and install all shoring, bracing, and sheet piling required to prevent injury to personnel and damage to existing structures and excavations, and where necessary for safe work within the excavated areas. 
	.2 Comply with all applicable rules and regulations of governmental authorities. 
	.3 Erect shoring, bracing, and sheet piling independent of utilities and structures. 
	.4 Prefabricated cages or shields may be used to supplement or replace conventional shoring, provided they comply with all applicable safety regulations and permit placing and compacting of backfilling material around new construction. 
	.5 Maintain shoring, bracing, and sheet piling during backfilling and remove in stages as backfilling progresses. 
	.6 Remove all shoring, bracing, and sheet piling unless otherwise permitted by the Contract Administrator. 
	.7 If shoring, bracing, and sheet piling are allowed to remain, cut off to an elevation at least 1,000 mm below finish grade and structures. 
	.8 Assume full responsibility for any failure, collapse, or movement of existing structures, shoring, bracing, sheet piling, earth banks, trenches, and other excavations. 

	3.4 Dewatering 
	.1 Provide Site drainage and dewatering around the structures in accordance with Specification E6. 

	3.5 Backfilling, Fill, and Compaction 
	.1 Preparation 
	.1 Ensure areas to be backfilled are free from debris, snow, ice, and water and that ground surfaces are not in a frozen condition. 

	.2 Backfilling and Filling 
	.1 Backfill and fill to grades, contours, levels, and elevations indicated on Drawings. 
	.2 Do not backfill against foundation walls until the perimeter drainage system has been installed and accepted by the Contract Administrator. 
	.3 Do not backfill against foundation walls until the floor slab framing into the walls has been completed and without the prior permission of the Contract Administrator.  The wall concrete must have attained the twenty eight (28) day minimum compressive strength and the slab concrete must have attained 75% of the twenty eight (28) day minimum compressive strength before backfilling. 
	.4 Maintain optimum moisture content of materials to permit compaction to specified densities. 
	.5 Compact each soil layer to at least the specified minimum degree; repeat compaction process until plan grade is attained.  Compaction densities indicated herein are based on ASTM D698 for Standard Proctor Density. 

	.3 Bedding over Sub-Grade 
	.1 Type 1 pit run gravel fill for over excavation shall be placed in uniform lifts not greater than 200 mm in thickness and shall be compacted to a density of at least 95% Standard Proctor Density. 
	.2 Type 3 pit run sand for the levelling layer shall be spread on the subgrade in varying thickness as required (nominal 50 mm) to attain smooth surfaces and required elevations indicated on the Drawings for the placement of the voidform under the footings and base slabs. 

	.4 Backfill around Structure Walls 
	.1 Type 1 pit run gravel fill and Type 4 common clay backfill shall be placed in lifts not greater than 200 mm in thickness to the extents shown on the Drawings and shall be compacted to a density of at least 95% Standard Proctor Density to allow equipment tractability and limit settlement, but not result in a significant decrease in permeability of the Type 1 pit run gravel. 
	.2 Successive lift placement of Type 1 and Type 4 shall be coordinated so that the maximum difference in the elevations of the respective working surfaces shall not exceed 200 mm. 
	.3 The top three layers of Type 4 common clay fill shall be placed in lifts not great than 150 mm in thickness and each compacted lift shall be scarified a minimum of 50 mm prior to placement of successive lifts to ensure adequate bonding between each lift.  A homogeneous, continuous, low permeability zone of impervious clay shall be achieved, free from any clay lumps, cracks, rutting, or deleterious material, to the satisfaction of the Contract Administrator. 
	.4 Type 2 crushed gravel under concrete slabs on grade shall be placed in uniform lifts not greater than 150 mm in thickness and shall be compacted to a density of at least 100% Standard Proctor. 
	.5 Care shall be taken when placing fill materials immediately adjacent to the structure to ensure no damage occurs to the wall and any covering materials.  Any damage shall be repaired by the Contractor at his expense. 

	.5 Sub-drain 
	.1 Requirements for the sub-drain coarse granular drainage material for the perimeter and roof are specified in Section 02620 – Sub-Drainage. 


	3.6 Disposal 
	.1 Surplus material not required for backfill and fill purposes shall be disposed of on Site to a location designated by the Contract Administrator at no extra cost to the City. 

	3.7 Clean-Up 
	.1 As excavation proceeds, keep roads, streets, and sidewalks clean of dirt and excavated material. 
	.2 Clean-up and wash down to remove all dirt and excavated materials caused by Work of this Section. 
	.3 Clean at the end of each working day. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply, pick-up, delivery, and installation of precast concrete piles. 

	1.2 Storage, Handling, and Installation 
	.1 Protect piles from damage due to excessive bending stresses, impact, abrasion, or other causes from point of pick-up and during storage and handling.  Install piles to stated driving tolerances. 
	.2 The Contract Administrator shall be the sole judge of the acceptability of supplied piles. 
	.3 Replace rejected piles to satisfaction of Contract Administrator.  Causes for pile rejection are as follows: 
	.1 Out of fabrication tolerances at time of installation 
	.2 Cracked, spalled, or broken piles 
	.3 Out of stated driving tolerances 


	1.3 Geotechnical Information 
	.1 Refer to Specification E2 for a list of test hole logs and reports available associated with the Site. 
	.2 Notify Contract Administrator in writing if subsurface conditions at Site differ materially from those indicated and await further instructions from Contract Administrator. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Piles shall be fabricated and supplied as specified in Section 02468 – Precast Concrete Piles. 
	.2 Piles shall be fabricated full length piles without cutting and splicing requirements.  Contractor shall provide equipment to handle full length piles. 
	.3 If pile extensions are required and allowed by the Contract Administrator, the pile extensions shall be constructed in accordance with the details shown on the Drawings.   


	3. EXECUTION 
	3.1 Delivery, Storage, and Handling 
	.1 Protect piles from damage due to excessive bending stresses, impact, abrasion, or other causes during delivery, storage, and handling. 

	3.2 Equipment 
	.1 Prior to the commencement of pile installation, submit details of equipment for installation of piles to Contract Administrator for review. 
	.2 Hammer: 
	.1 Impact hammers:  provide Manufacturer's name, type, rated energy per blow at normal working rate, mass of striking parts of hammer, mass of driving cap and type and elastic properties of hammer and pile cushions. 
	.2 Hammers with proven performance in local conditions for piles of the same size specified for this Work will be accepted for use on this Work.  For other hammers the driveability analysis as outlined in the following paragraphs shall be submitted to the Contract Administrator for review prior to driving piles. 
	.3 Hammers to be selected on the basis of driveability analysis using wave equation theory, performed to show that piles can be driven to levels indicated. 
	.4 The driveability analysis shall include, but not be limited to, the following: hammer, cushion, and capblock details; static soil parameters; quake and damping factors, total soil resistance, blow count, pile stresses, and energy throughput at representative penetrations. 
	.5 Driveability analysis shall be submitted to the Contract Administrator for review of the hammer or hammers. 
	.6 When required criteria cannot be achieved with the proposed hammer, use larger hammer and take other measures as required. 
	.7 Drop hammers are not permitted. 

	.3 Leads: 
	.1 Construct pile driver leads to provide free movement of hammer.  Hold leads in position at top and bottom, with guys, stiff braces, or other means to ensure support to pile while being driven. 
	.2 Length:  provide length of leads so that use of a follower is unnecessary. 
	.3 Swing leads:  firmly guy top and bottom to hold pile in position during driving operation. 

	.4 Followers: 
	.1 When permitted, provide followers of such size, shape, length, and mass to permit driving pile in desired location to required depth and resistance. 
	.2 Provide followers with socket or hood carefully fitted to top of pile to minimize loss of energy and prevent damage to pile. 


	3.3 Preparation 
	.1 Ensure that ground conditions at pile locations are adequate to support pile driving operation and load testing operation.  Make provision for access and support of piling equipment during performance of work. 
	.2 Pre-bore with a 400 mm diameter auger bit to a depth no lower than elevation 224.600. 

	3.4 Field Measurement 
	.1 Contractor shall cooperate with the Contract Administrator and shall allow access during the pile installation operations so that all the field measurements can be performed expeditiously. 
	.2 Field measurements for each pile will include: 
	.1 Type and make of hammer, stroke, and related energy 
	.2 Other driving equipment including water jet, driving cap, and cushion 
	.3 Pile size and length, location of pile in pile group, and location or designation of pile group 
	.4 Sequence of driving piles in group 
	.5 Number of blows per 25 mm for last 150 mm 
	.6 Initial tip, final tip, and cut-off elevations 
	.7 Re-driving records 
	.8 Other pertinent information such as interruption of continuous driving and pile damage 
	.9 Record elevation taken on adjacent piles during, before, and after driving of each pile 


	3.5 Driving 
	.1 Drive precast piles only when concrete has attained strength of 35 MPa as determined by related concrete compression testing in accordance with CAN/CSA A23.2-00.  Use driving caps and cushions to protect piles.  Reinforce pile heads as required by Contract Administrator.  Piles with damaged heads as determined by Contract Administrator will be rejected. 
	.2 Hold piles securely and accurately in position while driving. 
	.3 Deliver hammer blows along axis of pile. 
	.4 Drive piles to practical refusal, as outlined in the geotechnical information.  Blow count requirements shall be determined by the Contract Administrator.  If followers are used, established criteria for refusal will be increased by 50%. 
	.5 When driving piles, adjust hammer as required to deliver reduced impact, so that reflected tensile stress in pile does not exceed allowable. 
	.6 Do not drive piles within 10 m of masonry or concrete that has been in place less than seven (7) calendar days.  Do not drive piles within 30 m of masonry or concrete that has been in place less than one calendar (1) day. 
	.7 Re-strike already driven piles lifted during driving of adjacent piles to confirm and assure set. 
	.8 Remove loose and displaced material from around piles after completion of driving, and leave clean, solid surfaces to receive foundation concrete. 
	.9 Cut off piles neatly and squarely at elevation ranges as indicated on the Drawings.  Final cut off elevations will be confirmed during construction.  Provide sufficient length above cut off elevation so that the part damaged during driving is cut off.  Do not cut tendons or other reinforcement which will be used to tie supported structure above to pile.  A minimum of 450 mm of strands shall remain for this purpose.  The cut off surface of the piles shall be mechanically chipped to expose sound concrete. 
	.10 Remove cut-off lengths from site on completion of work. 

	3.6 Design Load Capacity 
	.1 Allowable design load capacity of piles at specified loads is: 
	.1 400 millimetres diameter hex - 800 kN 

	.2 Installation of each pile will be subject to the review of the Contract Administrator.  Contract Administrator will be the sole judge of acceptability of each pile with respect to final driving resistance, depth of penetration, or other criteria used to determine load capacity.  Contractor shall allow Contract Administrator to review final driving of all piles prior to removal of pile driving rig from Site. 

	3.7 Driving Tolerances 
	.1 Pile heads shall be within ± 100 mm of locations as indicated. 
	.2 Piles shall not to be more than 2% of length out of vertical alignment. 

	3.8 Obstructions 
	.1 Where obstruction is encountered that causes sudden unexpected change in penetration resistance or deviation from specified tolerances, proceed as directed by the Contract Administrator. 

	3.9 Repair/Restoration 
	.1 The Contract Administrator may require one (1) or more of the following remedial measures: 
	.1 Remove rejected pile and replace with a new, and if necessary, a longer pile 
	.2 Remove rejected piles, fill holes, and replace with new piles 
	.3 Leave rejected piles in place and cut off as directed by Contract Administrator 
	.4 Leave rejected pile in place, place adjacent pile(s), and modify pile cap as directed by Contract Administrator 

	.2 No extra compensation will be made for removing and replacing or other work made necessary through rejection of defective piles. 

	3.10 Protection 
	.1 Protect adjacent structures, services, and Work of other Sections from hazards due to pile driving operations. 
	.2 Arrange sequencing of pile driving operations and methods such that no damage occurs to adjacent existing structures.  If damaged, remedy damaged items to restore to original or better condition at own expense. 
	.3 Undertake review of all adjacent infrastructure with the Contract Administrator complete with a photographic record sufficient to establish pre-driving conditions of the existing adjacent infrastructure. 
	.4 Protection for pile strand ends: 
	.1 Highly visible protection safety caps shall be installed for all pile reinforcing strand ends immediately following strand exposure operations.  One (1) protection cap may be used for each pile by grouping and securely tying the strands. 
	.2 The protection caps shall be highly visible and shall be made secure so that accidental contact will not easily dislodge the caps.  Dislodged caps shall be re-installed immediately. 
	.3 Pile reinforcing strands shall be protected from severe bending.  Kinked or broken strands shall be repaired to the satisfaction of the Contract Administrator. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Fabrication, storage, and loading of 400 mm diameter precast concrete piles. 

	1.2 References 
	.1 CSA 
	.1 CAN/CSA-A23.1-00/A23.2-00, Concrete Materials and Methods of Concrete Construction/Methods of Test for Concrete. 
	.2 CSA A23.4, Precast Concrete – Materials and Construction. 
	.3 CAN/CSA-A3000, Cementitious Materials Compendium (consists of A3001, A3002, A3003, A3004, and A3005). 

	.2 ASTM 
	.1 ASTM A416/A416M, Standard Specification for Steel Strand, Uncoated Seven-Wire for Prestressed Concrete. 
	.2 ASTM C260, Standard Specification for Air-Entraining Admixtures for Concrete. 


	1.3 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Each drawing submitted shall bear the signature and stamp of a qualified Professional Engineer registered in the Province of Manitoba. 
	.3 Indicate the following items: 
	.1 Lifting point details and locations 
	.2 Storage support point locations 
	.3 Mechanical pile splice details complete with calculations 
	.4 Rock points 
	.5 Concrete strength 
	.6 Reinforcing details 
	.7 Type and grade of steel 


	1.4 Certificates 
	.1 Piles delivered to the Site to be certified by Manufacturer that each batch of piles to have strength of 35 MPa at twenty eight (28) days. 

	1.5 Review and Monitoring 
	.1 Provide free access to all portions of Work and cooperate with testing and inspection firm retained and paid by the City. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Concrete mixes and materials:  to CSA-A23.1-00 and CSA-A23.4. 
	.2 Reinforcing steel:  to CAN/CSA-G30.18. 
	.3 Cold-drawn steel wire for concrete reinforcement:  to ASTM A416/A416M. 
	.4 Spiral reinforcing: 6 mm diameter hot-rolled rod conforming to Chemical Composition Specification C1008, minimum yield strength 250 MPa. 
	.5 Supply or fabricate full length piles as indicated and provide equipment to handle full length piles without cutting and splicing. 

	2.2 Concrete Mixes 
	.1 Proportion normal density concrete in accordance with CSA-A23.1-00, Alternative 1, to give following properties: 
	.1 Class of exposure:  S-1 
	.2 Cement:  Type 50 Portland Cement in accordance with CAN/CSA-A3000 
	.3 Minimum compressive strength at twenty eight (28) days:  35 MPa 
	.4 Maximum water to cementitious material ratio:  0.34 
	.5 Nominal size of coarse aggregate:  19 mm maximum 
	.6 Air content:  3 to 6%, to ASTM C260 
	.7 Chemical admixtures:  in accordance with CAN/CSA-A3000 
	.8 Pozzolanic mineral admixtures:  in accordance with CAN/CSA-A3000 



	3. EXECUTION 
	3.1 Fabrication 
	.1 Fabricate precast concrete piles to lengths as specified. 
	.2 Fabricate piles to following finish tolerances: 
	.1 Length:  ± 3 mm/m of length 
	.2 Cross section: 
	.1 Solid sections:  - 5 to plus 10 mm 
	.2 Deviation from straight line:  not more than 3 mm/m of length and not more than 10 mm in full length 
	.3 Deviation of reinforcing cage from true position:  10 mm 
	.4 Pile head:  10 mm/m from true right angle plane; surface irregularities 3 mm 
	.5 Location of reinforcing steel main reinforcing cover:  - 3 to plus 5 mm; spiral:  10 mm 
	.6 Strand projection:  strands shall be cut off flush or slightly below pile head surface for driving 


	.3 Prestress piles under the direction of an experienced and competent supervisor.  All personnel operating the stressing equipment shall have been trained in its use. 
	.4 De-tension in a manner to keep eccentricity to a minimum. 

	3.2 Handling, Storage, and Delivery 
	.1 Inspection of the fabricated product upon shipment and certification that the product is free from any damage or defects. 
	.2 Replace damaged piles to satisfaction of Contract Administrator. 
	.3 Protect piles from damage due to excessive bending stresses, impact, abrasion, or other causes during storage and handling. 
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	DELETE 
	1. GENERAL 
	1.1 Section Includes 
	.1 Materials and installation for constructing subdrains. 

	1.2 Reference Standards 
	.1 Conform to requirements of the NBC and the Canadian Construction Safety Code. 
	.2 Comply with excavation and trenching regulations of Provincial authorities. 

	1.3 Samples 
	.1 Submit samples in accordance with Section 01300 – Submittals. 
	.2 All materials incorporated into the Work of this Specification shall be subject to review and testing by the Contract Administrator, including all operations from the selection and separation of the materials, through to final acceptance of the specified Work. 
	.3 The Contractor shall be wholly responsible for the control of all operations incidental to the Work, notwithstanding any review or acceptance that may have previously been given. 
	.4 The Contract Administrator reserves the right to reject any materials or works which are not in accordance with the requirements of this Specification. 
	.5 There shall be no charge for any materials taken by the Contract Administrator for testing purposes. 
	.6 For granular materials, submit a 25 kg sample.  Ship samples prepaid or deliver in tightly closed containers to testing laboratory designated by Contract Administrator. 
	.7 Costs for analysis will be paid by the City. 

	1.4 Delivery, Storage, and Handling 
	.1 During delivery and storage, protect geotextiles from direct sunlight, ultraviolet rays, excessive heat, mud, dirt, dust, debris, and rodents. 
	.2 The geotextile shall remain wrapped in a protective covering until it is used. 
	.3 The Contractor shall ensure that breakdown or contamination of the subdrain materials does not occur due to any handling or hauling, including contamination from hauling equipment. 

	2. PRODUCTS 
	2.1 Material 
	.1 Coarse Granular Drain Material 
	.1 The coarse granular for the subdrains and roof granular drainage zones shall consist of a clean and processed, free draining granular material for use as a high permeability backfill. 
	.2 The granular drain material shall consist of clean, a processed granular material pea gravel, ranging in size from 5 to 19 mm.  The material shall be free from sod, roots, organics, snow, and any other deleterious material. 
	.3 Individual rock particles shall be dense, sound, and resistant to abrasion and shall be free of cracks, seams, and other defects that would tend to reduce resistance to destruction by water and frost action.  The Los Angeles Abrasion Loss, determined using ASTM test procedures, shall not exceed 30%. 

	.2 Geotextile 
	.1 Nonwoven geotextile filter fabric at least 4.6 m in width. 
	.2 Minimum tensile strength:  800 N to ASTM D4632 Grab Test or CAN/CGSB 4.2 No. 9.2. 
	.3 Minimum trapezoid tear:  330 N to ASTM D4533 or CAN/CGSB 4.2 No. 11.2. 
	.4 Minimum equivalent opening size:  0.210 mm to ASTM D4751. 
	.5 Acceptable products:  Trevira 1125 or Texel 7612. 

	.3 Drainage Pipe 
	.1 Perforated PVC Pipe 
	.1 The perforated pipe shall be 200 mm nominal diameter, Schedule 80 PVC pipe with standard perforations of two (2) rows of 5 mm diameter holes positioned at 120˚ radially along the pipe.  The longitudinal spacing of the holes shall be at 75 mm center to center along the length of the pipe. 
	.2 All fittings for the drain pipe, including bends, tees, elbows, and couplings shall be 200 mm nominal diameter, Schedule 80 PVC. 

	.2 Solid PVC Pipe 
	.1 The solid pipe shall be 200 mm nominal diameter, Schedule 80 PVC pipe. 
	.2 All fittings for the drain pipe, including bends, tees, elbows, and couplings shall be 200 mm nominal diameter, Schedule 80 PVC. 




	3. EXECUTION 
	3.1 Geotextile 
	.1 All work related to the geotextile storage, handling, and installation shall comply with the procedures and recommendations of the manufacturers 
	.2 Prior to placing the fabric, the bedding material shall be cleared of all unsuitable material to provide a smooth uniform surface to prevent puncturing or tearing the fabric. 
	.3 The fabric shall be overlapped at all joints a minimum of 600 mm.  The overlap shall be pinned or secured. 
	.4 The fabric shall be loosely placed in order to allow conformity to the bedding surface.  Folds and wrinkles in the fabric shall be avoided.  Pins, nails, or weights shall be installed to hold the fabric in place.  A minimum of 300 mm of material shall be placed over the fabric prior to equipment passage. 
	.5 If geotextile is damaged, inform Contract Administrator and repair the damage immediately.  All fill material shall be cleared a minimum of 1 m around the damaged area.  The damaged area shall be covered with a geotextile patch extending 1 m beyond the perimeter of the damage.  The fill material shall be replaced and compacted to the specified density. 

	3.2 Granular Drain Material 
	.1 The coarse granular drain material in the subdrains shall be placed in such a manner that no damage to the geotextile will occur. 
	.2 Some hand placing and levelling may be required to procure a neat and uniform surface conforming to the shape, dimensions, and grades shown on the Drawings and to ensure that adequate support below the haunches of the drain pipe is provided. 
	.3 The coarse granular drain material shall be placed in lifts not greater than 150 mm in thickness and shall be compacted to a density of at least 95% Standard Proctor Density to ASTM D698.  Surround the perforated pipes as shown on the Drawings. 
	.4 Do not place granular material in frozen conditions. 

	3.3 Perforated and Solid PVC Pipe 
	.1 All pipes shall be placed at the locations and inverts shown on the Drawings. 
	.2 Care shall be taken to protect the pipe from damage, collapse, or crushing, particularly from equipment passage.  Damaged pipe shall be replaced at the Contractor’s expense. 
	.3 The perforated pipes shall be placed on a minimum 50 mm of bed of coarse granular drain material at invert elevations shown on the Drawings.  Place pipe true to line and grade with inverts smooth and free of sags or high points.  Ensure barrel of each pipe is in contact with bed along full length with particular attention below the haunches. 
	.4 Lay perforated pipes with perforations downwards at 4 o’clock and 8 o’clock positions. 
	.5 Make joints tight in accordance with Manufacturer’s instructions. 
	.6 Plug open upstream ends of pipes with watertight covers. 
	.7 Backfill of the solid PVC pipe and connections to the sump pits shall conform to CW 2130 R10. 

	3.4 Disposal 
	.1 Surplus material not required shall be disposed of off Site within the City limits to a location designated by the Contract Administrator at no extra cost to the City. 

	3.5 Clean-Up 
	.1 As work proceeds, keep all work areas clean of dirt, excavated material, and construction debris. 
	.2 Clean at the end of each working day. 
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	1. GENERAL 
	.1 Culvert Installation shall for the GWWD Railway embankment shall be in accordance with Specification CW 3170-R3, ”Installation of Culverts” except where noted, revised, or supplemented in this Specification. 
	2. PRODUCTS 
	2.1 General 
	.1 The Contractor shall supply railway ballast in accordance with the requirements hereinafter specified. 
	.2 Railway ballast shall be composed of hard, strong and durable particles, clean and free from injurious amounts of deleterious substances and conforming to the following requirements of this Specification 
	.1 The limits for deleterious substances are as follows: 
	.1 Soft and friable pieces 5.0% 
	.2 Material finer than No. 200 Sieve 2.0% 
	.3 Clay lumps 0.5% 


	.3 The percentage of wear shall be less than 32%, as determined by the LA Abrasion Test, ASTM Designation C131. 
	.4 The soundness loss shall be less than 13.0%, as determined by the magnesium sulphate soundness test for coarse aggregate, ASTM Designation C88. 
	.5 The railway ballast shall contain less than 25% by mass of flat pieces.  In case of dispute, the test method “Determination of Flakiness Index”, British Standard B12, shall be used. 
	.6 The minimum bulk specific gravity shall be 2.60, ASTM Designation C127. 
	.7 At least 60% of the railway ballast shall have two (2) or more fractured faces. 
	.8 Railway ballast shall conform to the following gradation in accordance with ASTM Designation C136 and C117:
	 


	3. EXECUTION 
	3.1 General 
	.1 The City of Winnipeg will be responsible for removing and re-installing the ties and rail.  At least two days notice shall be given to the GWWD (City of Winnipeg).  The Contractor shall notify the Contractor Administrator. 
	.2 The Contractor shall complete the excavating, culvert installation, and backfilling within a twenty four (24) hour period following removal of the ties and rail.   
	.3 The Contractor shall excavate to the lines and grades as specified by the Contract Administrator and install the culvert according to CW3170-R3. 
	.4 After proper placement and backfill of the culvert the Contractor shall rebuild the subgrade and sub-ballast structure to match the existing. 
	.5 The sub-ballast layer shall be a minimum of 300 mm in thickness.  The Contractor shall utilize a 50 mm down crushed limestone material meeting CW3110-R7.  It shall be placed and compacted according to CW3110-R7. 
	.6 The ballast material layer shall be a minimum of 300 mm in thickness.  The Contractor shall supply this material and place in a stockpile location as approved by the Contract Administrator.  The material will then be utilized by the GWWD when the ties and rails are re-installed. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Forms for all concrete and supporting falsework including design. 
	.2 Wood or steel forms for all cast-in-place concrete. 
	.3 Void forms between structural elements and soil below. 
	.4 Shoring, bracing, and anchorage. 
	.5 Form openings for other trades. 
	.6 Coordinate installation of concrete accessories. 
	.7 Set anchor bolts, anchors, sleeves, frames, and other items supplied by other trades. 
	.8 Clean erected formwork prior to concrete placement. 
	.9 Remove forms and supporting falsework. 
	.10 Design Standards NBC, Canadian Standards Association CAN/CSA-A23.1-00, CSA S269.1, CAN/CSA S269-3, ACI 347R, and applicable construction safety regulations. 
	.11 Design to be done by a Professional Engineer registered in the Province of Manitoba. 

	1.2 Quality Assurance 
	.1 Construct and erect concrete formwork in accordance with CAN/CSA-A23.1-00, CAN/CSA S269.3, ACI 347R, and all applicable construction safety regulations for the place of Work. 

	1.3 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Clearly indicate sizes, methods of construction, materials, arrangement of joints, ties and shores, location and size of falsework, schedule of erection and stripping, reshoring, etc. 
	.3 Shop Drawings and design briefs are to bear the seal of a Professional Engineer registered in the Province of Manitoba. 
	.4 Formwork, falsework, and reshoring shall be reviewed by the same Professional Engineer prior to each concrete pour.  The Professional Engineer shall submit a written report confirming that formwork, falsework, and reshoring are in accordance with the design. 

	2. PRODUCTS 
	2.1 Exposed Surfaces 
	.1 Square edged, smooth surfaced panels true in plane, free of holes, surface markings, or defects. 

	2.2 Unexposed Surfaces 
	.1 Square-edged T&G lumber, plywood or other material, suitable to retain concrete without leakage or distortion. 

	2.3 Wood Materials 
	.1 Plywood:  Douglas Fir, conforming to CSA O121 M solid one side, sheathing grade.  Sound undamaged sheets with clean true edges. 
	.2 Lumber:  conforming to CAN/CSA O141. 
	.3 Nails, Spikes and Staples:  galvanized; conforming to CSA B111. 

	2.4 Prefabricated Forms 
	.1 Steel Type:  minimum 1.6 mm steel thickness; well matched, tight fitting, and adequately stiffened to support weight of concrete without deflection detrimental to structural tolerances and appearance of finished concrete surface. 
	.2 Tubular Column Type:  round, spirally wound laminated fibre material, internally treated with release agent: sizes indicated on Drawings. 
	.3 Void Form:  moisture resistant treated paper faces, bio-degradable, structurally sufficient to support weight of wet concrete mix until initial set and construction loads.  Top of Void Form shall be protected with sheet material in accordance with Manufacturer’s and construction requirements.  Side protection for Void Form shall be one (1) layer 19 mm thick pressure treated plywood sheeting. 

	2.5 Accessories 
	.1 Form Ties:  removable snap-off metal type, fixed length, minimum working strength of 13 kN when assembled with minimum 25 mm deep plastic cone snap type or screw type on exposed surfaces.  Wire ties are not permitted.   
	.2 Form Release Agent:  colourless mineral oil which will not stain concrete or impair natural bonding or colour characteristics of coating intended for use on concrete. 
	.3 Corner or Chamfer Fillets:  mill finished pine, widths as indicated on the Drawings, maximum possible lengths, mitre ends. 
	.4 Reglets:  mill finished pine, shaped to required cross-section, maximum possible lengths, mitre ends. 
	.5 Vapour barrier:  0.15 mm clear polyethylene film, with self adhesive polyethylene or PVC tape for sealing joints.  Vapour barrier to CAN/CGSB-51.34. 
	.6 Sealing Tape:  reinforced, self-adhesive, waterproof kraft. 


	3. EXECUTION 
	3.1 Erection 
	.1 Verify lines, levels, and centres before proceeding with formwork.  Ensure dimensions agree with Drawings. 
	.2 Construct formwork and falsework to meet design and regulatory requirements, and to produce finished concrete conforming to surfaces, shapes, lines, and dimensions indicated on Drawings. 
	.3 Arrange and assemble formwork to permit removal without damage to concrete. 
	.4 Align joints and make watertight to prevent leakage of cement paste and disfiguration of concrete.  Keep form joints to a minimum.  Tape as necessary. 
	.5 Arrange forms to allow removal without removal of principal shores, where these are required to remain in place. 
	.6 Obtain Contract Administrator's acceptance before framing openings in concrete slabs, walls, beams, and columns not indicated on Drawings. 
	.7 Provide falsework to ensure stability of formwork.  Brace or strengthen all previously constructed parts liable to be overstressed by construction loads. 
	.8 Position form joints to suit any expressed lines required in exposed concrete. 
	.9 Provide chamfer on all internal and external corners and edges of exposed concrete unless shown otherwise. 
	.10 Form chases, slots, openings, drips, and recesses as detailed on Drawings. 
	.11 Set screeds with top edge level to required elevations. 
	.12 Check and readjust formwork to required lines and levels during placing of concrete. 
	.13 Coordinate location construction joints for walls, beams, and suspended slabs with the Contract Administrator prior to erecting formwork. 
	.14 Provide reveals or reglets on construction joints as shown on the Drawings. 

	3.2 Void Form 
	.1 Void forms shall be placed on prepared surfaces of levelling sand so that the top of the void forms present flat forming surfaces. 
	.2 Wrap tops and sides of void forms with vapour barrier. 
	.3 Install sheet material protection over top of void forms. 
	.4 Install side protection plywood around the perimeter of all void form to prevent backfill material from entering the void spaces. 

	3.3 Tolerance 
	.1 Construct formwork to produce concrete with dimensions, lines, and levels within tolerances specified in ACI 347R, Guide to Formwork for Concrete. 
	.2 Camber slabs and beams 6 mm per 3 m of span unless otherwise indicated on the Drawings.  Review method of providing camber with Contract Administrator prior to proceeding.  Maintain beam depth and slab thickness from cambered surface. 

	3.4 Inserts/Embedded Items/Openings 
	.1 Provide formed openings where required for pipes, conduits, sleeves, and other Work to be embedded in and passing through concrete members. 
	.2 Accurately locate and set in place items which are to be cast directly into concrete. 
	.3 Coordinate Work of other Sections and cooperate with trades involved in forming openings, slots, recesses, chases, and setting sleeves, bolts, anchors, and other inserts. 
	.4 Coordinate installation of concrete accessories specified in Section 03250 – Concrete Accessories. 
	.5 Provide temporary ports or openings in formwork where required to facilitate cleaning and construction review.  Locate openings at bottom of forms to allow flushing water to drain. 
	.6 Close temporary ports or openings with tight fitting panels, flush with inside face of forms, neatly fitted so no leakage occurs, and to provide uniform surface on exposed concrete. 

	3.5 Field Quality Control 
	.1 Inspect and check complete formwork, falsework, shoring, and bracing to ensure that Work is in accordance with formwork design, and that supports, fastenings, wedges, ties, and parts are secure.  Submit written report from Professional Engineer responsible for this work as specified in Clause 1.4 Shop Drawings. 
	.2 Inform Contract Administrator when formwork is complete and has been cleaned, to allow for review.  Contract Administrator’s review will be for verification that forms are clean and free from debris. 
	.3 Re-use of forms shall be subject to the requirements of CAN/CSA-A23.1-00. 

	3.6 Cleaning 
	.1 Clean formwork in accordance with CAN/CSA-A23.1-00. 
	.2 During cold weather, remove ice and snow from within forms.  Do not use de-icing salts.  Do not use water to clean out completed forms, unless formwork and concrete construction proceed within a heated enclosure.  Use compressed air or other means to remove foreign matter. 

	3.7 Formwork Preparation 
	.1 Apply form release agent in accordance with Manufacturer's recommendations, prior to placing reinforcing steel, anchoring devices, and embedded parts. 
	.2 Do not apply form release agent where concrete surfaces are to receive special finishes or applied coverings which are affected by agent.  Soak inside surfaces of untreated forms with clean water.  Keep surfaces moist prior to placing concrete. 

	3.8 Form Removal 
	.1 Notify Contract Administrator prior to removing formwork. 
	.2 Forms shall remain in place a minimum of two (2) days and the concrete shall have attained 75% of design strength verified by field cured test cylinders. 
	.3 Clause 3.8.2 notwithstanding, do not remove forms and falsework until concrete has gained sufficient strength to carry its own weight, plus construction and design loads which are liable to be imposed.  Verify strength of concrete by compression tests to satisfaction of Contract Administrator. 
	.4 Remove falsework progressively, in accordance with regulatory requirements and ensure that no shock loads or imbalanced loads are imposed on structure. 
	.5 Loosen forms carefully without damaging concrete surfaces.  Do not apply tools to exposed concrete surfaces. 
	.6 If forms are left loosely in place for protection until curing requirements are complete, ensure all concrete surfaces are kept continuously moist.  Otherwise remove forms and start moist cure immediately; curing with curing compound may be an option subject to review by the Contract Administrator on a case by case basis. 

	3.9 Reshoring 
	.1 If reshoring is required, prepare and submit a schedule to Contract Administrator for review. 
	.2 Reshore structural members where required due to design requirements or construction conditions under the direction of the Professional Engineer responsible for this Work. 
	.3 Install reshoring as required to permit progressive construction. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Reinforcing steel bars for cast-in-place concrete complete with tie wire. 
	.2 Support chairs, bolsters, bar supports, and spacers for reinforcing. 

	1.2 Quality Assurance 
	.1 Perform concrete reinforcing Work in accordance with Canadian Standards Association CAN/CSA-A23.1-00. 

	1.3 Inspection and Testing 
	.1 If requested by Contract Administrator, submit three (3) certified copies of mill test report of reinforcement supplied, indicating physical and chemical analysis. 

	1.4 Shop Drawings 
	.1 Submit bar lists and placing drawings in accordance with Section 01300 – Submittals. 
	.2 Clearly indicate bar sizes, spacings, locations, and quantities of reinforcing steel and wire fabric, bending and cutting schedules, and supporting and spacing devices. 
	.3 Drawings and details to conform to CAN/CSA-A23.1-00, CAN/CSA-A23.3, and RSIC Reinforcing Steel Manual of Standard Practice. 
	.4 Detail placement of reinforcing where special conditions occur. 
	.5 Detail lap lengths and bar development lengths to CAN/CSA-A23.1-00, unless otherwise shown on the Drawings. 

	1.5 Delivery and Storage 
	.1 Deliver, handle, and store reinforcement in a manner to prevent damage and contamination. 
	.2 Deliver bars in bundles, clearly identified in relation to bar lists. 

	2. PRODUCTS 
	2.1 Reinforcing Materials 
	.1 Reinforcing Steel:  minimum 400 MPa yield grade; deformed billet steel bars conforming to CAN/CSA-G30.18; plain finish. 
	.2 Welded Steel Wire Fabric:  plain type, conforming to ASTM A185; flat sheets; plain finish. 
	.3 Stainless Steel Bars:  ASTM Type 316. 

	2.2 Accessory Materials 
	.1 Tie Wire:  minimum 1.6 mm annealed type, or patented system accepted by Contract Administrator. 
	.2 Chairs, Bolsters, Bar Supports, Spacers:  adequately sized for strength and support of reinforcing steel during construction. 
	.3 Bar Chairs:  to be non-corrosive PVC chairs or concrete chairs purpose made.  Steel bar chairs, galvanized bar chairs, concrete bricks, broken concrete blocks, stones, or wood supports are not acceptable. 
	.4 Side form spacers to be non-corrosive PVC spacers, purpose made.  PVC chairs, steel bar chairs, galvanized bar chairs, concrete bricks, broken concrete blocks, or wood supports are not acceptable. 


	3. EXECUTION 
	3.1 Fabrication 
	.1 Fabricate reinforcing steel in accordance with CAN/CSA-A23.1-00 and Drawings. 
	.2 Locate reinforcing splices not indicated on Drawings at points of minimum stress. 
	.3 Fabricate within the following tolerances: 
	.1 Sheared length:  + 0, - 25 mm 
	.2 Stirrups, ties, and spirals:  +0, -10 mm 
	.3 Other bends:  + 0, - 25 mm 

	.4 All bending shall be done cold with a suitable machine accurately producing all lengths, depths, and radii shown on the bending details. 
	.5 After initial fabrication, reinforcing steel shall not be rebent or straightened unless so indicated on the Drawings. 
	.6 Heating of reinforcing steel will not be permitted. 

	3.2 Installation 
	.1 Place reinforcing steel in accordance with reviewed placing drawings and CAN/CSA A23.1 00.  Chair slab reinforcing not further apart than 1.2 m in either direction.  Tie reinforcing steel at maximum spacing 600 mm. 
	.2 Adequately support reinforcing and secure against displacement within tolerances permitted. 
	.3 Place reinforcing steel to provide concrete cover required by CAN/CSA A23.1-00, but not less than shown below or noted otherwise on the Drawings: 
	.1 Beam stirrups: 40 mm unless noted otherwise; main steel: 50 mm. 
	.2 Slabs (top and bottom): 50 mm. 
	.3 Column ties: 40 mm; main steel: 50 mm. 
	.4 Walls: 50 mm unless noted otherwise. 
	.5 Concrete formed against earth (including bottom of slab on grade): 75 mm. 

	.4 Maintain alignment as follows: 
	.1 Slabs:  ±5 mm. 
	.2 Other structural members:  ±10 mm. 
	.3 Rebar bends and ends:  ±50 mm. 

	.5 Do not disturb or damage polyethylene film or void form while placing reinforcing steel. 
	.6 Install purpose made highly visible protective safety caps on all exposed projecting bar ends. 

	3.3 Cleaning 
	.1 Ensure concrete reinforcing is clean and free from oil and deleterious matter. 
	.2 Remove all loose scale, loose rust, concrete from prior pours, and other deleterious matter from surfaces of reinforcing. 
	.3 Remove concrete splatter on bars before concrete has hardened. 
	END OF SECTION 
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	1. GENERAL 
	1.1 Work Included 
	.1 Joint Sealants 
	.2 Joint Filler 
	.3 Water Stop 
	.4 Non-ferrous Grout 
	.5 Latex Patching Agent 
	.6 Bonding Agent 
	.7 Curing Compound 
	.8 Fasteners 

	1.2 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Submit product information for all materials for review to be incorporated into the Work. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Joint Sealants: 
	.1 Joint sealants: non-staining, non-sagging, grey two-part polysulphide liquid polymer base or a two-part polyurethane base such as Sikaflex 2c NS/SL or Vulkem 245 for horizontal and vertical joints with compatible primer as per sealant manufacturer’s requirements. 
	.2 Interior Control Joint Sealant:  catalyst cured epoxy rubber, Sika Loadflex, Sealtight Bondflex, Concrete Chemicals 903B Flexible Sealant, Allied Coatings AC-1210 Flexible Epoxy Sealant. 
	.3 Use compatible primer as per sealant Manufacturer’s requirements. 

	.2 Joint Filler: 
	.1 Vinyl foam: (for joints to receive sealant):  closed cell vinyl foam, sizes indicated on drawings, 90%+ recovery after 50% compression, 380 kPa pressure for 50% compression, Sika Rodofoam GR, CPD Cell Foam Joint Filler, Sealtight Ceramar Expansion Joint Filler. 
	.2 Pre-moulded expansion joint filler (for joints associated with slabs on grade such as pads at doors): asphalt impregnated vegetable or cane fibreboard, conforming to ASTM D1751, sizes indicated on Drawings, such as W. R. Meadows Sealtight Fibre Expansion Joint. 

	.3 Waterstop: 
	.1 Expansive Waterstop:  SikaSwell S Sealant by Sika and CS-231 Controlled Expansion Waterstop by ConSeal Concrete Sealants. 
	.2 PVC Waterstop:  Paul Murphy Wirestop CR-6380 or Greenstreak 679.  All flat and vertical PVC waterstop tees, crosses, and L’s shall be factory made and tested. 

	.4 Non-ferrous Grout:  pre-mixed, non-shrink, Master Builders 713, Sika M-Bed, CPD Non Shrink Grout, Steel C1 Grout, Grace In-Pakt Grout, minimum 35 MPa compressive strength. 
	.5 Latex Bonding Agent:  Acrl Stix, Daraweld-C Latex Bonding Agent. 
	.6 Epoxy Bonding Agent:  Master Builders Concresive 1001 LPL, Dural Duralbond, Sikadur 32 HI-bond. 
	.7 Repair Mortar:  Meadow-Crete H by W.R. Meadows. 
	.8 Moisture Retention Film:  Master Builders Confilm. 
	.9 Fasteners:  fasteners (all nuts, bolts, washers, screws, etc.) stainless steel for all aluminum items, conforming to ASTM 304 or 316, sizes and locations as required by item Manufacturer. 


	3. EXECUTION 
	3.1 Installation 
	.1 Coordinate Work of this Section with other construction. 
	.2 Install all concrete accessories in accordance with Drawings and Manufacturer's recommendations and ensure compatibility.  Install straight, level, and plumb. 
	.3 Ensure items are not disturbed during concrete placement. 
	.4 Concrete slabs shall be moist cured as per Section 03300 – Cast-In-Place Concrete.  Curing and sealing compounds may be used for curing purposes of all other concrete where practical or compatible with finishes.   
	.5 Joint sealant shall be applied per Manufacturer’s instructions.  If joint surfaces are damp, dry the surfaces and apply primer as recommended by Manufacturer.  Apply polyethylene debonding tape as indicated on the Drawings. 
	.6 PVC Waterstop 
	.1 Install PVC waterstop in all joints in a continuous and inter-connected manner. 
	.2 All waterstop joints other than straight butt joints shall be factory fabricated and tested by the waterstop Manufacturer.  All field splices to be heat-fused and tested for complete seals by use of a corona discharge unit, costs for testing to paid for by Contractor. 
	.3 Install waterstop continuous without displacing reinforcement.  Butt weld splices to Manufacturer’s directions. 
	.4 Take particular care to correctly position the waterstop during installation.  Tie the waterstop adequately for support in accordance with manufacturer’s instructions, but at maximum 300 mm spacing to ensure proper embedment symmetrical about the joint and to prevent displacement during concrete placement.  Fully compact the concrete in the region of the waterstop during the placing of the concrete. 
	.5 Do not place concrete until waterstop has been reviewed by the Contract Administrator. 

	.7 Expansive Waterstop 
	.1 Apply expansive waterstop where specifically indicated on the Drawings or as directed by the Contract Administrator. 
	.2 Prepare surfaces and apply beads sized to manufacturer’s instructions. 
	.3 Protect expansive waterstop from contact with water prior to concrete placement.  Replace waterstop if it has come in contact with water and has begun to absorb water. 

	.8 Joint filler shall be installed per Manufacturer’s instructions in expansion joints as indicated on Drawings. 
	.9 Epoxy bonding agent is to be used to bond new concrete to existing concrete surfaces. 
	.10 Latex patching agent is to be used for patching formed concrete surfaces where required. 
	.11 Repair Grout 
	.1 Apply repair grout where existing concrete is to be removed as indicated on the Drawings or as directed by the Contract Administrator. 
	.2 Prepare surfaces and apply repair mortar to Manufacturer’s instructions.  Use pea gravel to extend the mixture in accordance with the Manufacturer’s instructions 
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	1. GENERAL 
	1.1 Work Included 
	.1 All reinforced cast-in-place concrete shown on the Drawings. 
	.2 Setting anchors, inserts, frames, sleeves, and other items supplied by other Sections. 
	.3 Repairing concrete imperfections. 
	.4 Finishing formed concrete surfaces. 
	.5 Finishing slab surfaces. 
	.6 Concrete curing. 

	1.2 Quality Assurance 
	.1 Cast-in-place concrete shall conform to the CAN/CSA-A23.1-00. 
	.2 Testing shall conform to CAN/CSA-A23.2-00. 
	.3 These standards shall be available in the Contractor’s Site office for reference by the Contractor, sub-trades, and Contract Administrator. 
	.4 A Concrete Review Report will be completed with each concrete pour.  Each Concrete Review Report shall be signed by the Contractor and Contract Administrator. 

	1.3 Qualification 
	.1 Concrete flatwork finishing is to be done by an established firm having at least five (5) years of proven, satisfactory experience in this trade and employing skilled personnel. 
	.2 Submit proof of qualifications in writing to the Contract Administrator. 

	1.4 Inspection and Testing 
	.1 Notify the Contract Administrator at least forty eight (48) hours before complete formwork and concrete reinforcement is ready for review.  Reinforcing in walls shall be reviewed prior to closing forms. 
	.2 Allow ample time for notification, review, and corrective Work, if required, before scheduling concrete placement. 
	.3 Concrete sampling, inspection, and testing is to be performed by a CSA certified inspection and testing firm appointed and paid for by the City. 
	.4 Provide unencumbered access to all portions of Work and cooperate with appointed firm. 
	.5 Submit proposed mix design of each class of concrete to the Contract Administrator for review ten (10) Business Days prior to commencement of the Work. 
	.6 Tests of cement and aggregates may be performed to ensure conformance with requirements stated herein. 
	.7 At least three (3) concrete test cylinders will be taken for every 75 m3 or less of each class of concrete placed. 
	.8 At least three (3) test cylinders will be taken daily for each class of concrete placed. 
	.9 One (1) slump test and one (1) air content test will be taken for each set of test cylinders taken. 
	.10 Additional slump and air content tests may be taken as necessary (up to every truck) to verify quality of concrete at the discretion of the Contract Administrator. 
	.11 Testing of concrete will be performed in accordance with CAN/CSA-A23.2-00.  Test results will be issued to the Contractor, the Contract Administrator, and the City. 
	.12 The Contractor shall pay costs for required retesting due to defective materials or workmanship. 
	.13 If accepted by the Contract Administrator, the Contractor may arrange and pay for additional tests for use as evidence to expedite construction. 
	.14 To conform to the strength requirements, the average of all tests shall exceed the specified strength.  When three (3) or more tests of the same class of concrete are available, the average of any three (3) consecutive tests shall be equal to, or greater than the specified strength, and no strength test shall fall more than 3.5 MPa below the specified strength.  If any of the criteria of the foregoing are not met, the Contract Administrator shall have the right to require one or more of the following: 
	.1 Changes in mix proportions for the remainder of the Work. 
	.2 Cores drilled and tested from the areas in question as directed by the Contract Administrator and in accordance with CAN/CSA-A23.2-00.  The test results shall be indicative of the strength of the in-place concrete. 
	.3 Full scale load testing of the structural elements. 
	.4 The changes in the mix proportions, cores drilled and tested, and load testing shall be at the Contractor's expense. 
	.5 Concrete failing to meet the strength requirements shall be strengthened or replaced at the Contractor's expense and to the satisfaction of the Contract Administrator. 


	2. PRODUCTS 
	2.1 Concrete Materials 
	.1 Cement:  Normal Type 10 Portland Cement conforming to CSA-A3000. 
	.2 Fine Aggregate:  conforming to Normal-Density Fine Aggregate, CAN/CSA-23.1-00.  If requested by the Contract Administrator, submit evidence at least two (2) weeks before use in concrete mix showing conformance to Normal-Density Fine Aggregate, CAN/CSA A23.1 00, Table 4 and Table 6. 
	.3 Coarse Aggregate:  conforming to Normal-Density Coarse Aggregate, CAN/CSA-23.1-00, Group I, 40 to 5 mm, 20 to 5 mm, and 10 to 2.5 mm.  If requested by the Contract Administrator, submit evidence at least two (2) weeks before use in concrete mix showing conformance to Normal-Density Coarse Aggregate, CAN/CSA-A23.1-00, Table 5 and Table 6.  Group II may be used for special requirements such as gap grading, pumping, or for blending two (2) or more sizes to produce Group I gradings. 
	.4 Ensure that no aggregates are used that may undergo volume change due to alkali reactivity, moisture retention, or other causes.  Confirm suitability of aggregate with a petrographic analysis report if requested by the Contract Administrator. 
	.5 Water:  potable, clean, and free from injurious amounts of oil, alkali, organic matter, or other deleterious matter. 
	.6 Materials are to be obtained from the same source of supply or Manufacturer for the duration of the Work. 
	.7 Pozzolans:  Type C fly ash, conforming to CSA-A23.5, source of material to be acceptable to the Contract Administrator. 

	2.2 Admixtures 
	.1 No admixtures other than air-entraining agent, water-reducing agent, and superplasticizer shall be used without the written authorization of the Contract Administrator, unless specified. 
	.2 Air entrainment:  conforming to Standard C260. 
	.3 Water-reducing agent:  Type WN conforming to ASTM Standard C494. 
	.4 Superplacticizer:  conforming to ASTM Standard C494. 
	.5 General Chemical Admixtures:  conforming to ASTM Standard C494. 
	.6 Calcium chloride or admixtures containing calcium chloride shall not be used in concrete. 

	2.3 Accessories 
	.1 Curing Sealer:  conforming to ASTM C309. 
	.2 Moisture Retention Film:  Master Builders Confilm. 

	2.4 Concrete Mixes 
	.1 Pay all costs for mix design. 
	.2 Provide concrete mixed in accordance with requirements of CAN/CSA-A23.1-00 and as indicated on the Drawings.  The Drawing requirements shall govern where there is a difference between the Drawings and CAN/CSA-A23.1-00, Tables 6 to 10 requirements. 
	.3 Maximum allowable substitution of cement with fly ash material shall be 20% by weight when acceptable to the Contract Administrator. 
	.4 Use accelerating admixtures in cold weather only when accepted by the Contract Administrator.  If accepted, the use of admixtures will not relax cold weather placement requirements.  Do not use calcium chloride. 
	.5 Use set-retarding admixtures during hot weather only when accepted by the Contract Administrator. 
	.6 All admixtures must be compatible within the mix.  Concrete with freezing and thawing exposure must satisfy the durability requirements of CAN/CSA-A23.1-00, Sections 14 and 15. 
	.7 All admixtures are subject to acceptance by the Contract Administrator.  List all proposed admixtures in mix design submission.  Do not change or add admixtures to accepted design mixes without the Contract Administrator's review and acceptance. 
	.8 The water:cementing ratio must be calculated and shown based on all available mixing water excluding aggregate absorption. 
	.9 Concrete delivered to Site must be accompanied by a delivery slip indicating time of completion of mixing, design strength of concrete, air content, and actual water-cement ratio. 
	.10 Patching Mortar: 
	.1 The patching mortar shall be made of the same material and of approximately the same proportions as used for the concrete, except that the coarse aggregate shall be omitted and the mortar shall consist of not more than 1 part cement to 21/2 parts sand by damp loose volume. 
	.2 White Portland cement shall be substituted for a part of the grey Portland cement on exposed concrete in order to produce a colour matching the colour of the surrounding concrete, as determined by trial patches. 
	.3 The quantity of mixing water shall be no more than necessary for handling or placing.  Mixing water shall include 1 part latex bonding agent to 3 parts water.  Maximum water to cement ratio shall be 0.40. 

	.11 Self-compacting concrete mixes will not be permitted for use on this Work. 


	3. EXECUTION 
	3.1 Placing Concrete 
	.1 Place concrete in accordance with requirements of CAN/CSA A23.1-00 and as indicated on the Drawings.  Layout of the Work and accuracy of same is the Contractor's sole responsibility. 
	.2 Notify the Contract Administrator a minimum of twenty four (24) hours prior to pouring concrete.  Under no circumstances shall concrete be poured without notifying Contract Administrator, or in his absence, arranging for review of the Work and sampling of concrete. 
	.3 The concrete shall be placed rapidly and evenly as near to its final position as possible to reduce the risk of segregation, flowlines, and cold joints.  Concrete shall be placed within 1.5 hours of mixing. 
	.4 Ensure all anchor bolts, seats, plates, and other items to be cast into concrete are securely placed and will not interfere with concrete placement. 
	.5 All equipment for transporting the concrete shall be cleaned of hardened concrete and foreign materials before placing concrete. 
	.6 Immediately before concrete is placed, Contractor shall carefully inspect all forms to ensure that they are properly placed, sufficiently rigid and tight, and that all reinforcing steel and embedded parts are in the correct position and secured against movement during the placing operation.  All forms shall be thoroughly cleaned and material removed. 
	.7 Concrete shall be handled from the mixer to the place of final deposit as rapidly as practicable by methods that will prevent the separation or loss of the ingredients.  Concrete shall be deposited in the forms as nearly as practicable in its final position to avoid re handling or flowing.  Vibrators shall not be used to move concrete.  Under no circumstances shall the concrete, which has partially hardened, be deposited in the forms. 
	.8 Concrete shall be thoroughly compacted by mechanical vibrators during placing operations.  Concrete shall be thoroughly worked around the reinforcement, embedded fixtures, and into the corners of the forms. 
	.9 Vibrate concrete using the appropriate size equipment as placing proceeds, in accordance with CAN/CSA-A23.1-00.  Check frequency and amplitude of vibrations prior to use.  Provide additional standby vibrators in the event of equipment failure. 
	.10 Prepare set or existing concrete by removing all laitance and loose or unsound materials and apply bonding agent in accordance with Manufacturer’s recommendations. 
	.11 Where placing operations would involve dropping the concrete more than 1.5 m, it shall be placed through canvas hoses or galvanized iron chutes.  Concrete shall not be raised at a rate greater than that for which proper vibration may be affected. 
	.12 In locations where new concrete is dowelled to existing concrete, drill holes in existing concrete, thoroughly clean the holes, place non-shrink grout in holes, and insert steel dowels so that grout is packed solidly for full depth around the dowels. 
	.13 A minimum of three (3) calendar days shall elapse between adjacent pours separated by construction joints or expansion joints. 
	.14 Do not place concrete if carbon dioxide producing equipment has been in operation in the building or in the enclosure during the twelve (12) hours preceding the pour.  This equipment shall not be used during placing or for twenty four (24) hours after placing.  During placing and curing concrete, surfaces shall be protected by formwork or an impermeable membrane from direct exposure to carbon dioxide, combustion gases, or drying from heaters. 
	.15 Honeycomb or embedded debris is not acceptable. 
	.16 Remove and replace defective concrete. 
	.17 Maintain accurate records of cast-in-place concrete items.  Record date, location of pour, quantity, air temperature, and test samples taken. 

	3.2 Cold Weather Concreting 
	.1 The requirements of this section shall be applied to all concreting operations during cold weather, i.e., if the mean daily temperature falls below 5°C during placing or curing. 
	.2 Supplementary equipment as required below shall be at the Site if concrete is likely to be placed in cold weather. 
	.3 Formwork and reinforcing steel shall be heated to at least 5°C before concrete is placed. 
	.4 The temperature of the concrete shall be maintained at not less than 10°C for seven (7) calendar days.  The concrete shall be kept above freezing temperature for at least a period of seven (7) calendar days.  In no case, shall the heating be removed until the concrete has reached a minimum compressive strength which will be specified by the Contract Administrator as determined from compressive strength tests on specimens cured under the same conditions as the concrete work in question. 
	.5 Aggregates shall be heated to a temperature of not less that 20°C and not more than 65°C.  Water shall be heated to a temperature between 55°C and 65°C.  The temperature of the concrete at the time of placing in the forms shall be within the range specified in CAN/CSA A23.1-00 for the thickness of the section being placed. 
	.6 When the mean daily temperature may fall below 5°C, a complete housing of the Work, complete with heaters, fuel, maintenance, and attendants, shall be provided. 
	.7 Combustion-type heaters may be used if their exhaust gases are vented outside the enclosures and not allowed to come into contact with concrete surfaces.  Fire extinguishers must be readily at hand wherever combustion-type heaters are used. 
	.8 When the ambient temperature is below -15°C, the housing shall be constructed so as to allow the concrete to be placed without the housing having to be opened.  If the mixing is done outside of the housing, the concrete shall be placed by means of hoppers installed through the housing.  The hoppers are to be plugged when not in use. 
	.9 When the ambient temperature is equal to or above -15°C, the Contractor will be permitted to open small portions of the housing for a limited time to facilitate the placing of the concrete. 
	.10 Before depositing any of the concrete, the Contractor shall show that enough heating equipment is available to keep the air temperature surrounding the forms within the specified range.  This shall be accomplished by bringing the temperature inside of the housing to the specified 10°C at least twelve (12) hours prior to the start of the concrete placing. 
	.11 The Contractor shall supply all required heating apparatuses and the necessary fuel.  When dry heat is used, a means of maintaining atmospheric moisture shall be provided. 
	.12 Sufficient standby heating equipment must be available to allow for any sudden drop in outside temperatures and any breakdowns that may occur in the equipment. 
	.13 The Contractor shall keep a curing record of each concrete pour.  The curing record shall include date and location of the pour, mean daily temperature, temperatures above and below the concrete within the enclosures, temperatures of the concrete surface at several points, and notes regarding the type of heating, enclosure, unusual weather conditions, etc.  This record shall be available for review by the Contract Administrator at all times, and shall be turned over to the Contract Administrator at the end of the concreting operations. 

	3.3 Hot Weather Concreting 
	.1 General 
	.1 The requirements of this Clause shall be applied during hot weather, i.e., when air temperatures are above 25°C during placing. 
	.2 Concrete shall be placed at as low a temperature as possible, preferably below 15°C, but not above 27°C.  Aggregate stockpiles may be cooled by water sprays and sun shades. 
	.3 Ice may be substituted for a portion of the mixing water provided the ice has melted by the time mixing is completed. 
	.4 Forms and conveying equipment shall be kept as cool as possible before concreting by shading them from the sun, painting their surfaces white, and/or the use of water sprays. 
	.5 Sun shades and wind breaks shall be used as required during placing and finishing. 
	.6 Work shall be planned so that concrete can be placed as quickly as possible to avoid “cold joints”. 
	.7 The Contract Administrator’s acceptance is necessary before the Contractor may use admixtures such as retardants to delay setting, or water-reducing agents to maintain workability and strength, and these are to be included in the mix designs submitted to the Contract Administrator. 
	.8 Curing shall follow immediately after the finishing operation. 

	.2 Hot-Weather Curing 
	.1 When the air temperature is at or above 25°C, curing shall be accomplished by water or by using saturated absorptive fabric, in order to achieve cooling by evaporation.  Mass concrete shall be water cured for the basic curing period when the air temperature is at or above 20°C, in order to minimize the temperature rise of the concrete. 

	.3 Job Preparation 
	.1 When the air temperature is at or above 25°C, or when there is the probability of its rising to 25°C during the placing period, facilities shall be provided for protection of the concrete in place from the effects of hot and/or drying weather conditions.  Under severe drying conditions, as defined under “Severe Drying Conditions” below, the formwork, reinforcement, and concreting equipment shall be protected from the direct rays of the sun or cooled by fogging and evaporation. 

	.4 Concrete Temperature 
	.1 The temperature of the concrete as placed shall be as low as practicable and in no case greater than that shown below for the indicated size of the concrete section. 

	.5 Protection from Drying 
	.1 Moderate Drying Conditions 
	.1 When surface moisture evaporation exceeds 0.75 kg/m2/hour, windbreaks shall be erected around the sides of the structural element. 

	.2 Severe Drying Conditions 
	.1 When surface moisture evaporation exceeds 1.0 kg/m2/hour, additional measures shall be taken to prevent rapid loss of moisture from the surface of the concrete.  Such additional measures shall consist of the following: 
	.1 Erecting sunshades over the concrete during finishing and placing operations. 
	.2 Lowering the concrete temperature. 
	.3 Placing concrete at cooler part of the day when there is little or no direct sunlight. 
	.4 Increasing humidity by applying fog spray immediately after placement and before finishing. 
	.5 Care shall be taken to prevent accumulation of water that may reduce the quality of the cement paste. 
	.6 Beginning the concrete curing immediately after trowelling.  Under certain conditions moisture retention film may be used. 


	.3 Surface Moisture Evaporation Rate 
	.1 The monograph, Figure D1, Appendix D of CAN/CSA-A23.1-00 shall be used to estimate surface moisture evaporation rates. 



	3.4 Concrete Protection for Reinforcement 
	.1 Ensure reinforcement is placed to provide minimum concrete cover in accordance with Section 03200 – Concrete Reinforcement. 

	3.5 Construction Tolerance 
	.1 The Work shall be carefully and accurately set out; true to the positioning, levels, slopes, and dimensions shown on the Drawings and conforming to Sections 03100 – Concrete Formwork and 03200 – Concrete Reinforcement. 
	.1 Sizes of Member or Thickness of Slabs:  +6 mm, - 0 mm. 
	.2 Cover of Concrete over Reinforcement:  (3 mm. 
	.3 Variations from Plumb:  6 mm in 3 m, 10 mm maximum. 
	.4 Variations from Flat:  3 mm in 3 m, 6 mm maximum. 

	.2 If these tolerances are exceeded, the Contractor may, at the discretion of the Contract Administrator, be required to remove and replace or to modify the placed concrete before acceptance.  The costs incurred by the Contract Administrator for such investigation, testing, or review of reconstruction and the cost of reconstruction shall be borne by the Contractor. 

	3.6 Finishing Slab Surfaces 
	.1 Finish all slab surfaces conforming to CAN/CSA-A23.1-00, Clause 22 and as specified below. 
	.2 Bull Floating: 
	.1 Flatness for suspended concrete slabs to be achieved by means of hiway straight edge (minimum 3 m width) in lieu of standard bull float.  Immediately after screeding, bull float slab surfaces to remove ridges and fill voids. 
	.2 Complete bull floating before any excess moisture or bleed water is visible on surface. 

	.3 Mechanical Floating: 
	.1 Mechanical float slab surfaces when bleed water has disappeared and surfaces are sufficiently hard to prevent working excess mortar to surface. 
	.2 Continue floating as necessary to produce surfaces of uniform texture, free from hollows, bumps, and screed marks. 
	.3 For surfaces to be trowelled, continue floating as necessary to embed coarse aggregate particles firmly below surface mortar. 
	.4 Hand float in corners, restricted areas, and around cast-in items. 

	.4 Trowelling: 
	.1 Trowel floor surfaces with mechanical trowelling machines fitted with steel blades. 
	.2 Commence trowelling when surfaces are sufficiently hard to prevent working excess fine material to surface. 
	.3 Perform additional trowelling at intervals so final trowelling is done just before concrete becomes so hard that further trowelling is ineffective. 
	.4 Finish trowelled surfaces to be hard, dense, and free from blemishes and other imperfections. 
	.5 Hand trowel in corners, restricted areas, and around cast-in items. 
	.6 Cure concrete as specified. 
	.7 Protect all slabs from damage during construction. 


	3.7 Curing and Protection 
	.1 Cure and protect freshly placed concrete in accordance with Clause 21 of CAN/CSA A23.1 00. 
	.2 All concrete shall receive moist curing for a period of at least seven (7) calendar days.  One of the following methods shall be used as soon as the concrete has hardened sufficiently to prevent marring: 
	.1 Surface covered with canvas or other satisfactory material and kept thoroughly and continuously wet with soaker hoses. 
	.2 A liquid membrane forming curing sealer, applied at the rate recommended by the Manufacturer.  Curing sealer shall not be used on a surface where bond is required for the finishes. 
	.3 Surfaces of concrete, which are protected by formwork that is left in place for seven (7) calendar days, shall not require any additional curing (except as specified for hot weather).  If the formwork is removed in less than seven (7) calendar days, the concrete shall receive moist curing as above. 

	.3 No concreting will be allowed until all materials required for the curing phase are on Site and ready for use. 
	.4 At the end of the curing and protection period, the temperature of the concrete shall be reduced gradually at a rate not exceeding 10°C per day until the outside air temperature has been reached. 
	.5 Concrete that is allowed to freeze or attain insufficient curing conditions shall be subject to all necessary investigations and testing as deemed necessary by the Contract Administrator and all such concrete shall be removed and the portion reconstructed as directed by the Contract Administrator, at Contractor’s cost. 
	.6 The supply (both quantity and time of supply) of water for curing concrete shall be subject to control of the City and prior arrangements shall be made by the Contractor with the City for its supply.  The Contractor shall be responsible for, at his own cost, to supply, install, maintain, and move extensions to water services as required for conveying water to the work Site.  Water required for curing concrete will be supplied by the City, from the DBPS. 

	3.8 Formed Concrete 
	.1 Allow the Contract Administrator to review concrete surfaces immediately upon removal of the forms. 
	.2 Modify or replace concrete not conforming to qualities, lines, details, and elevations specified herein or indicated on the Drawings to the acceptance of the Contract Administrator. 

	3.9 Finishing Formed Surfaces 
	.1 Interior formed concrete surfaces. 
	.1 Finish surfaces exposed to view to Smooth-Form Finish conforming to CAN/CSA A23.1-00, Clause 24.3.6. 
	.2 Finish non-exposed surfaces to Rough-Formed Finish conforming to CAN/CSA A23.1 00, Clause 24.3.5. 

	.2 Exterior formed concrete surfaces. 
	.1 Surfaces to receive vapour barrier, insulation, waterproofing material, or roofing material are to be finished to Smooth-Formed Finish conforming to CAN/CSA A23.1 00, Clause 24.3.6. 
	.2 Other surfaces to be finished to Rough-Formed Finish conforming to CAN/CSA A23.1 00, Clause 24.3.5. 


	3.10 Equipment Pads and Cast in Metal Frames 
	.1 Supply and install concrete pads and supports for equipment where and as required or indicated on Drawings.  Adjust dimensions to reviewed equipment Shop Drawings. 
	.2 Place dowels in slabs as shown on the Drawings and roughen and clean the slab surfaces prior to placing concrete for the pads. 
	.3 Insert bolts and sleeves and pack solidly with non-shrink grout, in accordance with setting details and templates. 
	.4 Steel trowel surface smooth.  Chamfer exposed horizontal and vertical edges. 
	.5 Clean excess concrete from metal frames, inserts, weld plates, etc.  Clean and tool concrete around the above noted items. 

	3.11 Grouting 
	.1 Grout all miscellaneous anchor bolts with non-ferrous or epoxy grout as specified using templates for accurate positioning. 
	.2 Grout under base plates and other items to provide continuous support over the entire contact area as required or as shown on the Drawings. 

	3.12 Defective Concrete 
	.1 Concrete not meeting the requirements of the Specifications and Drawings will be considered defective concrete. 
	.2 Concrete not conforming to the lines, details, and grades specified herein or as shown on the Drawings shall be modified or replaced at the Contractor's expense and to the satisfaction of the Contract Administrator.  Finished lines, dimensions, and surfaces shall be correct and true within tolerances specified herein and in Section 03100 – Concrete Formwork. 
	.3 Concrete not properly placed resulting in honeycombing and other defects shall be repaired or replaced at the Contractor's expense and to the satisfaction of the Contract Administrator. 

	3.13 Patching 
	.1 Allow Contract Administrator to review concrete surfaces immediately upon removal of all formwork. 
	.2 Remove all exposed metal form ties, nails and wires, break off fins, and remove all loose concrete. 
	.3 Any imperfect joints, voids, stone pockets, or other defective areas and tie holes, as specified, shall at once be patched before the concrete is thoroughly dry.  Defective areas shall be chipped away to a depth of not less than 40 mm with the edges perpendicular to the surface.  The area to be patched and a space at least 150 mm wide entirely surrounding it shall be wetted to prevent absorption of water from the patching mortar. 
	.4 Cure all patches thoroughly in accordance to Manufacturer’s instructions. 

	3.14 Construction Joints 
	.1 Construction joint locations shall be as shown on the Drawings. 
	.2 Joints not indicated on the Drawings shall be located so as to least impair the strength of the structure.  The location of these joints shall be subject to prior review and acceptance by the Contract Administrator.  Joints shall be in accordance with CAN/CSA-A23.1-00, or as indicated on the Drawings. 
	.3 The surface of hardened concrete shall be thoroughly cleaned of foreign matter and laitance by sand blasting, and shall be thoroughly wetted with water, but not saturated, and the forms shall be re-tightened against the face of the hardened concrete before depositing additional concrete.  Any concrete splatter on reinforcing bars shall be removed by sand blasting. 
	.4 For horizontal construction joints, the concrete shall be thoroughly compacted by hand trowel in and around the reinforcing bars and along the PVC waterstops. 

	3.15 Clean-Up 
	.1 As Work progresses and at the completion of Work, remove from Site all debris, excess materials, and equipment. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and installation of hollow core deck slabs. 
	.2 Supply loose connecting and supporting devices. 
	.3 Sealant and back-up materials. 
	.4 Provide formed or cut openings for other sections. 
	.5 Grouting of all connecting pockets. 
	.6 Final cleaning. 

	1.2 Design Requirements 
	.1 Design of precast concrete members and connections to conform to CSA A23.4 and PCI Design Handbook, under direct supervision of a registered Professional Engineer, fully experienced in design of precast concrete structural units. 
	.2 Design all members, connections, and embedded parts to safely support their own weight and all forces and loads to which they may be subjected. 
	.3 Design connections to provide for building movement.  Provide adjustable connections to accommodate misalignment of structure. 
	.4 Design roof deck for a maximum live load deflection of 1/240th of the span unless noted otherwise. 
	.5 Design openings indicated on the architectural, mechanical, electrical, and equipment Drawings. 

	1.3 Quality Assurance 
	.1 Fabricate and install precast concrete deck in accordance with requirements of CSA A23.4. 
	.2 Maximum allowable manufacturing and erection tolerances are not to exceed those given in CSA A23.4. 

	1.4 Qualifications 
	.1 Manufacturer is to be certified for Prestressed Precast Concrete Products under CSA A23.4/A251. 

	1.5 Inspection and Testing 
	.1 Inspection and testing to be performed by a firm appointed and paid by the City.  Notify Contract Administrator at commencement of shop work so inspection and testing may be scheduled for the appointed firm. 
	.2 Provide free access to all portions of manufacturing plant and cooperate with appointed firm. 
	.3 If requested by the Contract Administrator, submit proposed mix design for review prior to commencement of work. 
	.4 Testing of cement and aggregates may be required to ensure conformance with requirements stated herein. 
	.5 Testing of concrete will be performed in accordance with CAN/CSA A23.2-00 and CSA A23.4. 
	.6 If defects are revealed during testing of concrete and/or review of fabricated precast concrete deck members, Contract Administrator will request additional testing and/or review to ascertain full degree of defects. 
	.7 Correct defects and/or irregularities to the satisfaction of Contract Administrator.  Further testing and/or review, under similar conditions as earlier, will be performed.  Pay all costs for retesting and additional review. 
	.8 Test results will be issued to Contractor, Contract Administrator, and City. 

	1.6 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals, and CSA A23.4. 
	.2 Prepare Shop Drawings signed and sealed by a Professional Engineer registered in the Province of Manitoba, fully experienced in design of precast concrete structural units. 
	.3 Provide for Contract Administrator’s review, copies of design calculations for reinforcing, hoisting, and connection and anchorage devices. 
	.4 Clearly indicate product locations, fabrication details, unit identification marks, reinforcement, connection details, dimensions, erection support points, openings complete with steel framing if required, anchors and relationship to adjacent materials in sufficient detail to cover manufacture, handling, and erection. 
	.5 Do not proceed with fabrication until Shop Drawings and design calculations have been reviewed by Contract Administrator. 

	1.7 Transportation, Handling, and Storage 
	.1 Handle all precast members in a position consistent with their shape and design.  Do all lifting and supporting only from support points indicated on Shop Drawings. 
	.2 Embedded lifting or handling devices are to be capable of supporting members in all positions anticipated during manufacture, storage, transportation, and erection.  Maintain capacity of lifting devices sufficient to resist forces of minimum 2.5 times weight of member. 
	.3 Deliver members to Site completely finished.  Clearly mark members as indicated on Shop Drawings, with date of production and final position on structure. 
	.4 Block and laterally brace members during transport and while stored on Site.  Provide lateral bracing sufficient to prevent bowing and warping.  Blocking and bracing shall be clean, non staining, and shall facilitate uniform curing of exposed surfaces. 
	.5 Provide edges of members with adequate protection to prevent staining, chipping, or spalling of concrete. 

	2. PRODUCTS 
	2.1 Concrete Materials 
	.1 Cement: normal Portland cement Type 10, conforming to CAN/CSA-A5 
	.2 Fine and Coarse Aggregates: conforming to CSA A23.4, from a single source for each type of aggregate for entire Work of this Section 
	.3 Water: potable, free of deleterious matter that may interfere with finish, strength, and colour of concrete 
	.4 Grout: minimum twenty eight (28) day compressive strength of 30 MPa 

	2.2 Concrete Mix 
	.1 Concrete for hollow core: exposure Class N. 

	2.3 Admixtures 
	.1 Air entrainment: conforming to ASTM Standard C260 
	.2 Chemical admixtures: conforming to ASTM Standard C494 

	2.4 Reinforcement 
	.1 Reinforcing Steel: 400 MPa yield grade, deformed billet steel bars conforming to CAN/CSA G30.18 plain finish. 
	.2 Reinforcing Wire: 480 MPa yield grade, deformed steel wire, conforming to ASTM A496, plain finish. 
	.3 Welded Steel Wire Fabric: plain type conforming to ASTM A185, plain finish.  After fabrication, the welded steel wire fabric shall be hot dipped galvanized.  Galvanizing to conform to CAN/CSA-G164; minimum 610 g/m2. 
	.4 Prestressing Tendons: uncoated seven-wire, stress relieved strand, conforming to CSA G 279. 
	.5 Structural Steel:  conforming to requirements of Section 05120 – Structural Steel. 

	2.5 Hardware 
	.1 Connections, Supporting Devices: Type W minimum Grade 300 MPa steel, conforming to CAN/CSA G40.21, all galvanized to CAN/CSA-G164, 610 g/m2 min. zinc coating after fabrication.  Clean all members receiving galvanizing material to SSPC SP-10 “Near White Blast Cleaning.” 
	.2 Bolts, Nuts, and Washers: conforming to ASTM A325, hot dipped galvanized. 
	.3 Anchors, Inserts: patented, load-tested galvanized steel. 
	.4 Welding Materials: conforming to CSA W48 Series, to match material being welded.  No welding of reinforcing steel will be allowed. 

	2.6 Prime Paint 
	.1 Touch-up Primer: zinc dust/zinc oxide alkyd type, Galvalume or Galvalloy. 

	2.7 Fabrication 
	.1 Maintain plant records and quality control program during the production of precast structural concrete, as required by CSA A23.4/A251, Appendix D.  Make records available to Contract Administrator upon request. 
	.2 Use forms and beds that are rigid, adequate to withstand prestressing forces and constructed of materials that will result in finished products conforming to requirements stated herein and on Drawings. 
	.3 Establish concrete mix design by tests on trial batches to achieve required strengths.  Maintain water content as constant as possible during manufacture. 
	.4 Provide concrete protection of reinforcement in accordance with CSA A23.4. 
	.5 Deposit and vibrate concrete to ensure proper consolidation, elimination of unintentional cold joints, and to minimize entrapped air on surfaces. 
	.6 Fabricate all required connecting devices, plates, angles, inserts, bolts, and accessories. 
	.7 Provide anchors and inserts to support loads for other trades sized and located as shown on Drawings. 
	.8 Perform shop welding of connecting and supporting devices in accordance with requirements of CSA W59. 
	.9 Ensure anchors, inserts, plates, angles, and other cast-in items are accurately located.  Maintain in position while concrete is placed and consolidated. 
	.10 Incorporate all openings, which are not to be cored or cut on site, during fabrication. 

	2.8 Finish 
	.1 Finish deck slabs to conform to requirements of CSA A23.4 for installation of roofing systems. 


	3. EXECUTION 
	3.1 Erection 
	.1 Provide temporary bracing for all stresses and induced loads during erection.  Maintain temporary bracing in place until final support is provided. 
	.2 Provide all hoisting equipment and operate in accordance with all applicable safety regulations. 
	.3 Discontinue Work and advise Contract Administrator when members require adjustment beyond design criteria.  Perform required modifications at no cost to the City. 
	.4 Erect members without damage to shape or finish.  Replace or repair damaged members to satisfaction of Contract Administrator, at no cost to the City. 
	.5 Erect all units level, plumb, square, and true within allowable tolerances. 
	.6 Securely fasten units in place. 
	.7 Perform welding of connecting and supporting devices in accordance with requirements of CSA W59. 
	.8 Prime paint field welds and touch up scratched and damaged galvanized surfaces. 
	.9 Field cutting and drilling are not permitted without prior written authorization from the Contract Administration unless shown on the Shop Drawings. 
	.10 Openings shall be located through voids only; under not circumstances shall prestress  strands be severed without written authorization from Contract Administrator and precast Manufacturer. 
	.11 Power actuated fasteners shall not be used for securing supports for pipe, conduits, etc.  Locations and types of fasteners shall be acceptable to the Contract Administrator and precast Manufacturer.  
	.12 Grout differential camber over 6 mm between tops of adjacent roof deck slabs with 1:3 mixture of cement and sand.  Trowel and feather grout to smooth slope, not exceeding 1:12. 
	.13 Fill all joints and grout keys between hollow core slabs with 1:3 mixture of cement and sand, trowel smooth. 
	.14 Remove all grout from underside of hollow core slabs and walls and floors immediately after grouting. 
	.15 Grout all erection pockets upon completion of erection. 

	3.2 Cleaning 
	.1 Clean all exposed precast concrete surfaces and clean all surfaces with spilled or splattered from grouting operations. 
	.2 Wash and rinse surfaces in accordance with precast Manufacturer’s recommendations.  Do not use cleaning solutions that will harm surface finishes and other adjacent construction (concrete, masonry, steel, aluminum, glass, and any other adjacent surfaces). 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Conform to requirements of CSA A370, CSA A371 and design requirements of CSA S304.1 except where more stringent requirements are noted and/or indicated on Drawings and specified herein. 
	.2 Provide for compartments in long cavity wall and at corners to achieve appropriate pressure equalization and drainage in cavity wall design. 
	.3 Engineered Masonry:  Conform to CSA A371 and CAN3-S304.1 and to details as indicated on structural Drawings. 

	1.2 Samples 
	.1 Submit duplicate full-size units samples or samples of size indicated, of each type of products specified for the Work, cured and finished in manner specified, and physically identical with material or product selected, and that show full range of color and texture variations expected. 
	.1 Masonry Units:  Full size units. 
	.2 Stone Units:  Random size units. 
	.3 Masonry Accessories:  300 mm (12”) long. 
	.4 Coloured Mortar:  150 mm (6”) long. 
	.5 Masonry Reinforcement, Ties and Corners:  300 mm (12”) long, or full size sample. 


	1.3 Test Reports 
	.1 Submit triplicate copies of test reports. 
	.1 Masonry Units and Mortar Ingredients:  Certifying compliance of masonry units and mortar ingredients with specification requirements. 


	1.4 Delivery, Storage, and Handling 
	.1 Deliver materials to Site in dry condition. 
	.2 Keep materials dry until use. 
	.3 Store under waterproof cover on pallets or plank platforms held off ground by means of plank or timber skids. 

	1.5 Environmental Requirements 
	.1 Cold Weather Requirements:  Supplement CSA-A371 with following requirements: 
	.1 Maintain temperature of mortar between 5°C and 50°C until batch is used. 

	.2 Hot Weather Requirements 
	.1 Protect freshly laid masonry from drying too rapidly, by means of waterproof, non staining coverings.  
	.2 Keep masonry dry using waterproof, non-staining coverings that extend over walls and down sides sufficient to protect walls from wind driven rain, until masonry work is completed and protected by flashings or other permanent construction.  
	.3 Protect masonry and other work from marking and other damage. Protect completed work from mortar droppings. Use non-staining coverings.  
	.4 Provide temporary bracing of masonry work during and after erection until permanent lateral support is in place.  


	2. PRODUCTS  (NOT USED) 
	3. EXECUTION 
	3.1 Installation 
	.1 Do masonry work in accordance with CSA-A371 except where specified otherwise. 
	.2 Build masonry plumb, level, true to line, with vertical and horizontal joints in alignment. 
	.3 Layout coursing and bond to achieve correct coursing heights, and continuity of bond above and below openings, with minimum of cutting. 

	3.2 Construction 
	.1 Exposed Masonry:  Remove chipped, cracked, and otherwise damaged units in exposed masonry and replace with undamaged units. 
	.2 Jointing: 
	.1 Concave Joints:  Allow mortar to set just enough to remove excess water, then tool with round jointer to provide smooth, joints true to line, compressed, uniformly concave joints. 
	.2 Flush Joints:  Strike flush all joints concealed in walls and joints in walls to receive plaster, tile, insulation, or other applied material except paint or similar thin finish coating.  

	.3 Cutting 
	.1 Cut out for electrical switches, outlet boxes, and other recessed or built-in objects. 
	.2 Make cuts straight, clean, and free from uneven edges.  

	.4 Building-In 
	.1 Build in items required to be built into masonry. 
	.2 Prevent displacement of built-in items during construction. Check plumb, location and alignment frequently, as work progresses. 
	.3 Brace door jambs to maintain plumb. Fill spaces between jambs and masonry with mortar. 

	.5 Support of Loads 
	.1 Use concrete to requirements of Division 3 Section 03300 – Cast-in-Place Concrete, where concrete fill is used in lieu of solid units. 
	.2 Use grout to CSA A179 where grout is used in lieu of solid units. 
	.3 Install building paper below voids to be filled with concrete or grout; keep paper 25 mm (1”) back from faces of units.  

	.6 Provision for movement 
	.1 Leave 12 mm (1/2”) space below shelf angles. 
	.2 Leave minimum 19 mm (3/4”) mm space or as indicated on Drawings between top of non-load bearing walls and partitions and structural elements. Do not use wedges. 
	.3 Built masonry to tie in with stabilizers, with provision for vertical movement. 

	.7 Loose steel lintels 
	.1 Install loose steel lintels. Centre over opening width. 

	.8 Cavity Walls 
	.1 Construct cavity walls with cavity free of mortar.  Strike mortar joints in both wythes flush at cavity faces. 

	.9 Control joints 
	.1 Construct continuous control joints as indicated. 

	.10 Expansion joints  
	.1 Build-in continuous expansion joints as indicated. 

	.11 Site Tolerances 
	.1 To CSA-A371. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Section 04051 – Masonry Procedures. 

	1.2 Quality Assurance 
	.1 Do mortar and grout work in accordance with CSA A179 except where specified otherwise. 
	.2 Use same brands of materials and source of aggregate for entire Work. 
	.3 Irregularity in mortar joints for wall faces exposed or painted in the completed work:  Not be noticeable when viewed from a distance of 4500 mm (15'-0"). 

	2. PRODUCTS 
	2.1 Materials 
	.1 Colour Additives:  Non-staining, non-fading, ground coloured natural aggregates or metallic oxide pigments. 
	.2 Aggregate:  CSA A179, except that the maximum allowable percentage passing 600 µm (No. 30) sieve shall be 80% and maximum passing 300 µm (No. 50) sieve shall be 50%. 
	.3 Cement:  Normal Portland, CAN/CSA-A3000, Type GU. 
	.4 Hydrated Lime:  ASTM C207; Type S. 
	.5 Integral Water Repellent Admixture for Exterior Concrete Masonry Units and Concrete Mortar:  Liquid polymeric admixture mixed with concrete during manufacture of concrete masonry units and added to mortar during mortar mixing in accordance with Manufacturer’s recommendations.  Integral water repellent admixture system shall provide Class E Rating when tested in accordance with ASTM E514.  Dry Block System by WR Grace. 

	2.2 Mortar Types 
	.1 Mortar for interior and exterior masonry above grade:  CSA A179. 
	.1 Loadbearing:  Type S. 
	.2 Non-Loadbearing:  Type N. 

	.2 Mortar for Stone Masonry Units:  1 part Portland cement, 1 part hydrated lime, 6 parts aggregate by volume. 
	.3 Non-Staining Mortar:  Use non-staining masonry cement for cementitious portion of specified mortar type. 
	.4 Grout:  CSA A179, Table 3. 
	.5 Parging Mortar: Type N. 

	2.3 Mixes 
	.1 Measure and mix mortar materials based on CSA A179 Proportion Specifications. 
	.2 Use Portland cement in mortar for exterior masonry work and masonry cement for interior masonry work. 
	.3 Incorporate admixtures into mixes in accordance with Manufacturer's instructions. 
	.4 Do not mix different types of mortar or grout in the same mixer unless the mixer is thoroughly cleaned first. 
	.5 Type N Mortar:  At Contractor’s option, one of the following: 
	.1 Pre-mixed mortar:  CSA A179, Portland cement/lime/aggregate, Type N, by St. Lawrence Cement Company, Canada Cement, St. Mary Cement or Lake Ontario Cement Ltd.  Mix, use and store in accordance with Manufacturer's instructions to produce small batches for immediate use only.  Discard mixed mortar after 2 hours. 
	.2 Site silo mix: CSA A179, Portland cement/lime/aggregate, Type N, by Mega-Mix Ltd. or Max-Mix Ltd. or Jiffy Concrete Products.  Mix required amount from Site silo as required.  Take representative samples for testing consistency of strength in accordance with CSA A179.  Use mortar within two hours after mixing at temperature of 26°C (79°F), or 21/2 hours at temperatures under 10°C (50°F). 

	.6 Coloured Mortars:  Use clean mixer for coloured mortar.  Use colour additives not exceeding 10% of cement content by mass, or integrally coloured masonry cement, to produce coloured mortar to match approved sample. 
	.1 Architectural Block Mortar:  Colour to match architectural blocks. 

	.7 Pointing Mortar:  Prehydrate pointing mortar by mixing ingredients dry, then mix again adding just enough water to produce damp unworkable mix that will retain its form when pressed into ball.  Allow to stand for not less than 1 hour nor more than 2 hours then remix with sufficient water to produce mortar of proper consistency for pointing.  


	3. EXECUTION 
	3.1 Application 
	.1 Do masonry mortar and grout work in accordance with CSA A179 except where specified otherwise. 
	.2 Parging:  Apply parging in uniform coating not less than total 10 mm (3/8”) thick. 

	3.2 Repointing 
	.1 Repoint defective joints. 
	.2 Cut back joints 13 mm (1/2”) taking care not to damage units.  Remove dust and loose materials by brushing or by water jet.  If water jet is used, allow excess water to drain before repointing. 
	.3 Repoint with same mix and colour as original. 
	.4 Pack mortar tightly in thin layers, and tool joint to match non defective joints. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Division 4 Section 04051 – Masonry Procedures. 

	1.2 Source Quality Control 
	.1 Upon request, provide Contract Administrator with certified copy of mill test report of reinforcement steel and connectors, showing physical and chemical analysis, minimum twenty five (25) calendar days prior to commencing reinforcement work. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Acceptable Products:  Subject to compliance with requirements of this Section, products that may be incorporated into the Work include, but are not limited to, the products specified.  Products by other manufacturers similar in function, design, performance, and construction may be used subjected to Contract Administrator’s prior acceptance. 
	.2 Corrosion Protection:  Steel reinforcing, ties, anchors and connectors and fasteners. 
	.1 Interior Side of Building Air Barrier:  Hot dipped galvanized after fabrication to ASTM A153 B2 coating weight 457 gm/m2 (1.5 oz/ ft2). 
	.2 Exterior Side of Building Air Barrier and Parts of Exterior Wall:  Type 304 stainless steel, ASTM A167 for plates, ASTM A580 for wires. 

	.3 Reinforcing Bar:  CSA G30.18, Grade 400, deformed billet steel bars. 
	.4 Horizontal Reinforcement for Single Wythe Masonry:  CSA A371, 3.66 mm steel longitudinal and cross wires, DA3200 by Dur-O-Wall Limited or BL10 by Blok-Lok Limited.  Width of reinforcing unit shall be 50 mm less than the nominal thickness of the wall.  Provide prefabricated corners and tees. 
	.5 Cavity Wall Ties, Concrete Block Back Up:  Engineered ties, properly sized, consisting of 1.6 mm (0.060”) thick stainless steel connector plate, 4.76 mm (0.19”) diameter stainless steel v ties, and polyethylene insulation support, Block Shear Connector by Fero Corp. 
	.1 Concrete Block Back Up Wythe:  Two wire ladder horizontal reinforcing of 3.66 mm diameter stainless steel side and cross wires. 

	.6 Cavity Wall Ties, Concrete Back Up:  Engineered ties, properly sized, consisting of 1.6 mm (0.060”) thick stainless steel L plate, 4.76 mm (0.19”) diameter stainless steel v ties, and polyethylene insulation support, Heavy Duty Rap-Tie by Fero Corp. 
	.7 Top of Partition Lateral Supports:  10 mm (3/8) steel dowel welded to 2.75 mm (12 gauge) steel base plate with adjustment slots, hot dip galvanized, complete with dowel plastic sleeves and attaching hardware, Masonry Wall-Top Stablizing Anchor by Dur-O-Wal. 


	3. EXECUTION 
	3.1 Installation 
	.1 Do work in accordance with CSA-A370, CSA-A371, and CSA-S304.1 unless indicated otherwise. 
	.2 Prior to placing concrete or grout, obtain Contract Administrator's approval of placement of reinforcement and connectors. 
	.3 Reinforce masonry walls and partitions with continuous reinforcement in every second block.  Provide continuous reinforcing. In cavity wall extend reinforcing from interior masonry, spanning over cavity, into masonry veneer facing. 
	.4 Adjustable masonry reinforcement not permitted to correct poorly laid masonry.  Bending of masonry reinforcement or ties not permitted. 
	.5 At corners of openings provide extra reinforcement, so that first and second courses above and below openings are reinforced.  Extend extra reinforcement 600 mm beyond opening in each direction. 
	.6 Concrete Wall Backups:  Space anchors at maximum 600 mm (24”) each direction, aligned vertically and horizontally. 
	.7 Cavity Wall Ties, Concrete Block Back Up:  Space ties at 800 mm (32”) horizontally and 400 mm (16”) vertically.  Place horizontal reinforcing in back up wythe 400 mm (16”) vertically in alternatives course to ties. 
	.8 Apply insulation retainer at each ties progressively as cavity wall insulation is installed.  Ensure retainer presses insulation in tight and firm contact with air barrier. 
	.9 Top of Partition Lateral Supports:  Mechanically anchor or weld supports to underside of structure, engage supports in full mortar in grooves in sash blocks or head joints.  Space supports at 1800 mm (6' 0") oc. 

	3.2 Field Touch-Up 
	.1 Touch up damaged and cut ends of galvanized reinforcement steel and connectors with compatible finish to provide continuous coating. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Section 040511 – Masonry Procedures. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Acceptable Products:  Subject to compliance with requirements of this Section, products that may be incorporated into the Work include, but are not limited to, the products specified.  Products by other manufacturers similar in function, design, performance, and construction may be used subjected to Contract Administrator’s prior acceptance. 
	.2 Control Joint Filler:  Purpose-made, rubber, size and shape to suit end use as recommended by manufacturer, Rapid Control Joint by Dur-O-Wal. 
	.3 Dampproof Course and Flashing:  Self-adhering modified bitumen membrane reinforced with proprietary polymer facing, minimum thickness 1 mm (40 mils), complete with manufacturer recommended primer and lap adhesive, compatible with air barrier system specified in Section 07270 – Air Barriers, Bueskin TWF Flashing System by Bakor. 
	.4 Weep Hole Vent:  Cellular plastic, one-piece, flexible extrusion made from UV-resistant polypropylene copolymer, full height and width of mortar joint and depth 3 mm (1/8”) less than depth of outer wythe, in color selected from manufacturer's standard. 
	.5 Mortar Dropping Control Device:  Mor-Control by Dur-O-Wal, full thickness of cavity wall air space. 


	3. EXECUTION 
	3.1 Installation – Control Joints and Expansion Joints 
	.1 Control Joints:  Provide control joint fillers in interior and exterior masonry walls as indicated on Drawings and where wall height changes; where wall direction changes; where wall thickness changes; at pipe and column chases; at bond beam breaks; at abutments of columns and walls; at abutment of cold walls to warm walls; at openings in walls such as doors and windows; and at intervals in continuous walls as follows: 
	.1 Up to 2400 mm (8’) high:  9000 mm (30’) to 10500 mm (35’) oc. 
	.2 2400 mm (8’) to 3600 mm (12’) high:  10500 mm (35’) to 12000 mm (40’) oc. 
	.3 Over 3600 mm (12’) high:  12000 mm (40’) to 13500 mm (45’) oc. 

	Expansion Joints: Provide expansion joints within wall construction in locations indicated on Drawings.  Provide joints to receive sealants specified in Section 07900 – Joint Sealant. 

	3.2 Installation - Weep Hole Vents 
	.1 Install weep hole vents in vertical joints immediately over flashings, in exterior wythes of cavity wall and masonry veneer wall construction, at maximum horizontal spacing of 600 mm (24”) oc. 
	.2 Ensure that holes in vents are not plugged with mortar or debris. 
	.3 At walls higher than 2.8 m, provide second course at 2.8 m centres. 

	3.3 Installation – Dampproof Course And Flashing 
	.1 Install dampproof courses and flashings where indicated on Drawings.  If not fully indicated, install in the following locations 
	.1 Exterior Walls, General:  Install flashings and dampproofing courses to provide continuous waterproofing flashing. 
	.2 Interior Walls on Slabs on Grade:  Below first masonry course, full thickness of wythe. 
	.3 Intersection of Masonry Walls With Roofs or Other Exterior, Horizontal Surfaces:  Immediately above roof flashing or horizontal surface flashing and seal to roof, horizontal flashing and air barrier. 
	.4 Cavity Walls:  Full thickness of exterior wythe, horizontally across cavity and through insulation to terminate shingle style with minimum 150 mm (6") vertical leg behind air barrier.  Maintain integrity of air barrier without damaging flashing, membrane and insulation. 
	.5 Non Cavity Wall:  Full thickness of wall. 
	.6 Wall Openings:  Install work over openings in walls, extend past opening minimum of 200 mm (8") and turn up minimum 150 mm (6") at each end to create waterproof dam to prevent water draining into openings. 


	3.4 Installation – Mortar Dropping Control Devices 
	.1 Place mortar dropping control device in air space of cavity walls horizontally starting 200 mm (8”) above the damp proof course and extended full height of wall.  Space devices at maximum 800 mm (32”) horizontally and 400 mm (16”) vertically.  Stagger 50% on the horizontal joint from the previous unit. 
	.1 Ensure mortar droppings are kept to a minimum and do not bridge air space as wythe is erected. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Division 4 Section  Masonry Procedures. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Use normal weight concrete masonry units where finished face exposed to exterior or to earth below grade, or forming part of an exterior wall. 
	.1 S or SC/15/A/M:  Solid block walls exposed to weather, and for other load bearing walls indicated. 
	.2 H/15/A/M:  Locations where structural members bear on concrete block, and where indicated on Drawings:  Fill units solid for top 2 courses of load bearing walls. 

	.2 Where concrete masonry walls are required to act as fire separations or barriers, provide units conforming to the building code with respect to classification, thickness, fire resistant ratings and type of concrete. 
	.3 Special Shapes:  Provide bull-nosed and double bull nosed units for exposed corners. Provide purpose-made shapes for lintels and bond beams. Provide additional special shapes as indicated. 

	2.2 Concrete Masonry Units 
	.1 Standard Concrete Block Units:  CAN3-A165 Series, modular size. 
	.2 Architectural Concrete Block Units:  CAN3-A165 Series, modular size. integral water repellent treated to yield resistance to water penetration for 62 hours when tested to ASTM E514, .#305 Charcoal Smooth Face by CCI Industries. 
	.3 Acoustical Blocks:  CAN3-A165 Series, modular size, purpose made with slots to provide the acoustical characteristics specified.  
	.1 Noise Reduction Coefficients (NRC):  0.85 for 290 mm wide units with slots and cavities with noncombustible fibrous filler elements when surface painted before testing. 



	3. EXECUTION 
	3.1 Installation - Concrete Masonry Units 
	.1 Lay block to align plumb over each other with thick ends of webs up.  Leave no cells open in exposed work. 
	.2 Minimize cutting block.  Cut exposed block with power driven abrasive cutting disc or diamond cutting wheel where cutting is required and for flush mounted electrical outlets, grilles, pipes, conduit, leaving 3 mm (1/8”) maximum clearance. 
	.3 Do not wet concrete masonry before or during laying in wall. 
	.4 Bond: 
	.1 Running Bond:  Stagger end joints in every course.  Align joints plumb over each other in every other course. 
	.2 Stack Bond:  Align joints plumb over each other in every course. 

	.5 Buttering corners of units, throwing mortar droppings into joints, deep or excessive furrowing of bed joints will not be permitted.  Do not shift or tap units after mortar has taken initial set. Where adjustment must be made after mortar has started to set, remove mortar and replace with fresh supply. 
	.6 Lay all joints approximately 10 mm (3/8”) thick unless otherwise specified or otherwise indicated on Drawings.  Fill joints full of mortar except where specifically designated to be left open. 
	.7 Jointing:  When mortar is thumb print hard, tool joints slightly concave for exposed work; elsewhere, strike joints flush.  Use sufficient force to press mortar tight against masonry units on both sides of joints.  Remove excess material or burrs left after jointing.  Use trowel or rub with burlap bag. 
	.8 Locate corners accurately. 
	.9 Use bullnose and double bullnose block at sills and all external corners from second bottom course to top of partition where block is left exposed. 
	.10 Use square nose units at bottom course at external corner.  Grind smooth corners to match bullnose units above, from top of flooring base. 
	.11 Use full bed of mortar for first course.  For remaining courses bed face shells and cross and end webs and vertical end joints fully in mortar.  Compress end joint mortar. 
	.12 Bond intersecting block walls in alternate courses with metal anchors.  Where blockwork abuts concrete, bond each block course with dovetail anchors. 
	.13 Do not break bond of walls of exposed units where partitions intersect and if bonding would show through on exposed face of walls.  Bond these partitions, to walls they intersect, with prefabricated intersection masonry anchor reinforcement in each course. 

	3.2 Interior Load Bearing And Non-Load Bearing Partitions 
	.1 Load Bearing Walls:  Carry load bearing partitions to structure above, wedge and grout..  Rake out full mortar joint between partition and structure for a depth of 13 mm (1/2") on 1 side for sealing specified under Division 7 Section 07900 – Joint Sealants.  Rake joint shall be on side of suspended ceiling (if any).  If no ceiling then on side as directed. 
	.2 Non-Loading Bearing Partitions:  Extend partitions in areas without suspended ceilings and other partitions indicated on Drawings, up through ceiling to structure above, unless indicated or specified otherwise:  Terminate partitions minimum 19 mm (3/4") or as shown on Drawings, below structure and fill space between top of masonry and structure with compressible packing insulation. 
	.3 Terminate remainder of masonry partitions minimum of 100 mm (4") above finished suspended ceilings. 

	3.3 Installation - Concrete Block Lintels 
	.1 Install reinforced concrete block lintels over openings in masonry where steel or reinforced concrete lintels are not indicated. 
	.2 End bearing:  Not less than 200 mm (8”). 

	3.4 Cleaning 
	.1 Standard and Architectural Units:  Allow mortar droppings on masonry to partially dry then remove by means of trowel, followed by rubbing lightly with small piece of block and finally by brushing. 
	.2 Pointing:  Clean block faces using soft cloths before mortar hardens rake to 10 mm (3/8”).  After completion of block laying fill joints with pointing mortar then point to provide concave joints.  Repeat cleaning of faces. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 Conform to requirements of Division 4 Section  Masonry Procedures. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Acceptable Products:  Subject to compliance with requirements of this Section, products that may be incorporated into the Work include, but are not limited to, the products specified.  Products by other manufacturers similar in function, design, performance, and construction may be used subjected to Contract Administrator’s prior acceptance. 
	.2 Stone, General:  Hard, durable, well seasoned and of uniform strength, colour and texture, free of harmful quantities of radiation, or other mineral or organic defects. 
	.1 Limestone:  ASTM C568, smooth face, ashlar course, random lengths and heights, 90 to 100 mm bed thickness, 200 mm course heights, Tyndall Limestone buff colour by Gillis Quarries Limited. 



	3. EXECUTION 
	3.1 Installation 
	.1 Clean stone by washing with water before laying. 
	.2 Lay heavy stones and projecting stones after mortar in courses below has hardened sufficiently to support weight. 
	.3 Prop and anchor projecting stones until wall above is set. 
	.4 Set large stones on water soaked softwood wedges to support stone in proper alignment until mortar has set. Remove wedges when dry, do not break off, grout holes with matching mortar. 
	.5 Remove mortar droppings and splashings from face of stone before mortar is set. Sponge stone free of mortar along joints as work progresses. 
	.6 Tool joints after initial set has occurred to concave finish. 
	.7 Arrange random coursed ashlar stone pattern so that no vertical joint is higher than highest course height being used, no horizontal joint is more than five stones long and no two stones of same height are placed end to end.  End stones 100 mm long. 

	3.2 Cleaning 
	.1 After mortar has completely set brush stone work with stiff brush using mild alkaline abrasive cleaner that contains no caustic or harsh fillers. 
	.2 Rinse with clear water to remove foreign matter. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install steel items including, but not limited to, roof framing, roof hold down assemblies, roof perimeter angles, masonry weld plates and support angles, and loose lintels as indicated on the Drawings. 
	.2 Galvanizing of all items exposed to exterior environment. 
	.3 Prime painting. 
	.4 Bearing plates and anchor bolts (finished to match item). 
	.5 Welds, bolts, washers, nuts, and shims (finished to match item). 
	.6 Field touch up of primed and galvanized surfaces including field welding. 

	1.2 Design Standards, Code Requirements 
	.1 Conform to requirements of CSA S16.1, CSA-S136, CISC Code of Standard Practice for Buildings, and Provincial Construction Safety Act. 
	.2 Use the loads shown on Drawings and in accordance with the NBC of Canada 1995. 
	.3 Connections not shown on the Drawings are to be designed by a Professional Engineer registered in the Province of Manitoba.  Design connections for loads shown or indicated on the Drawings. 
	.4 Perform all welding in accordance with requirements of CSA W59. 

	1.3 Qualifications 
	.1 All work is to be performed by a firm certified by the Canadian Welding Bureau to the requirements of CSA W47.1 in Division 2. 
	.2 All welders employed for erection are to possess valid "S" Classification Class "O" certificates issued by the Canadian Welding Bureau. 

	1.4 Inspection and Testing 
	.1 Shop and field inspection and testing is to be performed by an Inspection and Testing Firm appointed and paid by the City. 
	.2 Pay all additional costs for inspection and re-inspection due to defective workmanship or materials. 
	.3 If requested by the Contract Administrator, submit four (4) copies of mill test reports, properly correlated to materials actually used. 
	.4 Radiographic and magnetic particle inspection of welds is to be performed by the Inspection and Testing Firm, in accordance with CSA W59 and ASTM E109, when required by the Contract Administrator. 
	.5 Welds are to be considered defective if they fail to meet quality requirements of CSA W59. 
	.6 Additionally, all welds are to be visually inspected. 
	.7 High Tensile bolted connections are to be inspected and tested in accordance with CSA S16.1. 

	1.5 Shop Drawings, Submittals 
	.1 Submit Shop Drawings for review in accordance with the Section 01300 – Submittals. 
	.2 Provide a fabrication and erection schedule to the Contract Administrator prior to commencement of shop fabrication and field erection, in ample time to allow proper scheduling of inspection and testing. 
	.3 Submit details of typical connections and special connections for review prior to preparation of Shop Drawings. 
	.4 Shop Drawings and design briefs are to bear the seal and signature of a Professional Engineer registered in the Province of Manitoba. 
	.5 Clearly indicate profiles, sizes, spacing, and locations of structural members, connections, attachments, reinforcing, anchorage, size and type of fasteners, cambers and loads, accessories, and setting details. 
	.6 Include erection drawings, elevations, and details. 
	.7 Indicate welded connections using welding symbols in compliance with CISC Welding Standards.  Clearly indicate net weld lengths. 
	.8 Shop Drawing review by the Contract Administrator is solely to ascertain conformance to the general design concept. 
	.9 Responsibility for approval of detail design inherent in Shop Drawings rests with the Contractor and review by the Contract Administrator shall not imply such approval. 
	.10 Review shall not relieve the Contractor of his responsibility for errors or omissions in Shop Drawings or for proper completion of the Work in accordance with the Contract Documents. 
	.11 Responsibility for verification and correlation of field dimensions, fabrication processes, techniques of construction, installation, and coordination of all parts of the Work rests with the Contractor. 

	2. PRODUCTS 
	2.1 Materials 
	.1 All materials shall be new. 
	.2 Structural steel: conforming to CSA G40.21, Type W with minimum yield strength of 350 MPa. 
	.3 Hollow structural sections: conforming to CSA G40.21, Type W, minimum yield strength of 350 MPa, Class C. 
	.4 Miscellaneous steel: conforming to CSA G40.21, Type W with minimum yield strength of 300 MPa. 
	.5 Bolts, nuts, and washers: conforming to ASTM A325; galvanized or painted to match fastened items. 
	.6 Welding materials: conforming to CSA W59. 
	.7 Interior structural steel primer: CISC/CPMA 2-75. 
	.8 Galvanizing: conforming to CAN/CSA-G174; touch-up with Galvalume. 
	.9 Monorail: to be supplied and installed under Section 14550 – Monorail and Hoists. 

	2.2 Fabrication 
	.1 Fabricate structural steel members in accordance with CSAS16.1 and CSA S136. 
	.2 Verify all drawing dimensions prior to commencing fabrication. 
	.3 Provide connections for design loads indicated on the Drawings and to NBCC. 
	.4 Provide for field connections to be bolted except where field welded connections are shown on the Drawings.  Bolted connections shall be bearing-type connections with the thread excluded from the planes of shear. 
	.5 All shop connections are to be welded. 
	.6 All exposed welds shall be of smooth neat appearance; grind or file if required. 
	.7 Design and detail connections for structural steel so that corrosion potential is minimized. 

	2.3 Shop Priming 
	.1 Structural steel shall be primed at the fabrication shop. 
	.2 Clean all members to remove loose mill scale, rust, oil, dirt, and other foreign matter.  Prepare surfaces to be primed according to SSPC SP7. 
	.3 Apply primer in the shop to all steel surfaces, except: 
	.1 Surfaces to be encased in concrete. 
	.2 Surfaces and edges to be field welded. 

	.4 Apply primer under cover, on dry surfaces only, and when surface and air temperatures are above 5°C. 
	.5 Maintain dry condition and 5°C minimum temperature until primer is thoroughly dry. 
	.6 Patch prime sharp edges and corners one coat before full coat is applied. 
	.7 Apply primer by brush or spray to specified dry film thickness. 


	3. EXECUTION 
	3.1 Damaged Members 
	.1 Repair or replace members damaged during transit or erection before securing in position. 

	3.2 Erection 
	.1 Erect structural steel in accordance with CSA S16.1 and Drawings. 
	.2 Field connections are to be bolted wherever possible. 
	.3 Do not field weld wet surfaces or during rain unless under cover. 
	.4 Do not weld at temperature below 5°C except with express permission of the Contract Administrator. 
	.5 Conform to requirements of CSA W59 for minimum preheat and interpass temperatures. 
	.6 Make adequate provision for all erection loads, and for sufficient temporary bracing to maintain structure safe, plumb, and in true alignment until completion of erection and installation of necessary permanent bracing. 
	.7 Use only light drifting to draw parts together.  Enlarge holes for bolted connections with reamers or twist drill only.  Do not burn to form holes, enlarge holes, or match unfair holes. 
	.8 Erection error is not to exceed requirements of CSA S16.1. 
	.9 Obtain Contract Administrator’s written permission prior to field cutting or altering structural members. 
	.10 Bolt tightening to be done in accordance with Turn-of-Nut tightening as per CSA S16.1. 
	.11 After erection, field prime welds and touch-up abrasions and damaged surfaces. 
	.12 Supply to appropriate Sections items, such as masonry support weld plates, to be cast into concrete complete with necessary setting templates. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Metal roof deck complete with cover plates, closures, flashing, fastenings, and installation 
	.2 Angle framing around openings up to 450 mm maximum in any dimension 
	.3 Cut openings through deck 

	1.2 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Clearly indicate decking plan, deck profile dimensions and thicknesses, anchorage, supports, projections, openings and reinforcement, closures, flashings, applicable accessories, and details. 
	.3 Shop Drawings and design briefs are to be signed and sealed by a Professional Engineer registered in the Province of Manitoba. 

	1.3 Design 
	.1 Design deck to safely support live and dead loads shown on Drawings and in accordance with CSA S136.  If applicable, ensure ponding affects are included. 
	.2 Maximum working stress under full live and dead loads shall not exceed 140 MPa. 
	.3 Live load deflection shall not exceed 1/240 of span. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Metal: galvanized sheet steel conforming to ASTM A653M SS Grade 230 with zinc coating of Z275 galvanized. 

	2.2 Deck and Related Accessories 
	.1 Roof deck: minimum 0.76 mm thickness or as indicated on the Drawings, base sheet steel, galvaneal, three (3) equal spans, 38 mm deep profile. 
	.2 Roof deck to be style RD938 as manufactured by Vicwest or style P-3615 as manufactured by Canam Group. 
	.3 Closure strips, flashing, and cover plates: minimum 0.76 mm thickness base sheet steel, galvaneal coating, of required profiles and sizes. 

	2.3 Fabrication 
	.1 Fabricate metal deck in accordance with requirements of CSA S136, and CSSBI Standards and Drawings. 
	.2 Fabricate deck with interlocking side laps. 
	.3 Fabricate to generally span over three (3) or more supports unless shown otherwise on the Drawings. 


	3. EXECUTION 
	3.1 Damaged Members 
	.1 Repair or replace sections damaged during transit or erection before securing in position. 

	3.2 Installation 
	.1 Erect metal deck in accordance with requirements of CSSBI and the Drawings.  Align and level deck on structural supports. 
	.2 Locate all end joints over supports. 
	.3 Lap all end joints on non-cellular deck 75 mm minimum. 
	.4 Maintain minimum end bearing on steel supports of 50 mm for deck up to 45 mm deep. 
	.5 Maintain minimum end bearing on masonry supports of 100 mm for deck up to 45 mm deep. 
	.6 Lay out lines of supporting steel on top surface of deck to produce accurate welds and prevent burns through deck from improper weld location. 
	.7 Welding shall be done by qualified welders who shall make practice welds.  Prior to actual job welding, practice welds shall be made on the deck to be used to check adequacy of the welding rod amperage and burn off rate to produce satisfactory fusion for the various welds required.  Both the practice welds and actual job welds shall be inspected by the steel deck erector as to size and spacing and tested by pry tests to assure metal to metal fusion. 
	.8 Fasten to all supports with 20 mm diameter fusion welds at 300 mm on center maximum. 
	.9 Mechanically fasten sidelaps at 600 mm on center by button punch. 
	.10 Install angle or channel closures full length on all deck openings. 
	.11 Install acoustical closures over all walls. 
	.12 Cut all holes required in deck for roof hold downs and mechanical and electrical requirements. 
	.13 Reinforce openings up to 450 mm in any dimension with 55 x 55 x 6 mm steel angles.  Place reinforcing angles at right angles to ribs, extend out two ribs each side and weld. 
	.14 Install deck to provide flat upper surface, with all flange surfaces touching a 1200 mm straight edge over structural supports. 
	.15 If two or more adjacent flanges on any deck section are concave or convex so that only edges or crowns touch straight edge, repair or replace deck sections. 
	.16 Immediately after installation, touch up welds, burned areas, and damaged areas of zinc coating with minimum two (2) coats of zinc rich primer. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Design details and connections, where not shown on Drawings, in accordance with CAN/CSA-S16, CSA S136, and CSA S136.1. 

	1.2 Quality Assurance 
	.1 Retain a Professional Engineer registered in the Province of Manitoba, with experience in work of comparable complexity and scope, to perform the following services as part of the Work of this Section: 
	.1 Design metal fabrication items as required to resist live, dead, lateral, wind, and seismic loads. 
	.2 Structural design. 
	.3 Review, stamp, and sign Shop Drawings. 
	.4 Conduct shop and Site inspections. 
	.5 Prepare and submit inspection reports. 

	.2 Do steel welding to CSA W59 by fabricators certified by the Canadian Welding Bureau to CSA W47.1. 

	1.3 Submittals 
	.1 Shop Drawings:  Bearing professional seal and signature of the Professional Engineer responsible for the engineering design.  Show work of this Section including large scale detail of members and materials, of connection and jointing details, and of anchorage devices, dimensions, thicknesses, description of materials, metal finishing, as well as other pertinent data and information. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Structural Steel Shapes, Plates:  CAN/CSA-G40.20-G40.21-M, Grade 350W. 
	.2 Hollow Structural Steel Sections:  CAN/CSA-G40.20/G40.21-M, Grade 350W, Class C. 
	.3 Galvanized Sheet Steel:  ASTM A653/A653M Grade A, Z275 Commercial Quality zinc coating, size and shape as shown. 
	.4 Stainless Steel Shapes:  ASTM A484/A484M, Type 304 to AISI No. 4 finish. 
	.5 Stainless Steel Sheet and Plate: ASTM A167, Type 304 to AISI No. 4 finish. 
	.6 Fasteners:  Bolts, nuts, washers, rivets, lock washers, anchor bolts, machine screws and machine bolts hot dipped galvanized to CSA G164.  For joining stainless steel components use stainless steel fasteners. 
	.7 Primer Paint:  CISC/CPMA 2-75. 
	.8 Galvanized Primer Paint:  Organic zinc rich primer. For galvanized fabrications where touchup is to remain unpainted in finished work:  Inorganic zinc rich primer, Galvafroid by W.R. Meadows of Canada Ltd. 
	.9 Grout:  Non shrink, non metallic, flowable, 24h, 15 MPa (2100 psi), pull out strength 7.9 MPa (1150 psi). 
	.10 Drilled Anchors:  RAWL by Anchor Construction Industrial Products or HSL by Hilti Inc. heavy-duty anchors, sizes to suit. 

	2.2 Fabrication 
	.1 Verify dimensions of installed Work before commencing fabrications and report any discrepancies to Contract Administrator. 
	.2 Fit and assemble Work in shop where possible.  Execute work in accordance with details and reviewed Shop Drawings.  Where shop fabrication is not possible, make trial assembly in shop. 
	.3 Seal exterior steel fabrications against corrosion in accordance with CAN/CSA S16.1. 
	.4 Unless indicated otherwise, provide welded connection for work of this Section. 
	.5 Carefully make and fit details.  Take special care with exposed finished Work to produce a neat and correct appearance to Contract Administrator’s acceptance. 
	.6 Assemble members without twists or open joints. 
	.7 Correctly size holes for connecting Work of other Sections where such can be determined prior to fabrication.  Where possible, show holes on shop drawings.  Place holes not to cause appreciable reduction in strength of member. 

	2.3 Welding 
	.1 Perform welding by electric arc process. 
	.2 Execute welding to avoid damage or distortion to Work.  Execute welding in accordance with following standards: 
	.1 CSA W48:  For welding materials.  If rods are used, only coated rods are allowed. 
	.2 CSA W59:  For design of connections and workmanship. 
	.3 CAN/CSA W117.2:  For safety. 

	.3 Thoroughly clean welded joints and expose metals for a sufficient distance to perform welding operations. 
	.4 Test welds for conformance and remove work not meeting specified standards and replace to Contract Administrator’s acceptance. 
	.5 Continuous weld all joints for the full length of each joint.  Finish exposed welds smooth and flush, file, or grind as required. 

	2.4 Anchors and Fastening 
	.1 Use weld studs of size not larger than 10 mm for attaching miscellaneous materials and equipment to building steel. If weight of item requires larger fasteners use clips or brackets and secure by welding or through bolting. 
	.2 Use self-drilling expansion type concrete anchors for attaching to masonry and concrete. 

	2.5 Inserts and Hangers 
	.1 Install inserts, hangers, and supports. Make inserts drilled type. 
	.2 Before openings are cut through structure, obtain Contract Administrator's written acceptance for procedures, locations and reinforcements required. 

	2.6 Shop Priming 
	.1 Clean steel to SSPC SP6 and remove loose mill scale, weld flux and splatter. 
	.2 Shop prime steel with one coat of primer paint to dry film thickness of 0.07 mm.  Paint on dry surfaces, free from rust, scale, grease.  Do not paint when temperature is lower than 7°C. Paint items under cover and leave under cover until primer is dry.  Follow paint Manufacturer's recommendations regarding application methods, equipment, temperature, and humidity conditions. 
	.3 Clean but do not prime surfaces to be field welded. 
	.4 Do not prime surfaces embedded in concrete, clean as if they were to be primed. 
	.5 Do not prime machine finished surfaces, but apply an effective anti-rust compound. 
	.6 Take precautions to avoid damage to adjacent surfaces. 

	2.7 Hot Dip Galvanizing 
	.1 Hot dip galvanize, after fabrication, steel metal fabrication items.  Straighten shapes and assemblies true to line and plane after galvanizing.  Repair damaged galvanized surfaces with brush or spray-applied anti-corrosion coating containing 92 to 95% zinc, in accordance with Manufacturer's printed directions. 
	.1 Members exposed to elements when in final location. 
	.2 Members embedded on exterior side of exterior walls. 
	.3 Members imbedded in concrete. 
	.4 Members specified in this Section or indicated on Drawings. 

	.2 Hot-dip galvanize members in accordance with CAN/CSA G164 and requirements of the following ASTM standards, with minimum coating weights or thicknesses as follows: 
	.1 Rolled, Pressed and Forged Steel Shapes, Plates, Bars and Strips:  ASTM A123/A123M; average weight of zinc coating of actual surface 
	.1 4.8 mm (3/16”) and less member thickness:  600 g/m2 
	.2 6 mm (1/4”) and heavier members:  640 g/m2 

	.2 Iron and Steel Hardware:  ASTM A153/A153M; minimum weight of zinc coating, in gram per square meter of surface, in accordance with Table 1 for the various classes of materials used in the Work. 


	2.8 Stainless-Steel Finishes 
	.1 Directional Polish:  No. 4 bright satin finish.  Grind and polish surfaces to produce uniform, directionally textured, polished finish, free of cross scratches.  Run grain with long dimension of each piece. 


	3. EXECUTION 
	3.1 Examination 
	.1 Verify dimensions and conditions of previously installed work, upon which this Section depends, and coordinate repairs, alterations, and rectification if necessary. 
	.2 Obtain Contract Administrator’s written approval prior to field cutting or altering of structural members. 

	3.2 Erection 
	.1 Fit joints and intersecting members accurately. Make Work in true planes with adequate fastenings.  Build and erect Work plumb, true, square, straight, level and accurate to sizes detailed, free from distortion or defects detrimental to appearance or performance. 
	.2 Perform drilling of concrete as required to fasten Work of this Section. 
	.3 Unless otherwise indicated, grout set work in concrete with non-shrink grout.  Trowel surface smooth and flush with adjacent surfaces. 
	.4 Insulate metals where necessary to prevent corrosion due to contact between dissimilar metals and between metals and masonry, concrete or plaster.  Use bituminous paint, butyl tape, building paper or other approved means. 

	3.3 Field Painting 
	.1 Paint bolt heads, washers, nuts, field welds and previously unpainted items.  Touch up shop primer damaged during transit and installation, with primer to match shop primer. 

	3.4 Schedule of Metal Works 
	.1 General:  Supply and install metal work indicated on Drawings and not included in work of other Sections in addition to items listed below.  Where items are required to be built into masonry, concrete or other work supply such items to respective Sections with all anchors and accessories for building in. 
	.2 Itemized List:  Supply and install following metal work unless specifically designated to be supplied only.  List supplied herein is not necessarily complete and shall be augmented by thorough inspection of Drawings and all other requirements to complete Work.  Each item shall be as indicated on Drawings and as detailed on reviewed shop drawings: 
	.3 Overhead and Coiling Door Supports:  Structural channel sections, selected for trueness of web and flange, with joints welded and ground smooth.  Supply bar stop and bent bar anchors for anchorage to masonry or concrete as required. Fit frames with temporary spreaders to prevent frame from springing out of shape. 
	.4 Lintels:  Size width 25 mm maximum less than width of wall.  Unless otherwise shown, fabricate lintels in block walls of steel sections. 
	.5 Support Framing Systems:  Welded construction, complete with anchors, brackets, sleeves, screws and incidentals required to complete installations.  Provide steel support for interior and exterior work including and not limited to: 
	.1 Parapet flashing, angles, and channels to provide framing at cants, curbs, and parapets. 
	.2 Steel framing for louvre openings. 
	.3 Stainless steel channel wall framing at perimeter of glass block panels. 
	.4 Support brackets and welded plates. 
	.5 Masonry support angles. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Comply with CSA S157/A157.1 for strength design in aluminium work. 
	.2 Design railings, balustrade, and landing construction and connections to requirements of the building code and other authorities having jurisdiction.  Maximum deflection of L/360 of clear span. 
	.3 Floor Covers and Platform Grating:  Unless otherwise indicated, minimum uniform loading of 976 kg/m2. (200 psf) at maximum deflection of L/360 of clear span. 

	1.2 Quality Assurance 
	.1 Retain a Professional Engineer registered in the Province of Manitoba, with experience in work of comparable complexity and scope, to perform the following services as part of the Work of this Section: 
	.1 Design aluminium fabrication items as required to resist live, dead, lateral, wind, and seismic loads. 
	.2 Structural design. 
	.3 Review, stamp, and sign shop drawings. 
	.4 Conduct shop and Site inspections. 
	.5 Prepare and submit inspection reports. 

	.2 Do aluminium welding to CSA W59.2 by fabricators certified by the Canadian Welding Bureau to CSA W47.2. 

	1.3 Submittals 
	.1 Shop Drawings:  Bearing professional seal and signature of the Professional Engineer responsible for the engineering design.  Show work of this Section including large scale detail of members and materials, of connection and jointing details, and of anchorage devices, dimensions, thicknesses, description of materials, aluminium finishing, as well as other pertinent data and information. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Aluminium Plates, Shapes and Extrusions:  6061-T6 alloy, anodizing quality. 
	.2 Welding Rods, Aluminium:  5356 alloy. 
	.3 Grating:  Rectangular grate opening, 30 mm centre bearing bars, 100 mm centre cross bars, welded construction, corners and junctions ground smooth.  Weld perimeter banding bars, same size as bearing bars, at grating edges and openings.  Attach welded anchors at 600 mm centres. 
	.4 Stair Tread Grating:  Rectangular grating, 30 mm centre bearing bars, 100 mm centre cross bars, welded construction, corners and junctions ground smooth, slip resistant and colour contrast nosing.  Weld perimeter banding bars, same size as bearing bars, at grating edges. 
	.5 Fasteners:  Stainless steel bolts, nuts, washers, rivets, lock washers, anchor bolts, machine screws and machine bolts. 
	.6 Galvanized Primer Paint:  Organic zinc rich primer. For galvanized fabrications where touch-up is to remain unpainted in finished work:  Inorganic zinc rich primer, Galvafroid by W.R. Meadows of Canada Ltd. 
	.7 Grout:  Non shrink, non metallic, flowable, 24h, 15 MPa (2100 psi), pull out strength 7.9 MPa (1150 psi). 
	.8 Drilled Anchors:  RAWL by Anchor Construction Industrial Products or HSL by Hilti Inc. heavy-duty anchors, sizes to suit. 

	2.2 Fabrication 
	.1 Verify dimensions of installed Work before commencing fabrications and report any discrepancies to Contract Administrator. 
	.2 Fit and assemble Work in shop where possible.  Execute Work in accordance with details and reviewed Shop Drawings.  Where shop fabrication is not possible, make trial assembly in shop. 
	.3 Unless indicated otherwise, provide welded connection for work of this Section. 
	.4 Carefully make and fit details.  Take special care with exposed finished Work to produce a neat and correct appearance to Contract Administrator’s acceptance. 
	.5 Assemble members without twists or open joints. 
	.6 Correctly size holes for connecting Work of other Sections where such can be determined prior to fabrication.  Where possible, show holes on shop drawings.  Place holes not to cause appreciable reduction in strength of member. 

	2.3 Welding 
	.1 Execute welding to avoid damage or distortion to Work.  Execute welding in accordance with following standards: 
	.1 CSA W48:  For welding materials.  If rods are used, only coated rods are allowed. 
	.2 CSA W59.2:  For design of connections and workmanship. 
	.3 CAN/CSA W117.2:  For safety. 

	.2 Thoroughly clean welded joints and expose aluminium surfaces for a sufficient distance to perform welding operations. 
	.3 Test welds for conformance and remove work not meeting specified standards and replace to Contract Administrator’s acceptance. 
	.4 Continuous weld all joints for the full length of each joint.  Finish exposed welds smooth and flush, file, or grind as required. 

	2.4 Anchors and Fastening 
	.1 Use weld studs of size not larger than 10 mm for attaching miscellaneous materials and equipment to building structure.  If weight of item requires larger fasteners use clips or brackets and secure by welding or through bolting. 
	.2 Use self-drilling expansion type concrete anchors for attaching to masonry and concrete. 

	2.5 Inserts and Hangers 
	.1 Install inserts, hangers, and supports. Make inserts drilled type. 
	.2 Before openings are cut through structure, obtain Contract Administrator's written acceptance for procedures, locations and reinforcements required. 

	2.6 Aluminium Finishes 
	.1 Clear Anodic Finish:  AA-M12C22A41, as fabricated nonspecular mechanical finish, medium matte etched chemical finish, architectural class I clear anodic coating of minimum 18 µm (0.7 mil) thick complying with AAMA 611. 


	3. EXECUTION 
	3.1 Examination 
	.1 Verify dimensions and conditions of previously installed work, upon which this Section depends, and coordinate repairs, alterations, and rectification if necessary. 
	.2 Obtain Contract Administrator’s written approval prior to field cutting or altering of structural members. 

	3.2 Erection 
	.1 Fit joints and intersecting members accurately.  Make Work in true planes with adequate fastenings.  Build and erect Work plumb, true, square, straight, level and accurate to sizes detailed, free from distortion or defects detrimental to appearance or performance. 
	.2 Perform drilling of concrete as required to fasten Work of this Section. 
	.3 Continuously weld connections for railings, and anchor directly to stringers.  Where rails return to wall have end returns and wall brackets. 
	.4 Unless otherwise indicated, grout set work in concrete with non-shrink grout.  Trowel surface smooth and flush with adjacent surfaces. 
	.5 Insulate aluminium where necessary to prevent corrosion due to contact between dissimilar metals and between aluminium and masonry, or concrete.  Use bituminous paint, butyl tape, building paper or other approved means. 

	3.3 Schedule of Aluminium Works 
	.1 General:  Supply and install work indicated on Drawings and not included in work of other Sections in addition to items listed below.  Where items are required to be built into masonry, concrete or other work supply such items to respective Sections with all anchors and accessories for building in. 
	.2 Itemized List:  Supply and install following Work unless specifically designated to be supplied only.  List supplied herein is not necessarily complete and shall be augmented by thorough inspection of Drawings and all other requirements to complete Work.  Each item shall be as indicated on Drawings and as detailed on reviewed shop drawings: 
	.3 Aluminium Stairs: 
	.1 Fabricate stringer of size, construction and attachment to structure as shown. Close exposed ends of stringers with closure plates welded to edges of exposed flange edges. 
	.2 Furnish treads, risers, and landing permanent aluminium plates or gratings as shown. 
	.3 Support treads, risers, and landings as detailed on reviewed shop drawings. 

	.4 Access Ladders:  Construct access ladders of stringers with solid rungs rigidly secured to the stringers.  Supply and install angle clips and anchor bolts to secure the ladders in place. 
	.5 Grating:  Fabricate removable and fixed gratings in sections weighing maximum 75 kg (165 lbs) each.  Secure removable grating in place with minimum of 4 clips per panel.  Weld fixed gratings at approximately 400 mm (16") oc with 25 mm (1") fillets. 
	.6 Handrails and Posts: Close open ends of handrails with 1.9 mm thick closure neatly welded. Supply railings consisting of top rail and intermediate rail, and with matching vertical standards spaced as shown. 
	.7 Checkered Plate Covers:  Diamond shaped raised pattern, of nominal thickness shown exclusive of raised pattern. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Design construction methods for expansion and contraction of materials.  Adopt method of construction to ensure that materials are rigidly and securely attached and will not be loosened by work of other Sections.  Fasten wood nailers, blocking, framing and strapping solidly to adjacent materials in true planes. 

	1.2 Quality Assurance 
	.1 Lumber Identification:  Lumber identification shall conform to requirements of Standard Grading Rules for Canadian Lumber of NLGA or grade stamped by an agency certified by Canadian Lumber Standards Accreditation Board. 
	.2 Plywood identification:  by grade mark in accordance with applicable CSA standards. 
	.3 Align and plumb faces of furring and blocking to tolerance of 1:600. 

	1.3 Submittals 
	.1 Preservative Treatment Test Reports:  Duplicate reports from chemical treatment Manufacturer and certification by independent testing agency comply with requirements.  Indicate type of preservative used, net amount of preservative retained, and chemical treatment Manufacturer's written instructions for handling, storing, installing, and finishing treated material. 
	.2 For products receiving a waterborne treatment, include statement that moisture content of treated materials was reduced to levels specified before shipment to Site. 
	.3 Include copies of warranties from chemical treatment manufacturers for each type of treatment. 

	1.4 Waste Disposal 
	.1 Dispose waste legally off Site, in accordance with governing regulation.  Dispose of any end cuts and left over chemicals in an approved land fill site.  Do not burn or allow other use of end cuts. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Framing Lumber: Unless specified otherwise, Spruce/Pine/Fir (SPF), NLGA 121b Standard, with structural members meeting minimum No. 2 Grade requirements of CAN/CSA-O141. 
	.2 Cants, Curbs, Blocking, Nailers and other Members Less Than 89 mm (4") Wide:  Spruce, 122c. "Standard" light framing, except as otherwise specified. 
	.3 Softwood Plywood, Douglas Fir, CSA O121 M of Following Grades: Good One Side (G1S) elsewhere. 
	.4 Rough Hardware: CSA B111; Nails, screws, bolts, lag screws, anchors, special fastening devices and supports required for erection of carpentry components.  Use galvanized components if exposed to exterior atmosphere. Galvanize in accordance with requirements of CAN/CSA-G164 M. 
	.5 General purpose adhesive:  CSA O112 Series. 
	.6 Proprietary fasteners:  Toggle bolts, expansion shields and lag bolts, screws and lead or inorganic fibre plugs, explosive actuated fastening devices, recommended for purpose by Manufacturer. 

	2.2 Wood Preservative-Treated Materials 
	.1 Preservative Treatment by Pressure Process:  CSA O80 Series, using preservative chemicals acceptable to authorities having jurisdiction, ammoniacal or amine copper quat (ACQ), or copper azole (AC), except that lumber that is not in contact with the ground and is continuously protected from liquid water may be treated with inorganic boron (SBX). 
	.2 Precut wood, where practical, prior to preservative treatment. 
	.3 Treat site cut pressure treated lumber cut ends treated with preservatives compatible with pressure treatment chemicals. 
	.4 Kiln-dry material after treatment to a maximum moisture content of 19% for lumber and 15% for plywood.  Do not use material that is warped or does not comply with requirements for untreated material. 
	.5 Mark each treated item with the treatment quality mark of an inspection agency approved by the Canadian Lumber Standards Accreditation Board. 
	.6 Application:  Treat items indicated on Drawings, and the following: 
	.1 Wood cants, nailers, curbs, equipment support bases, blocking, stripping, and similar members in connection with roofing, flashing, air and vapour barriers, and waterproofing. 
	.2 Wood sills, sleepers, blocking, furring, stripping, and similar concealed members in contact with masonry or concrete. 


	2.3 Fire-Retardant-Treated Materials 
	.1 General:  Identify fire-retardant-treated wood with appropriate classification marking of ULC or another testing and inspecting agency acceptable to authorities having jurisdiction. 
	.2 Fire Retardant Treated Wood:  To ULC S102, flame spread, fuel contributed and smoke developed ratings of 25 or less, pressure treated. 
	.1 Lumber and plywood:  FirePro FRTW by Osmose, or Dricon FRT by Arch Wood Products Inc., or other approved equal. 
	.2 Particleboard:  Duraflake FR by Weyerhauser, or other approved equal. 

	.3 Use treatment that does not promote corrosion of metal fasteners. 


	3. EXECUTION 
	3.1 Installation - General 
	.1 Install members true to line, levels and elevations. 
	.2 Construct continuous members from pieces of longest practical length. 
	.3 Install spanning members with crown edge up. 
	.4 Install materials so that grade marks and other defacing marks are not visible or are removed by sanding. 
	.5 Frame, anchor, fasten, tie, and brace members to provide necessary strength and rigidity. 
	.6 Countersink bolts where necessary to provide clearance for other work. 
	.7 Fasten work to hollow units with toggle bolts and to solid masonry or concrete with lead expansion shields and lag screws.  Do not use organic fibre or wood plugs. 

	Furring And Blocking 
	.1 Install furring and blocking as required to space out and support casework, cabinets, wall and ceiling finishes, facings, fascia, soffit, siding and other work as required. 
	.2 Install furring to support siding applied vertically and where sheathing is not suitable for direct nailing. 

	Nailing Strips, Grounds, and Rough Bucks 
	.1 Install rough bucks, nailers, and linings to rough openings as required to provide backing for frames and other work. 

	Cants, Curbs, Fascia Backing 
	.1 Install wood cants, fascia backing, nailers, curbs, and other wood supports as required and secure using galvanized fasteners. 

	Electrical, Data, and Telephone Equipment Backboard 
	.1 Supply and install fire retardant treated backboards for mounting equipment as indicated.  Use 19 mm (3/4") thick plywood on 38 x 89 mm (2 x 4) furring around perimeter and at maximum 300 mm (12") intermediate spacing. 
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	1. GENERAL 
	1.1 Delivery, Storage, and Handling 
	.1 Deliver materials to Site in their original wrappings with labels intact. 
	.2 Store insulation on raised platforms and protect with waterproof covers.  Prevent exposure of insulation to UV exposure. 
	.3 Store materials inside buildings for twenty four (24) hours prior to installation. 

	PRODUCTS 
	2.1 Materials 
	.1 Perimeter Insulation:  CAN/ULC S-701 Type 4, expanded, extruded polystyrene board insulation, minimum compressive strength of 210 kPa (30 psi) at 10% deformation or yield; square edges, unfaced, Styrofoam SM by Dow Chemical Canada Inc. 
	.2 Concrete Slab Insulation:  CAN/ULC S-701 Type 4, expanded, extruded polystyrene board insulation, minimum compressive strength of 415 kPa (60 psi) at 10% deformation or yield; square edges, unfaced, Styrofoam Highload 60 by Dow Chemical Canada Inc. 
	.3 Cavity Wall Insulation:  CAN/ULC S701 Type 3, expanded, extruded polystyrene board insulation, minimum compressive strength of 170 kPa (25 psi) at 10% deformation or yield; square edges; unfaced, Styrofoam Cavitymate Ultra by Dow Chemical of Canada Ltd. 
	.4 Roll or Batt Wall Insulation:  Preformed glass fibre batt insulation, CSA A101-M, 17.5 kg/m3 (1.1 pcf) density. 
	Adhesive:  Compatible to and as recommended by manufacturer of insulating materials. 
	.6 Cement Mortar Mix:  1 part Portland cement, 6 part masonry sand, 1 part hydrated lime, potable water to produce a workable mix. 
	Mechanical Fasteners 
	.1 Insulation Clips:  Impale type, perforated 50 x 50 mm (2" x 2") cold rolled steel adhesive back, spindle of length to suit insulation plus 25 mm (1") with speed washers. 
	.2 Nails:  Galvanized steel, length 25 mm (1") longer than insulation thickness, CSA B111 Table 12. 
	.3 Staples:  Galvanized wire, 12 mm (1/2") minimum. 

	.8 Lightweight Cement Board:  Panels of  Portland cement slurry with a fully embedded alkali resistant glass fiber mesh facing, Unipan, Uniflex or PermaBase from Unifix inc., or Durock by CGC. 


	3. EXECUTION 
	3.1 Preparation 
	.1 Ensure that surfaces to receive adhesive or insulation are dry, firm, straight, and free from loose material, projections, ice, frost, slick, grease, oil or other matter detrimental to bond of the adhesive or uniform bedding of the insulation. 
	.2 Maintain surface and ambient temperatures during application and curing of adhesive at a temperature recommended by the manufacturer of the type of adhesive used. 

	3.2 Installation - General 
	.1 Install insulation to maintain continuity of thermal protection to building elements and spaces as indicated on Drawings. 
	.2 Fit insulation tight to electrical boxes, plumbing and heating pipes and ducts, around exterior doors and windows and other projections or openings. 
	.3 Cut and trim insulation neatly to fit spaces.  Butt joints tightly, offset vertical joints.  Use only insulation panels free from ripped backs or chipped or broken edges. 
	.4 Install materials in accordance with Manufacturer's instructions. 
	.5 Do not cover insulation until it has been reviewed by Contractor Administrator. 

	Installation - Insulation 
	.1 Apply adhesives to substrate at rate recommended by Manufacturer. 
	.2 Fix insulation clip type fasteners on substrate, 2 per 600 x 1200 mm (24" x 48") board minimum.  Impale insulation board on insulation clips, butting all joints firmly together and secure with washers, cut off spindles 3 mm (1/8") beyond washer. 
	.3 Leave insulation board joints unbonded over line of expansion and control joints.  Bond a continuous 150 mm (6") wide 6 mil polyethylene strip over joint using compatible adhesive prior to application of insulation. 
	.4 Supply and install flexible insulation of equivalent thickness and thermal insulation to fit areas where application of rigid insulation is not possible to provide continuous coverage. 
	.5 Perimeter Insulation:  Install insulation boards on exterior face of perimeter foundation walls.  Apply with adhesive or cement mortar mix. 
	.1 Protect entire face of insulation exposed to back-fill with light weight cement boards. 

	.6 Concrete Slab Insulation:  Lay insulation boards where shown. 
	.1 Under Slab Application:  Ensure fill is level and properly compacted prior to placing insulation. 

	.7 Installation - Batt or Roll Insulation 
	.1 Fit batt between framing and press firmly into place.  Butt tightly at joints, free of gaps. 
	.2 Insulate behind pipes, ducts, electric conduits and outlets or junction boxes.  Cut insulation to fit around and behind obstructions and non standard spaces. 


	3.4 Installation - Lightweight Cement Board 
	.1 Fasten cement boards to support structure with appropriate screws at every 200 mm (8’’), and at a minimum edge distance of 10 mm (3/8").  Drive screws so that screw heads are flush with board surface without damaging the fibreglass mesh facing.  Ensure that the boards are well attached and that they are in continuous contact with the support. 
	.2 Install 50 x 50 mm (2” x 2”) 20 gauge galvanised steel corner casing bead at interior and exterior corners, using concealed fasteners. 
	.3 Do not attach other work directly to cement boards. 
	.4 Do not impede drainage of the system.  Do not create water back-ups. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Installers:  Skilled mechanics having minimum five (5) years experience in the Work specified and having an understanding of the design principles of air barrier. 
	.2 Installation:  Maintain continuity of air barrier at interface with adjacent construction and at where work of other Sections project through the air barriers.  Allow for expansion and contraction and linear movement of these items. 
	.3 Pre-installation meeting:  Before commencing the work of this Section, arrange a Site meeting attended by the Contractor, the Contract Administrator, and the material Manufacturers' qualified representative.  Discuss surface conditions, application procedures, suitability of materials and alternative recommendations. 

	1.2 Submittals 
	.1 Samples:  Two 150 x 150 mm (6" x 6") samples of sheet air barriers. 

	1.3 Delivery, Storage, and Handling 
	.1 Deliver materials in factory wrapped rolls with labels indicating manufacturer and trade name, material type, thickness, roll width and area. 
	.2 Protect materials from direct exposure to sunlight and physical damage. 

	1.4 Coordination 
	.1 Coordinate installation of sheet air-vapour barrier with work of other Sections to achieve an air and vapour tight building envelope. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Air/Vapour Barrier Membrane:  1 mm (40 mils) thick modified bituminous composite sheet, Perm-A-Barrier by W.R. Grace Co. of Canada Ltd., Blueskin SA by Bakor Inc., Air-Shield by WR Meadows, or Sopraseal Stick 1100 by Soprema, complete with primer, mastic and liquid membrane as required. 


	3. EXECUTION 
	3.1 Installation - Air Barrier Membrane 
	.1 Install the membrane in strict accordance with the Manufacturer's written instructions and the representative's on Site instructions. 
	.2 Ensure complete coverage of and adhesion to all substrate to receive the air/vapour barrier membrane, including all wall protrusions.  Extend membrane 150 mm (6") below sill plates at foundation walls.  Co-operate with other Sections to ensure continuity of the barrier. 
	.3 Apply the membrane to primed substrate in 2400 mm (8') lengths or as recommended by the membrane Manufacturer. 
	.4 Apply membrane so that horizontal joints overlap with the upper sheet over the lower sheet, shingle style.  Lap all horizontal joints minimum 50 mm (2") all side joints minimum 64 mm (21/2") and all end joints minimum 150 mm (6").  Stagger vertical joints to avoid four way joints. 
	.5 Apply a trowelled head of mastic to all terminations of the membrane at the end of a day's work and at membrane terminations. 
	.6 Reinforce all inside and outside corners with a continuous 300 mm (12") wide sheet membrane prior to installing the air/vapour barrier. 
	.7 Fill gaps and joints with liquid membrane and reinforce with a continuous 300 mm (12") wide sheet membrane prior to installing the air/vapour barrier. 
	.8 Use liquid membrane at all protrusions and difficult detail areas and provide a minimum 64 mm (21/2") overlap with the sheet membrane. 
	.9 Apply air/vapour barrier so that the exterior wall is air tight, with air tight junctures at openings, penetrations, and edges. 
	.10 Inspect air/vapour barrier for continuity immediately prior to installation of insulation.  Do not cover the air/vapour barrier until it has been inspected. 
	.11 Repair punctures, rips and tears with pieces of membrane completely adhered to the damaged membrane. 
	.12 Where punctures and tears are extensive, replace entire damaged section. 
	.13 Install membrane over doors, windows, and other openings to exterior walls. 
	.14 At openings, extend membrane 200 mm (8") beyond jambs, heads and sills. 
	.15 Use mastic or fixing bars to adhere membrane to windows, doors etc. to maintain continuity of the barrier. 

	3.2 Inspection 
	.1 Do not cover any portion of the air-vapour barrier until it has been inspected by the Contract Administrator or by an inspection agency appointed by the Contract Administrator. 
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	1. GENERAL 
	1.1 Performance Requirements 
	.1 Expansion and Contraction:  Design work to accommodate expansion and contraction within design temperature range. 
	.2 Design Wind and Temperatures:  In accordance with requirements of the governing building code. 
	.3 Deflection:  Maximum L/240 of clear span at design loads. 
	.4 Design work to maintain profile specified. 

	1.2 Quality Assurance 
	.1 Installer:  Trained and approved by the manufacturer and having a minimum five (5) years experience in the installation of the work described in this Section and can show evidence of satisfactory completion of projects of similar size, scope and type. If requested, provide a letter of certification from the Manufacturer stating that the installer is a certified applicator of its products, and is familiar with proper procedures and installation requirements required by the Manufacturer. 
	.2 Maintenance Seminars:  Provide, to the City, training seminars and recommendations on product maintenance procedures. 
	.3 Pre-Installation Meeting:  Two (2) weeks prior to commencing work of this Section, arrange for Manufacturer's Technical Representative to visit the Site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.4 Manufacturer’s Site Inspection:  Have the Manufacturer’s Technical Representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 
	.5 Source Limitations:  Obtain each type of product from a single manufacturer. 

	1.3 Submittals 
	.1 Samples:  Duplicate 50 x 75 mm (2” x 3”) samples of each type of cladding material, in colour and profile specified. 
	.2 Shop Drawings:  Clearly indicate type of metal cladding being supplied, surface finish, type and thickness of insulation, thicknesses of metal cladding components, size, spacing and location of structural supports, Z bars and sub-girts, connections, types and locations of fastenings.  Indicate provisions for structural and thermal movement between metal cladding and adjacent materials. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Roll Formed Metal Cladding Panel:  Sheet steel coil coated to ASTM A755, galvanized by the hot dip process to ASTM A653M, Z275.  Prefinish sheet to meet or exceed requirements of Baycoat Metallic Series, colour to match UC51131XL Bright Silver Metallic by PPG, apply colour on top side only. 
	.2 Aluminium Plate Cladding Panels:  Prefinished, plate aluminium alloy 3105-H14 or 3003 H14, minimum 3.2 mm nominal thickness, reinforced, corners welded and ground smooth.  Prefinish exposed to view aluminium surfaces in high performance fluoropolymer metallic finish, colour to match UC50958XL Silver Gray Metallic by PPG. 
	.1 High performance fluoropolymer finish:  AA-C12C40R1x, chemical finish:  cleaned with inhibited chemicals; chemical finish:  conversion coatings; organic coating:  Manufacturer's standard three coat, thermocured system consisting of specially formulated inhibitive primer, fluoropolymer color coat, and clear fluoropolymer topcoat, with both color coat and clear topcoat containing not less than 70% polyvinylidene fluoride resin by weight.  Prepare, pretreat, and apply coating to exposed metal surfaces to comply with AAMA 2605 and with coating and resin manufacturers' written instructions. 

	.3 Metal Liner:  L800 by Vic-West, of suitable core thickness hot dipped galvanized steel. 
	.4 Flashings, Trims and Closures:  Steel core thickness and finish to match siding.  Inside corners, outside corners, cap strip, drip cap, undersill trim, starter strip and window/door trim of same material and colour as cladding, with fastener holes pre punched. 
	.5 Girts, Z members, Clips and Brackets:  CAN/CSA G40.21, Grade 300W of required core steel thickness to meet design requirements, hot dipped galvanized after fabrication to CSA G164, thermally broken girts and Z members. 
	.6 Fasteners:  Non-corrosive concealed fasteners of stainless steel, aluminium or cadmium plated steel, as recommended by the manufacturer.  Where exposed fasteners are required, provide fasteners in colours matching cladding work. 
	.7 Sealant:  CAN/CGSB-19.24, Dymeric by Tremco Ltd. or approved equal. 
	.8 Backer rod:  Non-absorbent, non-gassing, closed cell polyolefin foam, over sized 25%. 
	.9 Wall Insulation:  CAN/ULC S701 Type 3, expanded, extruded polystyrene board insulation, minimum compressive strength of 170 kPa (25 psi) at 10% deformation or yield; square edges; unfaced, Styrofoam Cavitymate Ultra by Dow Chemical of Canada Ltd. 
	.10 Insulation Adhesive:  Compatible with wall insulation and approved by insulation manufacturer. 

	2.2 Fabrication 
	.1 Co-ordinate and verify at the Job Site dimensions affecting work of this Section.  Ensure suitability of adjacent building components in relation to work of this Section. 
	.2 Accurately fit joints and intersecting members to true planes, adequately and securely fastened and made completely water and weathertight.  Component fastening devices shall be of adequate strength and concealed, except as specified otherwise. 
	.3 Fabricate work to profiles and sizes indicated complete with rabbets, interlocks, flashings, cappings, trim, filler sections as required to interface with work of other Sections.  Make provisions for thermal and structural movements. 
	.4 Fabricate all devices required for erection and adequate anchorage and attachment required to be built into or attached to substrate and framing members for proper support. 
	.5 Accurately cut and form flashing true and straight without waves or buckles.  Make adequate provision for thermal movement and make joints watertight. 
	.6 Reinforce work to meet specified requirements and prevent undue deflection.  Provide concealed corrosion resistant fastening and continuous formed prefinished cleats. 


	3. EXECUTION 
	3.1 Installation - General 
	.1 Install cold rolled structural girts and other members required to support work of this Section except as otherwise shown on Drawings. 
	.2 Install work in accordance with Manufacturer's written instructions, plumb with intersecting parts joined together to provide tight, accurately fitted joints with adjoining surfaces in true planes.  Attach components in manner not restricting thermal movement. 

	3.2 Installation 
	.1 Lay a ribbon of sealant on the face of the support at top and bottom of wall panels and around perimeter of openings.  Line up and adjust interior liner sheets, press tightly against sealant and seal all vertical joints to form an air/vapour seal between liner and structural supports. 
	.2 Fasten Z members and girts through liner sheets to structural supports with self-tapping screws at 300 mm centres and to suit loading requirements. 
	.3 Install insulation on liner sheets with adhesive.  Butt each board against adjacent boards, with joints staggered.  Fit neatly with tight joints around obstructions, openings and corners.  Fill voids behind flashings and trim with neatly cut blocks of insulation. 
	.4 Fasten cladding to Z members and girts with concealed fasteners where possible and at spacings to suit loading requirements.  Ensure complete nesting of exterior siding sheets on Z members and girts and sealed side lap joints. 
	.5 Align units end-to-end to provide accurate fit with corresponding sections parallel and straight.  Keep exposed fasteners to a minimum.  Maintain minimum end overlap of 50 mm (2”) and locate directly over supports. 

	3.3 Installation - Flashing, Closure, Trim, and Accessories 
	.1 Cut and flash openings for louvres, doors, windows and the like.  Supply and install all necessary closures, flashings, gutter, downspouts, drips and trims, sealed to stop direct weather penetration. 
	.2 Install soffit and fascia cladding as indicated. 

	3.4 Sealing 
	.1 Seal junctions with adjoining work with sealant.  Apply and cure sealant in accordance with Manufacturer's instructions. 
	.2 Use backer rod to maintain correct sealant width/depth ratio as recommended by the sealant Manufacturer. 
	.3 Apply sealant in continuous beads, using gun with proper size nozzle and sufficient pressure to fill voids and joints solid. 
	.4 Form surface of sealant with full bead, smooth, free from ridges, wrinkles, sags, air pockets, embedded impurities. 
	.5 Tool exposed surfaces to give slightly concave shape. 
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	1. GENERAL 
	1.1 System Description 
	.1 Concrete Deck:  2 ply SBS modified bituminous sheet roofing work, including but not limited to following: 
	.1 Concrete deck. 
	.2 Vapour barrier. 
	.3 Roof insulation. 
	.4 Tapered insulation 
	.5 Insulation overlay. 
	.6 Base sheet membrane. 
	.7 Cap sheet membrane. 
	.8 Base and cap sheet flashings. 
	.9 Roof walkways. 


	Quality Assurance 
	.1 Perform work using skilled and experienced roofing mechanics fully conversant with standards, methods and techniques required for installation of roofing system specified herein.  Ensure roofer is qualified and approved by membrane manufacturer. 
	.2 Conform to CRCA Specification Manual as amended to date of this Specification, as applicable, except where indicated or specified otherwise. 
	.3 Pre-installation meeting:  Two (2) weeks prior to commencing work of this Section, arrange for Manufacturer's technical representative to visit the Site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.4 Manufacturer’s Site inspection:  Have the Manufacturer’s technical representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the Work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 

	Submittals 
	.1 Shop Drawings:  Reviewed and signed by Manufacturer's technical representative, showing method of installation and layout of each layer, fastening and flashings at edges, flashing of protrusions and penetrations, connection to air barrier in wall, details of insulation, tapered insulation layouts and vapour barrier. 
	.2 Maintenance Data:  Provide necessary maintenance data and repair instructions, recommendations for periodic inspections, care and maintenance.  Identify common causes of damage with instructions for temporary patching until permanent repair can be made. 

	Delivery, Storage, and Handling 
	.1 Deliver and store materials in dry location, in original containers with Manufacturer's wrappers and seals intact. 
	.2 Keep membrane materials dry, stored in rolls standing on end, selvage edge up, elevated from contact with moisture, at temperatures not less than 5°C or more than 49°C.  Handle rolls with care to avoid crushing, puncturing or other damage.  Ensure selvage edge is not damaged during handling and banding strips are removed before application of membrane.  Do not use wet or damp membrane. 
	.3 Do not expose insulation and sheathing to wet weather.  Store and handle insulation to prevent broken edges and corners, punctures, indentations or other damage.  Remove damaged insulation from Site. 
	Protect sheet metal materials from bending and scratching. 
	.5 Store adhesive, sealants and primers between 15°C and 26°C, or restore to temperature ranges before use. 
	.6 Store combustible materials away from heat and open flames. 

	1.5 Extended Warranty 
	.1 Provide membrane Manufacturer's ten (10) year non-prorated material, labour, and workmanship warranty, commencing from date of Total Performance, covering defects and deficiencies and weather tightness of complete roof and flashing system. 

	2. PRODUCTS 
	2.1 Materials - Roof And Flashing 
	.1 Roofing and Flashing Base Sheet Membrane:  CGSB 37-GP-56M, Type 2, Class C, Grade 1 or 2, minimum 3.0 mm (1/8”) thick, non-woven polyester reinforcement and thermofusible elastomeric asphalt, thermofusible plastic film top and bottom face, applied by torching only, Sopralene Flam 180 by Soprema Waterproofing Inc., ModifiedPlus NP180P/P by Bakor Inc., or Torchflex TP-180-FF-Base by IKO Industries Ltd. 
	Roofing and Flashing Cap Sheet Membrane:  CGSB 37-GP-56M, Type 1, Class A, Grade 2, minimum 3.5 mm (0.138") thick, non-woven 250 g/m2 polyester reinforcement and thermofusible elastomeric asphalt, coloured ceramic or mineral granules top face and thermofusible plastic film bottom face, applied by torching only,  Sopralene Flam 250Gr by Soprema Waterproofing Inc., ModifiedPlus NP250gT4 by Bakor Inc., or Torchflex TP 250 Cap by IKO Industries Ltd.  Standard colour ceramic or mineral granules. 
	Roof Walkways:  CGSB 37-GP-56M, Type 1, Class A, Grade 2, be minimum 3.5 mm (0.138") thick, non-woven 250 g/m2 polyester reinforcement and thermofusible elastomeric asphalt, coloured ceramic or mineral granules top face and thermofusible plastic film bottom face, and be applied by torching only,  Sopralene Flam 250Gr by Soprema Waterproofing Inc., or ModifiedPlus NP250gT4 by Bakor Inc., or Torchflex TP-250-Cap by IKO Industries Ltd.  Standard colour ceramic or mineral granules. 

	2.2 Materials - Insulation 
	.1 Roof Insulation:  CAN/ULC S-701 Type 3, expanded, extruded polystyrene board insulation, ship lapped edges, unfaced, Deckmate Plus by Dow Chemical Canada Inc. 
	.2 Tapered Insulation:  CAN/ULC S701, Type 2; CFC and HCFC free, unfaced expanded polystyrene insulation, maximum length and width, square edge, taper cut to provide slopes indicated, on computer controlled machine and sequence packed with detailed installation instruction, minimum 13 mm(1/2”) thick. 
	.3 Insulation Overlay:  6 mm (1/4”) thick board, mineral filled asphalt core between glass fibre facers, Re-Cover Board by Bakor, Sopraboard by Soprema or Protectoboard by IKO. 
	.4 Insulation adhesive: As recommended by insulation manufacturer. 

	2.3 Materials – Metal Flashing 
	.1 Sheet Metal:  Minimum 0.49 mm (26 ga) overall thickness, galvanized to ASTM A653 Z275 zinc coating, commercial quality sheet, stretcher levelled or temper rolled to stretcher level standard of flatness.  Prepaint work in Baycoat Metallic series, colour to match UC52061XL Concord Blue Metallic by PPG. 
	.2 Aluminium Flashing And Trim Sheet Metal:  Prefinished aluminium, 0.8 mm base metal thickness, colour to match UC52061XL Concord Blue Metallic by PPG. 
	.3 Cleats and Starter Strips:  Same as specified sheet metal, unless indicated otherwise, make cleats at least 38 mm (11/2") wide and interlocked with metal flashing. 
	.4 Flashing Fasteners:  CSA B111 Table 12, finished to match metal being fastened where exposed to view.  Size and type to suit requirements.  
	.5 Sealant:  CAN/CGSB 19.13-M, Class M 2 25 B N, one component polyurethane, or Manufacturer's approved products. 

	2.4 Materials - Accessories 
	.1 Asphalt primer:  CGSB 37 GP 9Ma or as approved by Manufacturer. 
	.2 Asphalt:  CSA A123.4-M; Type 2 or Type 3. 
	.3 Vapour Retarder:  CSA A123.3-M, No. 15 perforated, organic type felt. 
	.4 Joint Reinforcement:  0.8 mm (0.031”) thick, self-adhering, SBS modified bitumen membrane with a high density cross laminated polyethylene film, VaporBloc SA by Bakor or Sopravap’r by Soprema.  Complete with primer, liquid member and mastic. 
	Precast Pavers:  CSA A231.2, precast concrete pavers, smooth faced 600 x 600 x 45 mm (24" x 24" x 13/4") thick of steam cured 30 MPa concrete with between 4% and 6% entrained air, with edges chamfered. 
	.6 Pedestals:  Black plastic mouldings, complete with spacers, sized to suit pavers. 


	EXECUTION 
	3.1 Inspection 
	.1 Report any defects or irregularities in roof deck detrimental to roof application.  Do not proceed until corrected. 
	.2 Allow concrete deck to cure for minimum thirty (30) calendar days before placement of any roofing materials. 
	.3 Check deck is properly installed in compliance with latest CRCA recommendations and Specifications, with required slopes to attain positive drainage and drains are connected. 
	.4 Ensure openings, walls and projections through deck are completed and affixed and reglets and nailing strips are in place prior to membrane installation. Cooperate with mechanical and/or electrical divisions as necessary. 
	.5 Ensure deck substrate scheduled to receive roof system is smooth, dry, clean and free of sharp projections. 

	Preparation 
	.1 Apply 300 mm strips of continuous joint reinforcements, centred over joints of precast concrete slabs. 
	.2 Sweep roof surfaces clean, remove debris, water, dew, frost, snow, ice and foreign materials (oil/grease) which could impair work. 
	.3 Do not use salt or calcium to remove ice or snow. 
	.4 Do no roofing work during rain, fog, sleet or snow, or upon surfaces covered with dust, water, dew, ice, frost, snow, and similar detrimental conditions. 

	3.3 Protection 
	.1 Protect adjacent work, building and property, existing and completed portion of roof, from damage during roofing operations. 
	.2 Hang tarpaulins to protect walls where hoisting is necessary.  Locate kettles so smoke will not discolour building or adjacent buildings or enter air intakes.  Keep masonry and finished surfaces clean and free of bitumen. 
	.3 Use wood planks or minimum 9 mm (3/8") thick plywood sheathing in work areas and along work routes as required to prevent damage to steel deck, or sheathing and roofing. 
	.4 Keep two (2) foam or dry type fire extinguishers on roof within easy access of torching application and in any open flame location while roofing is in progress. 
	.5 Verify no vent pipes venting flammable fumes (i.e. fuel storage tanks) are located in area of work. 
	.6 Do not have gasoline or other flammable solvents on roof while torching. 
	.7 Install temporary blocking and/or otherwise protect drains during roofing operations.  Remove at completion of roofing work. 
	.8 At conclusion of each day's work, seal exposed edges of roof insulation. Remove when resuming work. 
	.9 Do not torch over or near flammable substrates such as fibreboard. 

	Cold Weather Application 
	.1 Remove moisture from substrate before application of membrane. 
	.2 Daily weather forecasts shall be followed to determine commencement of work or to anticipate possible suspension. 
	.3 At temperatures below 10°C, store membrane material in warm and dry storage until ready to use.  Bring out to work area only enough rolls for immediate use. 
	.4 Unroll membrane and allow roll to relax in sunlight for 30 to 45 minutes before application.  Reroll from both ends and apply in both directions. 
	.5 Maintain mopping temperatures of asphalt at minimum 204°C.  Limit mop strokes to 1200 mm (48") ahead of roll. 
	.6 Before starting mop stroke, pull roll tightly against cooled asphalt, so as to eliminate any air pockets or voids that may have occurred during previous mop stroke. 

	Installation 
	.1 General:  Use only roofing equipment approved by Manufacturer of roofing membrane system. 

	Installation - Primer 
	.1 Prime concrete deck with asphalt primer in manner approved by primer manufacturer, at minimum rate of 0.50 l/ m2 (1 gal/300 ft2). 
	.2 Apply primer to surfaces to which membrane or vapour barrier shall be adhered to directly.  Allow primer to cure.  Do not allow ponding. 

	Bitumen 
	.1 Heat asphalt in accordance with manufacturer's directions.  Never heat asphalt to or above Flash Point (FP) indicated by manufacturer, but in any case do not heat asphalt to or above 260°C. 
	.2 Do not apply at temperature lower than EVT (Equiviscous Temperature). Restrain asphalt temperature at point of application to EVT plus/minus 15°C. 
	.3 Do not heat and hold asphalt above Finish Blowing Temperature (FBT) for more than four (4) hours. 
	.4 Use heating kettles equipped with thermometers which continually show temperature of asphalt.  Equip foreman with portable stem thermometer for checking temperature at point of application. 
	.5 Roofing Asphalt:  Type 2 for slopes up to 1:16 and Type 3 for slopes greater than 1:16. 

	Vapour Retarder 
	.1 General:  Install vapour retarder full coverage and continuously, overlapped and sealed to adjacent air/vapour barrier at top of parapets and curbs to ensure continuity of building envelope. 
	.2 Mop prime deck with uniform and continuous coating of asphalt.  Roll felt in hot mopped asphalt, lapping each sheet 480 mm (19") over preceding sheet and mopping full 480 mm (19") under each lap leaving no area unmopped.  Use 1.2 kg/m2 (25 lb/sq) of asphalt per ply.  Seal lap joints. 

	Installation - Insulation 
	.1 Before laying any insulation, inspect vapour barrier and repair damage, if any.  Ensure surface is free of wrinkles, air pockets, fishmouths or tears. 
	.2 Over vapour barrier apply full mopping of asphalt at minimum rate of 1.0 kg/ m2 (20 lb/sq) and embed insulation. 
	.3 Lay roof insulation in hot asphalt.  Bring each board into moderate contact with adjacent boards and do not force into place. 
	.4 Cover entire area of base insulation with tapered insulation.  Lay in accordance with Manufacturer of tapered insulation's Shop Drawings, with joints staggered from insulation joints.  Lay each layer in full mopping of hot asphalt. Tape joints in top layer of insulation. 
	.5 Cover entire area of tapered insulation with overlayment.  Stagger joints of lower overlayment to those of tapered insulation.  Stagger joints upper overlayment to those of lower overlayment.  Lay work in full mopping of asphalt. 
	.6 Where insulation and overlayment abut irregular surface, scribe to profile thereof, elsewhere cut insulation square and neatly to provide plain butt joints at perimeter of insulation, at curbs and other vertical objects and surfaces. 
	.7 Lay only as much roof insulation and overlayment that can be covered on same day with roofing membrane.  At conclusion of day's work, seal exposed edges.  Upon resumption of work, cut and remove sealed edges, square, neat and straight. 
	.8 Reduce thickness of insulation at drains by 13 mm (1/2") for 1200 mm (48") square centred on each drain to ensure free flow to drain. 
	.9 Keep insulation, tapered insulation and insulation overlay dry at all times. 

	Base Sheet Membrane 
	.1 Ensure membrane substrate is rigid, dry, smooth, compatible, free of fins and sharp edges, and clean of debris and foreign matter and no moisture is present on substrate at time of application of membrane. 
	.2 Start roofing application at lowest point of roof (edge or drain) to ensure water flows over laps of membrane.  Proceed up slope at right angles to direction of flow. 
	.3 Position and unroll membrane to achieve correct overlap and alignment with roof line.  Re roll one end minimum 3000 mm (10') and adhere to substrate.  Complete application of remainder of sheet. 
	.4 Torch weld base sheet membrane by sufficiently heating lower surface of membrane evenly across width of roll to melt lower surface and provide flow of bitumen.  At same time unroll roofing membrane into melted bitumen.  Keep checking adhesion to be certain asphalt is hot enough.  Take care and inspect so heating is even across width to avoid skips or voids. 
	.5 Lay base sheet with 75 mm (3") side laps and 150 mm (6") end laps. 
	.6 Flow out bead shall be present at all locations along lap edges. Avoid excessive asphalt seepage.  Maximum seepage allowed 6 mm (1/4"). 
	.7 At walls and vertical surfaces, extend membrane minimum 50 mm (2") on vertical surface and nailed at 300 mm (12") on centres. 

	Base Sheet Flashings 
	.1 Apply base sheet flashing over dried and cured primer coat. 
	.2 Pre-cut flashing in strips 1 m (39") wide to correct length to extend minimum 100 mm (4") onto field of roof, up vertical surface and over any fascia minimum 50 mm (2").  Side laps shall be 75 mm (3") and staggered minimum of 100 mm (4”) with laps of base sheet.  Dry fit pieces to proper size. 
	.3 Provide base flashing reinforcements at stress points of roof, at inside and outside corners, vents, drains and mechanical units.  Install as detailed on Drawings or follow membrane Manufacturer's recommendations. 
	.4 Provide base flashings at roof protrusions such as vents pipes, roof drains, mechanical equipment curbs.  Install as detailed on Drawings. 
	.5 Torch apply base sheet flashing directly on its support from bottom to top.  Torch welding shall soften under side of base sheet without overheating, resulting in uniform adhesion over entire surface.  Take precaution not to stretch membrane.  When allowed by support, nail top edge of base sheet flashing 300 mm (12") oc. 

	Cap Sheet Membrane 
	.1 Do not apply cap sheet until base sheet and flashing have been applied and show no sign of defects. 
	.2 Plan cap sheet application so side and end laps are offset from those of base sheet minimum 300 mm (12") for side and 450 mm (18") for end laps.  Mark chalk line, centred on base sheets, where first course is to start.  Unroll 2 to 3 m (6' to 9') of membrane and line it up to chalk lines or to selvage edge.  If roll goes out of line by more than 13 mm (1/2"), cut and re align.  Re-roll from both ends and apply in both directions. 
	.3 Lay cap sheet with 75 mm (3") side laps to cover selvage edge and 150 mm (6") end laps. 
	.4 Commence application of cap sheet with 1 m2 (39") of cap sheet centred on each drain and torched down. 
	.5 Apply 1 ply of cap sheet granule side up.  Position and unroll cap sheet to achieve correct overlap and alignment.  Re-roll one end minimum 3000 mm (10') and adhere to substrate.  Complete application of remainder of sheet.  Torch weld by sufficiently heating lower surface of membrane evenly across width of roll to melt lower surface and provide flow of bitumen.  At same time unroll roofing membrane into melted bitumen.  Keep checking adhesion to be certain asphalt is hot enough.  Take care and inspect so heating is even across width to avoid skips or voids.  Install cap sheet in same direction as base sheet. 
	.6 Flow out bead shall be present at all locations along lap edges.  Avoid excessive asphalt seepage.  Maximum seepage allowed 6 mm (1/4"). 
	.7 Take great care to ensure asphalt does not spread out over exposed part of cap sheet. 
	.8 Factory provided granules shall be applied to overflow bitumen at lap before bitumen cools to provide clean appearance. 
	.9 Bevel "T" joints at end or head laps and repair fishmouths using torch heated trowel. 
	.10 Cut out drain opening after drain clamps have been installed. 

	Cap Sheet Flashings 
	.1 Pre-cut flashing in strips 1 m (39") wide to correct length to extend minimum 150 mm (6") onto field of roof, up vertical surface and over any fascia minimum 50 mm (2").  Side laps shall be 75 mm (3") and staggered minimum of 100 mm (4") with laps of base sheet.  Dry fit pieces to proper size. 
	.2 Using chalk line, lay out straight line on cap sheet surface, parallel to roof edge, 150 mm (6") inside roof from parapet wall. 
	.3 Soften bitumen by heating mineral surface with torch. When granules start to sink into bitumen, stop torching with hot round nosed trowel, embed granules in bitumen from chalk line to edge of cap sheet. 
	.4 Torch apply cap sheet completely covering base sheet, lapping edges to selvage.  Torch welding shall soften under side of base sheet without overheating, resulting in uniform adhesion over entire surface.  Press in firmly for proper adhesion.  Continue by bonding upper portion to wall, taking precautions not to stretch membrane. 
	.5 Anchor, with tin capped nails or roofing nails and disks or membrane manufacturer's recommended fasteners placed at top of flashing and driven into wood backing. 
	.6 Flow out bead shall be present at all locations along lap edges.  Avoid excessive asphalt seepage.  Maximum seepage allowed 6 mm (1/4"). 
	.7 Take great care to ensure asphalt does not spread out over exposed part of cap sheet flashing. 
	.8 Factory provided granules shall be applied to overflow bitumen at lap before bitumen cools to provide clean appearance. 

	Sheet Metal Work 
	.1 Do not install metal flashings until membrane flashings have been reviewed by Contract Administrator. 
	.2 Prime metal flashings with asphalt primer. 
	.3 Double back exposed edges at least 13 mm (1/2") for appearance and stiffness. 
	.4 Provide continuous starter strips to present true, leading edge.  Anchor to backup to provide rigid, secure installation.  Conceal fastening. 
	.5 Counterflash modified bitumen flashings as indicated.  Dovetail, mitre corners. 
	.6 Use slip expansion seams.  Make joints to permit thermal movement.  Make surfaces free from buckling, warp, wave, dents, oil canning or other defects.  Make corners square and surfaces straight and in true planes.  Equally space joints in any one run of flashing to suit building module or window spacing and in all cases locate in consultation with Contract Administrator before installation commences.  Space seams 2400 mm (8') oc maximum or closer if indicated. 
	.7 Obtain Contract Administrator's acceptance of exposed fastenings.  If exposed screws or bolts are used, use lead or neoprene washers with them.  
	.8 Close lock seams gently with wood block and mallet, apply sealant to joints. 

	Roof Walkways 
	.1 Remove loosely embedded granules from cap sheet in areas to receive walkways. Prime cap sheet area to which roof walkways will be applied.  
	.2 Apply walkways in 900 x 900 mm (36" x 36") sections spaced 25 mm (1") apart to prevent ponding of water.  Ensure walkways do not hinder drainage patterns of roofing system. 
	.3 Torch apply walkways membrane to roof cap sheet.  Sufficient heat should be applied to melt lower surface of roof walkways membrane and provide flow of bitumen.  At same time unroll membrane into melted bitumen. Ensure flow out bead is present at all locations along lap edges.  Maximum seepage allowed 6 mm (1/4"). 
	.4 At roof perimeters and/or where indicated on Drawings, place precast concrete pavers spaced 13 mm (1/2") apart on pedestals.  Shim pavers level using pedestal Manufacturer's shimming system. 

	3.16 Expansion Joints 
	Expansion Joints:  Construct expansion joints within roof construction in locations indicated on Drawings. 

	Field Quality Control 
	.1 Inspection:  City may engage independent inspection company to inspect work of this Section.  Give at least fourteen (14) calendar days’ notice of starting work and allow inspector free access.  Inspection may include thermographic survey of completed roof. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Roof hatches to withstand snow load, wind uplift and temperature range as required by building code without damage to unit or permanent deformation to seals, and without damage to roofing. 

	1.2 Shop Drawings 
	.1 Shop Drawings:  Indicate size and description of components, materials, attachment devices, description of frame and finish, and construction details. 
	.2 Maintenance Data:  Complete with pertinent details, spare parts lists and warnings against harmful maintenance materials and practices. 

	2. PRODUCTS 
	2.1 Manufacturer 
	.1 Specified Products:  Work of this Section is based on specified products.  Products by other manufacturers similar in function, design, performance, and construction complying with requirements of this Section may be incorporated into the Work subject to Contract Administrator’s acceptance. 

	2.2 Materials 
	.1 Sheet Aluminium:  Mill finish plain utility sheet. 
	.2 Extruded Aluminium:  AA6063-T5 alloy, all components one piece without splices. 
	.3 Gaskets:  Extruded resilient neoprene, with full recovery after 50% compression. 
	.4 Fasteners:  Screws to manufacturers standard, stainless steel. 
	.5 Sealants:  Multi component, Dymeric by Tremco. 
	.6 Isolation Coating:  Alkali resistant bituminous paint or epoxy solution. 

	2.3 Roof Hatches 
	.1 Insulated, weathertight, capable of supporting a minimum live load of 195 kg/sq.m. (40 psf) with maximum deflection of L/150 and resist an 100 kg/m2 (20 psf) wind uplift.  Cover operation smooth and controlled and unaffected by change in temperature range expected at the Place of the Work. 
	.1 Ladder Access Hatch:  Single leaf, Type S by Bilco, or R-100 by Lexcor. 
	.2 Equipment Access Hatch:  Single leaf, aluminium, Type D by Bilco. 

	.2 Cover:  11 gauge mill finish aluminium, reinforced, insulated, extruded EPDM rubber gasket bonded to the cover interior to assure a continuous seal when compressed to the top surface of the curb. 
	.1 Cover Insulation:  25 mm thick mineral fibre, fully covered and protected by metal liner 18 gauge mill finish aluminium. 
	.2 Reinforcing:  Bolt cover hardware into heavy gauge channel reinforcing welded to the underside of the cover and concealed within the insulation space. 
	.3 Hinges:  Heavy duty pintle hinges 
	.4 Latch:  Two point spring latch with interior and exterior turn handles.  Latch strike bolted to curb assembly. 
	.5 Padlock Hasps:  Interior and exterior padlock hasps. 
	.6 Hold Open Arm:  Equip cover with an hold open arm which automatically locks the cover in the open position. 

	.3 Curb:  300 mm high of same material as cover, and insulated with mineral fibre insulation.  Form curb with a 90 mm (31/2”) flange with 11 mm (7/16”) holes for securing to the roof deck.  Equip curb with integral fully welded metal cap flashing of the same gauge and material to roofing membrane securely in place. 
	.4 Lifting Mechanisms:  Compression spring operators enclosed in corrosion resistant composite telescopic tubes controlling cover operation throughout the entire arc of cover upward motion and acting as a check in retarding cover downward motion when closing.  Interlock lower tube with a flanged support shoe securely welded or through bolted to curb assembly. 
	.1 Springs:  Electrocoated acrylic corrosion resistant finish. 


	2.4 Accessories 
	.1 Safety Post:  Telescoping tubular hot dip galvanized post, self locking when fully extended, up and down movement controlled by stainless steel spring balance, designed for installation to fixed ladders below hatch covers, complete with mounting fasteners, LU-2 LadderUP by The Bilco Company. 

	2.5 Fabrication 
	.1 Fabricate components free of twists, bends, or visual distortion and insulated.  Weld corners and joints. 
	.2 Ensure continuity of weather-tight seal. 
	.3 Design flashings to collect and lead off accumulated condensation. 
	.4 Zinc plate hardware and attachments and shop prime ready for field painting. 


	3. EXECUTION 
	3.1 Installation 
	.1 Erect hatches and accessories plumb, level and in proper alignment. 
	.2 Ensure water-tightness continuity of roofing systems. 
	.3 Adjust and seal assembly with provision for expansion and contraction of components. 
	.4 Secure curb assembly to structure. 
	.5 Coat metals contact with dissimilar materials, with isolation coating. 
	.6 Secure and seal frame to curb. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Firestopping and smoke sealing shall be by competent installers having minimum five (5) years experience in application of materials and systems being used, approved and trained by material or system manufacturer. 
	.2 Asbestos free firestopping and smoke seal materials and/or systems to provide closures to fire and smoke at openings around penetrations, and at openings and joints within fire separations and assemblies having a fire resistance rating, including openings and spaces at perimeter edge conditions.  System shall provide draft tight barriers to retard passage of flame and smoke, and firefighter's hose stream and passage of liquids.  System shall provide and maintain fire resistance rating of adjacent floor, wall or other fire separation assembly acceptable to authorities having jurisdiction.  Provide firestopping and smoke seals within mechanical (i.e. inside ducts, dampers) and electrical assemblies (i.e. inside bus ducts) respectively and around outside of such mechanical and electrical assemblies where they penetrate rated fire separations. 
	.3 Firestopping and smoke seal materials shall conform to both the temperature and flame ratings of ULC S115 and, where applicable, to ASTM E814, and other requirements of authorities having jurisdiction.  

	1.2 Submittals 
	.1 Submit Shop Drawings indicating ULC assembly number for each condition, required temperature rise and flame rating, hose stream rating, thickness, installation methods and materials of firestopping and smoke seals, damming materials, reinforcements, anchorages and fastenings, size of opening, adjacent materials and number of penetrations. Submit copies of current ULC listings for each system and certified copies of test reports verifying that firestopping and smoke seals meet or exceed specified requirements. 

	1.3 Environmental Requirements 
	.1 Comply with requirements of WHMIS regarding use, handling, storage, and disposal of hazardous materials; and material safety data sheets acceptable to Ministry of Labour. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Certified and listed by ULC or WH in accordance with CAN4 S115 and bearing ULC or WH label, products shall be heat resistant, flexible, durable and compatible with adjacent materials and finishes. System shall be self supporting at penetration capable to adhere and yet maintain its integrity while providing effective barrier against passage of flame, smoke and gases. Product shall provide flame and temperature rating in accordance with  requirements of OBC for openings in respective fire resistance rated floor, wall or other assembly. 
	.2 Firestop Systems:  Certified by ULC, WH and listed in ULC Guide No. 40 U19. 
	.3 Firestop System Components: Certified by ULC, WH and listed in ULC Guide No. 40 U19.13 under the Label Service of ULC. 
	.4 Cementitious Matrices:  Minimum 2758 kPa (400 psi) compressive strength when cured, to retard cable tray warping within the firestop seal. 
	.5 Firestopping and Smoke Seals at Openings Where Reinstallation Occurs: An elastomeric or re useable cementitious matrix or putty seal; do not use a permanent cementitious seal at such locations. 
	.1 Firestopping and smoke seals at openings around penetrations for electrical bus ducts, pipes, ductwork and other electrical and mechanical items requiring sound and vibration control or allowance for expansion, contraction and other movement:  An elastomeric seal; do not use a cementitious or rigid seal at such locations. 
	.2 Firestopping and smoke seals at joints and spaces designed and required to allow movement such as building movement joints, deflection spaces, control joints, expansion joints, and similar locations shall be flexible, elastomeric seal suitable to withstand the required movement and capable of returning to original configuration without damage to seal and without adhesive or cohesive failure; do not use a cementitious or rigid seal at such locations. 
	.3 Primers:  To Manufacturer's recommendation for specific material, substrate, and end use. 
	.4 Water (if applicable):  Potable, clean and free from injurious amounts of deleterious substances. 
	.5 Damming and Backup Materials, Supports and Anchoring Devices:  To manufacturer's recommendations, and in accordance with tested assembly being installed as acceptable to authorities having jurisdiction. 
	.6 Pipe and Duct Insulation and Wrappings:  Compatible with firestopping systems. 
	.7 Intumescent Pads:  Permanently pliable type. 
	.8 Intumescent Composite Sheet:  Composite sheet, strip or precut shapes. 
	.9 Sealants and Putty For Vertical And Overhead Joints: Non sagging. 
	.10 Sealants and fluid seals at floors:  Self levelling. 
	.11 Materials and products shall not cause stress, chemical or physical reaction, or other damage to penetrating items or adjacent materials. 



	3. EXECUTION 
	3.1 Installation 
	.1 Ensure materials and products are compatible with abutting materials, coatings and finishes. Remove applied coatings and finishes as required to permit proper installation and adhesion. 
	.2 Ensure that pipe and duct insulation and wrappings occurring within openings to receive firestopping and smoke seal are installed prior to work of this Section and that insulation and wrapping within fire seals is a ULC listed component of the system to be installed, unless ULC certified assembly permits such other insulation and wrapping to remain within the assembly.  Otherwise, precede installation of mechanical insulations or remove insulation from area of insulated pipe or duct where such pipes or ducts penetrate a fire separation.  Coordinate work of this Section with the work of Division 15, Mechanical.  Ensure the continuity and integrity of thermal and vapour barriers where such are removed, altered, or replaced, acceptable to Division 15 and the City. 
	.3 Apply firestopping and smoke seals in accordance with Manufacturer's instructions and tested designs acceptable to authorities having jurisdiction to provide required temperature and flame rated seal, and to prevent passage of smoke and liquids. 
	.4 Provide temporary forming as required and remove forming only after materials have gained sufficient strength and after initial curing. Completely fill and seal voids with firestopping and smoke seal materials. Do not cover up materials until full curing has taken place. Notify when completed installations are ready for inspection and prior to concealing or enclosing firestopping and smoke seals. 

	3.2 Cleaning 
	.1 Remove excess materials and debris and clean adjacent surfaces immediately after application. Remove temporary dams after initial set of firestopping and smoke seal materials. 
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	1. GENERAL 
	1.1 General Requirements 
	.1 This Section specifies sealing Work not specified in other Sections.  Refer to other Sections for the respective sealant work. 

	1.2 Submittals 
	.1 Samples for Initial Selection:  Provide 150 mm (6”) long cured, colour samples of Manufacturer's standard range of colours in each type of sealant for selection by Contract Administrator.  Submit samples of primer, bond breaker tape and joint backing material, if requested. 
	.2 Product Data: Submit product information from sealant Manufacturers prior to commencement of work of this Section verifying: 
	.1 Selected sealant materials are from those specified. 
	.2 Composition and physical characteristics. 
	.3 Surface preparation requirements. 
	.4 Priming and application procedures. 
	.5 Suitability of sealants for purposes intended and joint design. 
	.6 Test report on adhesion, compatibility and staining effect on samples of materials used in the Work. 
	.7 Sealants compatibility with other materials and products with which they come in contact including but not limited to sealants provided under other Sections, insulation adhesives, bitumens, concrete, masonry, metals and metal finishes, paints. 
	.8 Suitability of sealants for temperature and humidity conditions at time of application. 


	1.3 Quality Assurance 
	.1 Installer:  Trained and approved by the Manufacturer and having a minimum three (3) years experience in the installation of the Work described in this Section and can show evidence of satisfactory completion of projects of similar size, scope and type.  If requested, provide letter of certification from Manufacturer stating that installer is certified applicator of its products, and is familiar with proper procedures and installation requirements required by the Manufacturer. 
	.2 Maintenance Seminars:  Provide, to the City, training seminars and recommendations on product maintenance procedures. 
	.3 Manufacturer’s Site Inspection:  Have the Manufacturer’s Technical Representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the Work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 
	.4 Pre-Installation Meeting:  Two (2) weeks prior to commencing Work of this Section, arrange for Manufacturer's Technical Representative to visit the Site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the Work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.1 Weather conditions under which work will be done. 
	.2 Anticipated frequency and extent of joint movement. 
	.3 Joint design. 
	.4 Suitability of durometer hardness and other properties of material to be used. 
	.5 Recommendations of Manufacturer for mixing of multi-component sealants. 
	.6 Number of beads to be used in sealing operation and priming operation if required. 


	1.4 Delivery, Storage, and Handling 
	.1 Deliver materials in original, unopened containers with Manufacturer’s labels identifying Manufacturer's name, brand name of product, grade and type, application directions and shelf life or expiry date of product. 
	.2 Handle and store materials in accordance with Manufacturer's printed directions. Store flammable materials in safe, approved containers to eliminate fire hazards. 
	.3 Do not use sealing materials that has been stored beyond the maximum recommended shelf life. 

	1.5 Project Conditions 
	.1 Environmental Requirements:  Do not apply any sealant under adverse weather conditions, when joints to be sealed are damp, wet or frozen or when at ambient temperatures below 5°C (40°F).  Maintain minimum temperature of application during application and for eight (8) hours after application.  Consult Manufacturer for specific instructions before proceeding and obtain Contract Administrator's approval. 

	1.6 Extended Warranty 
	.1 Warrant Work of this Section against defects and deficiencies including cracking, crumbling, melting, shrinkage, sag, failure in adhesion, cohesion or reversion, air and moisture leakage, marbling or streaking due to improper mixing, discolouration due to dirt pick-up during curing and staining of adjacent materials. 

	2. PRODUCTS 
	2.1 MATERIALS 
	.1 General:  Non-bleeding, non-migrating, and capable of supporting their own weight. 
	.1 Horizontal Joints:  Self levelling. 
	.2 Vertical and Overhead Joints:  Non-sag. 

	.2 Sealant Type A:  CAN/CGSB-19.13 M, Class MCG-2-25-B-N, one component, chemical curing, urethane base, Sikaflex 1a by Sika, or Dymonic by Tremco. 
	.3 Sealant Type B:  CAN/CGSB-19.24-M, Type 2, Class B, multi-component, chemical curing, modified polyurethane, Sikaflex 2cNS EZ Mix by Sika, or Dymeric 240 by Tremco. 
	.4 Sealant Type C:  One component, chemical curing, mildew resistant silicone, DC786 by Dow Corning, Sanitary 1700 by GE Silicones, or Proglaze by Tremco. 
	.5 Joint Backing:  Preformed, compressible, resilient, non-waxing, non-extruding, non-staining closed cell polyethylene or urethane foam, shape to suit intended use, oversize 25% and compatible with sealant, primer and substrate. 
	.6 Bond Breaker Tape:  As recommended by sealant Manufacturer. 
	.7 Joint Primer:  Non-staining, suitable for substrate surfaces, compatible with joint sealants and as recommended by sealant Manufacturer. 
	.8 Cleaning Material:  Non corrosive, non-staining, xylol, methyl ethyl ketone, toluol, isopropyl alcohol or as recommended by sealant Manufacturer and acceptable to material or finish Manufacturers for surfaces adjacent to sealed areas. 
	.9 Sealants, Cleaning Materials and Primers:  Compatible with each other. 


	3. EXECUTION 
	3.1 Examination 
	.1 Ensure joints are suitable to accept and receive sealants.  Commencement of Work implies acceptance of surfaces and conditions. 
	.2 Do not apply sealant to masonry until mortar has cured. 
	.3 Before any sealing work is commenced, test materials for indications of staining or poor adhesion. 

	3.2 Preparation 
	.1 Remove existing sealant from joints to be re-sealed.  Ensure that all joint interfaces are clean and prepared to accept new work. 
	.2 Clean joints and spaces which are to be sealed and ensure they are dry and free of dust, loose mortar, oil, grease, oxidation, coatings, form release agents, sealers, and other foreign material. 
	.3 Clean porous surfaces such as concrete, masonry or stone by wire brushing, grinding, or sandblasting as required to obtain clean and sound surfaces. 
	.1 Remove laitance by grinding or mechanical abrading. 
	.2 Remove oils by abrasive blast cleaning. 
	.3 Remove loose particles present or resulting from grinding, abrading, or sandblast cleaning by thorough brushing. 

	.4 Clean ferrous metals of rust, mill scale and foreign materials by wire brushing, grinding or sanding. 
	.5 Wipe non-porous surfaces such as metal and glass to be sealed, except pre coated metals, with cellulose sponges or clean rags soaked with ethyl alcohol, ketone solvent, xylol or toluol and wipe dry with clean cloth. 
	.1 Where joints are to be sealed with silicone based sealants clean joint with methyl ethyl ketone or xylol.  Do not allow solvent to air-dry without wiping. 
	.2 Clean pre coated metals with solutions or compounds which will not injure finish and which are compatible with joint primer and sealant. 

	.6 Install joint backing material to achieve correct and uniform joint profile. 
	.7 Where joint design or depth of joint prevents use of joint backing material, apply bond breaker tape to prevent three-sided adhesion. 
	.8 Do not stretch, twist, puncture or tear joint backing. Butt joint backing at intersections. Install bond breaker tape at back of joint where joint backing is not required or cannot be installed. 
	.9 On horizontal traffic surfaces, support joint filler against vertical movement which might result from traffic loads, including foot traffic. 
	.10 Where surfaces adjacent to joints are likely to become coated with sealant during application, mask them prior to priming and sealing. 
	.11 Do not exceed shelf life and pot life of materials, and installation times, as stated by Manufacturers. 
	.12 Be familiar with work life of sealant to be used.  Do not mix multiple component materials until required for use. 
	.13 Use materials as received from Manufacturer, without additions, deletions, and adulterations of materials. 
	.14 Mix multiple component sealants and bulk sealants using mechanical mixer capable of mixing without mixing air into material, strictly in accordance with Manufacturer’s directions and recommendations. Continue mixing until material is homogeneously blended, uniform in colour and free from streaks of unmixed material. Install compound prior to start of hardening or curing cycle. 
	.15 Seal joints in surfaces to be painted before surfaces are painted.  Where surfaces to be sealed are prime painted in shop before sealing check to make sure prime paint is compatible with primer and sealant.  If they are incompatible, inform Contract Administrator and change primer and sealant to compatible types approved by Contract Administrator. 
	.16 Where irregular surface or sensitive joint border exists, apply masking tape at edge of joint to ensure joint neatness and protection. 
	.17 Prime joints as required by sealant Manufacturer.  Prime sides of joints for type of surface being sealed prior to application of joint backing, bond breaker, or sealant. 

	3.3 Application 
	.1 Apply sealant using hand operated guns or pressure equipment fitted with suitable nozzle size and equipment approved by sealant Manufacturer.  Apply in accordance with Manufacturer's directions and recommendations. 
	.2 Force sealant into joint and against sides of joints to obtain uniform adhesion.  Use sufficient pressure to completely fill all voids in joint regardless of variation in joint widths and to proper joint depth as prepared. Ensure full firm contact with interfaces of joint. Superficial pointing with skin bead shall not be acceptable. 
	.3 Finish face of compound to form smooth, uniform beads. At recesses in angular surfaces, finish compound with flat face, flush with face of materials at each side. At recesses in flush surfaces, finish compound with concave face flush with face of materials at each side. 
	.4 Compound may be tooled, provided that such tooling does not damage seal or tear compound. Avoid pulling of sealant from sides. 
	.5 Tool surfaces as soon as possible after sealant application or before any skin formation has occurred, particularly when using silicone sealants. 
	.6 Joint surfaces shall be straight, neatly finished, free from ridges, wrinkles, sags, dirt, stains, air pockets and embedded foreign matter or other defacement and be uniform in colour, free from marbling and/or colour streaking due to improper mixing or use of out of shelf life products. 

	3.4 SEALANT SCHEDULE 
	.1 Use one sealant specified for each type in following locations.  Ensure sealant chosen for each location is recommended by Manufacturer for use for conditions encountered. 
	.2 Refer to Drawings for sealing work not specifically listed in this Section. 
	.3 Seal following joints with Sealant Type A: 
	.1 Interior non-rated masonry control joints. 
	.2 Interior top of non-rated masonry walls to structure above. 
	.3 Interior hollow metal door frames, both sides. 

	.4 Seal following joints with Sealant Type B: 
	.1 Exterior hollow metal steel door frames, both sides. 
	.2 Joints between thresholds and slabs. 
	.3 Exterior control joints in masonry. 

	.5 Seal following joints with Sealant Type C: 
	.1 Around pipes and conduits passing through walls and ceilings.  Conceal sealant with escutcheons. 
	.2 Joints between access panels and walls. 


	3.5 Field Quality Control 
	.1 As part of the work of this Section, conduct field inspection and testing by the Manufacturer’s Technical Representative of a minimum 20% of sealant joints, including mixing of materials, joint preparation, priming, joint profile, application, adhesion, cohesion and tooling. 
	.2 Submit written inspection reports to the Contract Administrator. 

	3.6 Repair 
	.1 Remove any compounds not complying with requirements specified herein. Exercise care in removal operations not to mar or damage finishes adjacent to joints. Repeat preparation, priming and installation of new material as specified to provide finished work complying with specified requirements and acceptable to Contract Administrator. Do such repair work at no extra cost to City. 

	3.7 Cleaning 
	.1 Immediately clean adjacent surfaces which have been soiled and leave Work in neat, clean condition.  Remove excess materials, compounds smears or other soiling resulting from application of sealants. Use recommended cleaners and solvents. 

	3.8 Protection of Completed Work 
	.1 Provide approved, non staining means of protection for completed joint sealant installations where required to protect work from mechanical, thermal, chemical, and other damage by construction operations and traffic. 
	.2 Maintain protection securely in place until completion of Work. Remove protection when so directed by Contract Administrator. 
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	1. GENERAL 
	1.1 Design Requirements 
	.1 Design exterior frame assembly to accommodate to expansion and contraction when subjected to minimum and maximum surface temperature of  35°C to 35°C. 
	.2 Install work to CSDFMA Installation Guide. 

	1.2 Quality Assurance 
	.1 Fabrication:  Comply with requirements of CSDFMA. 
	.2 Source Limitations:  Obtain doors and frames through one source from a single manufacturer. 

	1.3 Requirements of Regulatory Agencies 
	.1 Fire Rated Assemblies:  Labelled and listed by a nationally recognized testing agency having factory inspection service in conformance with CAN4 S104M and CAN4 S105M for fire protection ratings indicated. 
	.2 Install labelled steel fire rated doors and frames to NFPA 80 except where specified otherwise. 

	1.4 Submittals 
	.1 Shop Drawings:  Indicate each type of door and frame, material, steel core thicknesses, mortises, reinforcements, location of exposed fasteners, openings, arrangement of hardware and fire rating. 

	1.5 Delivery, Storage, and Handling 
	.1 Brace and protect doors and frames to prevent distortion during shipment.  Store in a secure dry location. 
	.2 Store doors vertically, resting on planks, with blocking between to allow air to circulate. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Metallic Coated Sheet Steel:  ASTM A568M Class 1 Commercial grade steel, hot dip galvanized to ASTM A 653/A653M ZF75/A25 zinc coated (Galvanized) or ZF180/A40 zinc-iron alloy-coated (Galvannealed). 
	.2 Minimum Core Thickness, Without Coating:  Metallic Coated Sheet Steel: 
	.1 Interior Door and Sidelight Frames:  1.519 mm (0.060”). 
	.2 Exterior Door and Sidelight Frames:  2.0 mm (0.078”). 
	.3 Doors and Panels, Hollow Steel Construction 
	.1 Face Sheets:  1.519 mm (0.060”). 
	.2 Vertical Stiffeners, 0.912 mm (0.036”). 

	.4 Doors and Panels, Honeycomb Core Construction: 
	.1 Face Sheets, 1.2 mm (0.047”). 

	.5 Lock and Strike Reinforcements:  2.66 mm (0.1”). 
	.6 Hinge and Pivot Reinforcements:  3.416 mm (0.134”) thick by 38 mm (1 1/2”) wide by 150 mm (6”) longer than hinge and pivot, secured by not less than 6 spot welds. 
	.7 Closer or Holder Reinforcements:  2.66 mm (0.1”). 
	.8 Top and Bottom End Channels and Caps:  1.6 mm (0.060”). 
	.9 Mortar Guard Boxes:  0.759 mm (0.03”). 
	.10 Glass Stops:  0.912 mm (0.036”). 
	.11 Floor Anchors:  1.6 mm (0.060”). 
	.12 Jamb Spreaders:  0.912 mm (0.036”). 
	.13 Frame Anchors: 
	.1 Masonry T strap Type:  1.214 mm (0.048”). 
	.2 Existing Masonry/Concrete Wall Type:  0.912 mm (0.036”). 
	.3 Masonry Wire Type:  4.0 mm (.16”) diameter. 
	.4 Masonry Stirrup-strap Type:  50 mm x 250 mm x 1.6 mm (2” x 10” x 0.060”). 


	.3 Insulation:  One component, low pressure expanding polyurethane foam, non-solvenated, maximum flame spread of 25 tested to ULC S102. 
	.4 Adhesives for Steel Components:  Heat resistant, spray grade, resin reinforced neoprene/rubber (polychloroprene) based, low viscosity, contact cement. 
	.5 Touch Up Primer:  CAN/CGSB 1.181, Zinc rich primer. 
	.6 Door Silencers:  Single stud rubber or neoprene. 
	.7 Filler:  Metallic paste, manufacturer's standard. 
	.8 Thermal Break:  Rigid polyvinylchloride extrusion. 

	2.2 Fabrication - General 
	.1 Fabricate work in accordance with CSDFMA specifications. 
	.2 Blank, reinforce, drill and tap units for mortised, templated hardware, and electronic hardware using templates provided by the hardware suppliers. Reinforce units for surface mounted hardware. 
	.3 Do welding to CSA W59. 
	.4 Apply, at factory, touch up primer to doors and frames manufactured from metallic coated steel where coating has been removed during fabrication. 
	.5 Make provisions in doors and frames to suit requirements of Section providing security devices. 
	.6 Fabricate fire rated assemblies to ULC requirements and bearing ULC, cUL or Warnock-Hersey International Ltd., label, as acceptable to authorities having jurisdiction. 
	.7 Locate fire rating labels on the inside of the frame hinge jamb and door hinge edge midway between the top hinge and the head of the door. 

	2.3 Fabrication – Frames 
	.1 Fabricate frames to profiles and maximum face sizes as required to suit design, welded construction.   
	.2 Cut mitres and joints accurately and weld continuously on inside of frame profile. 
	.3 Grind welded corners and joints to flat plane, fill with metallic paste filler and sand to uniform smooth finish. 
	.4 Protect mortised cutouts with mortar guard boxes in masonry and concrete constructions.  Conceal fastenings except where exposed fastenings are required.  Provide appropriate anchorage to floor and wall construction.. 
	.5 Provide jamb anchors for fixing at floor. 
	.6 Provide three door silencers on strike jamb for each single door, and two bumpers at head of frame for each door leaf in double doors. 
	.7 Fabricate thermally broken frames for exterior doors using steel core, separating exterior portion of frame from interior portion with polyvinyl chloride thermal breaks. 

	2.4 Fabrication - Doors 
	.1 Fabricate doors with longitudinal edges seamless, spot welded, filled and sanded flush. 
	.2 Hollow Steel Construction:  Form each door face from sheet steel.  Reinforce doors with vertical stiffeners, securely welded or laminated to each face sheet at 150 mm (6”) on centre maximum.  Fill voids between stiffeners of exterior doors with insulation. 
	.3 Fabricate doors with top and bottom steel channels full width of door and welded to both faces.  Provide flush steel top edge on exterior doors. 

	2.5 Fabrication – Glazing Stops 
	.1 Fixed Glazing Stops:  Formed integral with door faces and frames, minimum 16 mm (5/8”) high, unless otherwise indicated. 
	.1 Locate fixed stops on outside of exterior and on secure side of interior doors and frames. 

	.2 Loose Glazing Stops:  Minimum 0.8 mm (0.032”) thick, formed channel, fabricated from same material as frames in which they are installed.  Minimum 16 mm (5/8”) high unless otherwise indicated. 
	.1 Locate loose stops on inside of doors and frames. 

	.3 Form corners of stops with butted or mitered hairline joints. 
	.4 Coordinate rabbet width between fixed and loose stops with type of glazing and type of installation indicated. 
	.5 Fasteners:  Vandal resistant, countersunk flat or oval head machine screws spaced uniformly not more than 225 mm (9”) o.c., and not more than 50 mm (2”) from each corner. 


	3. EXECUTION 
	3.1 Installation - General 
	.1 Install fire rated assemblies in accordance with NFPA 80. 
	.2 Touch up with primer galvanized finish damaged during installation. 

	3.2 Installation - Frames 
	.1 Set frames plumb, square, level and at correct elevation. 
	.2 Provide suitable anchors to suit construction.  Use one base anchor and two wall anchors per jamb side for frames up to 1500 mm (60") and one additional wall anchor per jamb side for each additional height of 750 mm (30") or fraction thereof. 
	.3 Secure anchorages and connections to adjacent construction. 
	.4 Brace frames rigidly in position while building in.  Install temporary horizontal wood spreader at third points of door opening to maintain frame width.  Remove temporary spreaders after frames are built in. 
	.5 Make allowances for deflection of structure to ensure structural loads are not transmitted to frames. 
	.6 Apply insulation to fill voids in exterior frame assemblies. 

	3.3 Installation - Doors 
	.1 Provide even margins between doors and jambs and doors and finished floor and thresholds as follows: 
	.1 Hinge side: 3 mm (1/8"). 
	.2 Latchside and head: 3 mm (1/8"). 
	.3 Finished floor for non-rated assemblies:  12 mm (1/2"), unless otherwise indicated. 
	.4 Finished floor for rated assemblies:  To NFPA 80 requirements. 

	.2 Adjust operable parts for correct function. 

	3.4 Cleaning 
	.1 Clean and make good all surfaces soiled or otherwise damaged in connection with work.  Upon completion of work and remove debris, equipment and excess material from site. 




	08310.pdf
	1. GENERAL 
	1.1 Submittals 
	.1 Shop Drawings:  Indicate each type of floor hatches, arrangement of hardware, operating mechanism, and required clearances. 
	.2 Maintenance Data:  Provide operation and maintenance data for incorporation into Project Record Manual. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Aluminium Plates:  6061-T6 alloy, anodizing quality. 
	.2 Aluminium Extrusions:  6063 alloy, T5 temper, anodizing quality. 
	.3 Fasteners:  Manufacturer’s standard to suit intended use, non-corrosive and compatible with in-contact metals. 
	.4 Grout:  Non shrink, non metallic, flowable, 24h, 15 MPa (2100 psi), pull out strength 7.9 MPa (1150 psi). 

	2.2 Floor Hatches 
	.1 Type:  Flush mount, capable to support 1464 kg/m2 (300 psf) live load, drainable,Type J-AL by The Bilco Company. 
	.2 Cover and Frame:  Mill finished, diamond pattern reinforced aluminium cover plate, 6 mm (1/4”) thick exclusive of raised pattern, and 6 mm (1/4”) extruded aluminium channel frame with bend down anchor tabs and continuous EPDM perimeter gasket. 
	.3 Lifting Mechanisms:  Compression spring operators, enclosed in telescopic nylon reinforced composite tubes, controlling cover operation throughout the entire arc of cover upward motion and acting as a check in retarding cover downward motion when closing. 
	.4 Turn and Lift Handle:  Removable exterior turn/lift handle with a spring loaded ball detent and protected by a flush, gasketted, removable screw plug. 
	.5 Hinges:  Heavy forged aluminium pivot hinges, each having a minimum 6.3 mm (1/4”) diameter Type 316 stainless steel pin, maintain cover does not protrude into the channel frame. 
	.6 Hold Open Arm:  Equip cover with a hold open arm which automatically locks the cover in the open position. 
	.7 Locks:  Type 316 stainless steel snap lock, manufacturer’s standard. 


	3. EXECUTION 
	3.1 Examination 
	.1 Verify dimensions and conditions of previously installed work, upon which this Section depends, and coordinate repairs, alterations, and rectification if necessary. 
	.2 Obtain Contract Administrator’s written approval prior to field cutting or altering of structural members. 

	3.2 Installation 
	.1 Install work level, true, square, straight, and accurate to sizes detailed, free from distortion or defects detrimental to appearance or performance. 
	.2 Perform drilling of concrete as required to fasten work of this Section. 
	.3 Grout work in concrete with non-shrink grout.  Trowel surface smooth and flush with adjacent surfaces. 
	.4 Insulate metals where necessary to prevent corrosion due to contact between dissimilar metals and between metals and concrete.  Use bituminous paint, butyl tape, building paper or other approved means. 
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	1. GENERAL 
	1.1 Submittals 
	.1 Shop Drawings:  Indicate each type of coiling doors, arrangement of hardware, operating mechanism and required clearances. 
	.2 Maintenance Data:  Provide operation and maintenance data for coiling doors for incorporation into Project Record Manual. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Galvanized Steel Sheet:  Commercial quality to ASTM A653, Z275 coating designation. 
	.2 Steel Shapes, Plates, and Similar Items:  CAN/CSA-G40.20-G40.21-M, Grade 350W, hot dipped galvanized to CSA G164. 
	.3 Zinc Primer:  Zinc rich, ready mix to CGSB 1 GP 181M. 
	.4 Insulation:  Manufacturer's standard rigid cellular polystyrene or polyurethane-foam-type thermal insulation complying with maximum flame-spread and smoke-developed indexes of 75 and 450, respectively, in accordance with CAN/ULC S102. 
	.5 Weatherseals:  Provide replaceable, adjustable, continuous, compressible weather-stripping gaskets of flexible vinyl, rubber, or neoprene fitted to jambs, bottom and top of exterior doors.  At door head, use 3 mm (1/8”) thick, replaceable, continuous sheet secured to inside of hood. 
	.1 Motor Operated Doors:  Combination bottom weatherseal and sensor edge. 


	2.2 Fabrication 
	.1 Fabricate fire rated rolling metal coiling doors to NFPA 80. 
	.2 Door Curtains:  Fabricate overhead coiling door curtain of interlocking galvanized sheet steel slats in baked finish, designed to withstand wind loading indicated, in a continuous length for width of door without splices.  Unless otherwise indicated, provide slats of thickness and mechanical properties recommended by door manufacturer for performance, size, and type of door indicated.  Provide insulated doors as indicated. 
	.1 Insulated Doors:  Fill slat cavity with thermal insulation, enclose insulation completely within metal slat faces. 

	.3 Curtain Jamb Guides:  Steel angles or channels and angles, with sufficient depth and strength to retain curtain, to allow curtain to operate smoothly, and to withstand loading.  Build up units with not less than 5 mm (3/16”) thick galvanized steel.  Slot bolt holes for guide adjustment. 
	.1 Provide removable stops on guides to prevent overtravel of curtain, and a continuous bar for holding windlocks. 

	.4 Construct counterbalance assembly consisting of torsion spring with 25% overload factor. Enclose spring in steel pipe to support door curtain and counterbalance mechanism with maximum deflection of 1/360th of opening width.  Provide ball bearings at rotating points.  Provide spring tension adjusting wheel, accessible for setting. 
	.1 Support counterbalance assembly on 5 mm minimum thickness steel plate brackets, forming end enclosures. 

	.5 Hood:  Same material as doors, form to act as weatherseal and entirely enclose coiled curtain and operating mechanism at opening head.  Contour to fit end brackets to which hood is attached.  Roll and reinforce top and bottom edges for stiffness.  Provide closed ends for surface-mounted hoods and provide fascia for any portion of between jamb mounting projecting beyond wall face.  Provide intermediate support brackets as required to prevent sagging. 
	.1 Include automatic drop baffle to guard against passage of smoke or flame. 

	.6 Endlocks and Windlocks:  Malleable-iron casings galvanized after fabrication, secured to curtain slats with galvanized rivets or high-strength nylon.  Provide locks on not less than alternate curtain slats for curtain alignment and resistance against lateral movement. 
	.7 Bottom Bars:  Consisting of 2 angles, each not less than 38 mm x 38 mm x 3 mm (1 1/2” x 1 1/2” x 1/8”), galvanized, stainless-steel, or aluminium extrusions to suit type of curtain slats. 
	.8 Equip doors for locking from inside with cylinder locks compatible with masterkeyed cylinder specified in Division 8 Section Finish Hardware. 

	2.3 Electric Door Operators 
	.1 General:  Electric door operator assembly of size and capacity recommended and provided by door manufacturer, with electric motor and factory-prewired motor controls, starter, gear-reduction unit, solenoid-operated brake, clutch, remote-control stations, control devices, integral gearing for locking door, and accessories required for proper operation. 
	.2 Electric Motors:  High starting torque, reversible, continuous-duty, worm gear, heavy duty industrial type, bracket mounted, Class A insulated, with overload protection; sized to start, accelerate, and operate door in either direction from any position, at not less than 0.2 m/s (2/3 f/s) and not more than 0.3 m/s (1 f/s). 
	.1 Coordinate wiring requirements and electrical characteristics of motors with building electrical system. 

	.3 Back Up Manual Operation:  Chain hoist equipped with a disconnect device which allows the operator to be disengaged from the door and operate the door manually from the floor by hand in the event of a power failure without having to remove the drive roller chain. 
	.4 Brake:  Solenoid disc brake to prevent door from coasting and secure stopping and locking of door in any position. 
	.5 Control Station:  3-button control, momentary contact type, open-close-stop, mounted on wall adjacent to door in location where directed by Contract Administrator. 
	.6 Sensor Edge:  Provide each motorized door with an automatic safety sensor edge, located within astragal or weather stripping mounted to bottom bar.  Contact with sensor immediately stops and reverses downward door travel.  Connect to control circuit using Manufacturer's standard take-up reel or self-coiling cable. 
	.1 Provide pneumatically actuated automatic bottom bar. 

	.7 Limit Switches:  Adjustable switches, interlocked with motor controls and set to automatically stop door at fully opened and fully closed positions. 

	2.4 Steel and Galvanized Steel Finishes 
	.1 Baked Finish:  Manufacturer's standard baked finish consisting of primer and topcoat in accordance with coating manufacturer's written instructions for cleaning, pretreatment, application, thermosetting, and minimum dry film thickness. 


	3. EXECUTION 
	3.1 Electrical Co-Ordination 
	.1 The disconnect switch/junction box and power to the disconnect switch/junction box shall be supplied and installed under Electrical Divisions.  Wiring and connection at and from the disconnect switch/junction box to motors, starters, switches, controls, safety devices and other items requiring power from the disconnect switch/junction box shall be the responsibility of this Section. 
	.2 Employ licensed electrician to wire and interconnect all operational and safety components for the Work.  Terminate wiring required for connection to control circuitry and power in NEMA enclosures.  Ground all control wiring. 
	.3 Do wiring in strict conformity with the Electrical Code and Electrical Divisions requirements. 
	.4 Use CSA approved, tested and labelled materials and electrical components for intended use. 

	3.2 Installation 
	.1 Install work in accordance with Manufacturers' printed instructions. 
	.2 Adjust operable parts for correct function and smooth operation. 
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	1. GENERAL 
	1.1 System Description 
	.1 Performance Criteria:  Windows shall meet following CAN/CSA A440-M window classification ratings provided, however, thickness of extruded aluminium components shall not be less than 1.6 mm (0.062"). 
	.1 Air Tightness:  Fixed. 
	.2 Water Tightness:  B3. 
	.3 Wind Load Resistance:  C5. 


	1.2 Quality Assurance 
	.1 Installer:  Trained and approved by the Manufacturer and having a minimum three (3) years experience in the installation of the work described in this Section and can show evidence of satisfactory completion of projects of similar size, scope and type. If requested, provide letter of certification from manufacturer stating that installer is certified applicator of its products, and is familiar with proper procedures and installation requirements required by the Manufacturer. 
	.2 Pre-Installation Meeting:  Ten (10) business days prior to commencing work of this Section, arrange for manufacturer's technical representative to visit the site and review preparatory and installation procedures to be followed, conditions under which the work will be done, and inspect the surfaces to receive the work of this Section.  Advise the Contract Administrator of the date and time of the meeting. 
	.3 Manufacturer’s Site Inspection:  Have the Manufacturer’s technical representative inspect the Work at suitable intervals during application and at conclusion of the work of this Section, to ensure the Work is correctly installed.  When requested, submit Manufacturer’s inspection reports and verification that the work of this Section is correctly installed. 

	1.3 Submittals 
	.1 Shop Drawings:  Include plans, elevations, sections, details, hardware, attachments to other work, and the following: 
	.1 Joinery details. 
	.2 Expansion provisions. 
	.3 Flashing and drainage details. 
	.4 Thermal-break details. 
	.5 Glazing details. 

	.2 Maintenance Data and Operating Instructions:  On completion of work, supply three (3) copies of maintenance and glazing instructions for insertion in maintenance manual. 

	1.4 Delivery, Storage, and Handling 
	.1 Store in a dry, protected area On-Site, in original undamaged containers with Manufacturer's labels and seals intact. 
	.2 Store glazing units in dry and cool locations.  Maintain air circulation between glazing units. 
	.3 Factory apply strippable coating or protective wrappings on exposed surfaces of aluminium.  Do not remove protection until completion of building. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Window Type:  Fixed windows, thermally brokened, 5500 ISOWEB by Kawneer or 900E by Alumicor. 
	.2 Aluminium Association Alloy AA6063-T5 for extruded shapes, commercial quality AA1100-H14 aluminium sheet for formed shapes. 
	.3 Flashing:  Aluminium, finished to match window framing, minimum 24 gauge. 
	.4 Bolts, Screws, Anchors And Fasteners:  Stainless steel or aluminium for aluminium connections; cadmium plated steel may be used at interior side of air/vapour barriers; galvanized steel elsewhere. 
	.5 Slip Washers:  Teflon coated steel or aluminium washers. 
	.6 Insulation:  One component, low pressure expanding polyurethane foam, non-solvenated, maximum flame spread of 25 tested to ULC S102. 
	.7 Isolation Coating:  CAN/CGSB-1.108-M, acid and alkali resistant. 

	2.2 Sealants 
	.1 Joint Primer, Surface Conditioners and Cleaning Agents:  As recommended by respective glazing and sealant compound manufacturer. 
	.2 Joint Backing Material:  Polyethylene foam rope, closed cell type, out-sized minimum 50% larger than joint width and compatible with joint sealant. 
	.3 Sealant:  Non-bleeding, non-migrating, non-sagging, capable of supporting their own weight, standard colour. 
	.1 Sealant Between Aluminium Framing and Adjacent Structures:  CAN/CGSB-19.24-M, Type 2, Class B, multi-component, urethane based. 
	.2 Sealant for Heel Beads:  CAN/CGSB-19.13 M, Class MCG-2-25-A-N, one component, silicone base. 


	2.3 FABRICATION – Window Frames 
	.1 Form work true to detail, free from defects impairing appearance, strength and durability. 
	.2 Fabricate aluminium windows with an integral, concealed, low-conductance thermal barrier; located between exterior materials and window members exposed on interior side; in a manner that eliminates direct metal-to-metal contact. 
	.3 Apply sealant to joints within window units and components, including junction of frames to provide air/vapour and watertight joints.  Do such sealant application in a concealed manner. 
	.4 Provide punched louvres or holes through exterior glazing flange for venting and drainage. 
	.5 Design mullions and framing members to accommodate glazing units. 
	.6 Design, fabricate and install brackets and anchorage devices attached to warm side of thermal break.  Make allowance for unevenness and dimensional difference in structure, expansion and contraction of framing members without creating undesirable stresses in components to adequately sustain windows, movements in structure, and superimposed wind and rain loads. 
	.7 Form continuous sills, stools and flashings with intermediate clips, anchor devices and reinforcement in shop and as far as practical assemble units in shop.  Supply filler and closure pieces as required.  Fill corners and other open areas within construction with insulation. 
	.8 Ensure corners of formed work are mitred and closely fitted.  Apply back-up sealants designed for this purpose, on inside of joints in aluminum work by this trade.  Provide drainage towards exterior at bottom of glazing rebates. 
	.9 Deburr and make smooth sharp milled edges and corners of sash frames. 
	.10 Construct and erect windows free of exposed fasteners.  If unavoidable, ensure fasteners are tamper proof. 
	.11 Apply two (2) shop coats of rust inhibiting primer to steel components.  Take other necessary measures to prevent future deterioration due to corrosion and electrolysis during fabrication. 

	2.4 Aluminium Finishes 
	.1 Prefinish exposed to view aluminium surfaces.  Ensure aluminium finish is free from blemishes or scratches and uniform in colour and sheen.  Pretreat aluminium and apply primer and finish coats in accordance with manufacturer's instructions. 
	.1 High Performance Fluoropolymer Metallic Finish:  AA-C12C40R1x, chemical finish:  cleaned with inhibited chemicals; chemical finish:  conversion coatings; organic coating:  Manufacturer's standard three coat, thermocured system consisting of specially formulated inhibitive primer, fluoropolymer color coat, and clear fluoropolymer topcoat, with both color coat and clear topcoat containing not less than 70% polyvinylidene fluoride resin by weight.  Prepare, pretreat, and apply coating to exposed metal surfaces to comply with AAMA 2605 and with coating and resin Manufacturers' written instructions. 



	3. EXECUTION 
	3.1 Installation - General 
	.1 Apply isolation coating of approximately 0.76 mm (30 mil) dry film thickness, or other suitable permanent separator on concealed contact surfaces of dissimilar materials, before assembly or installation where there is possibility of corrosive or electrolytic action such as aluminium to concrete, masonry, mortar, or steel. 
	.2 Install windows in accordance with CAN/CSA-A440-M and requirements specified herein. 
	.3 Set window framing in its correct location, level, square and plumb and at proper elevations, with nominal face of framing aligned in a single vertical plane.  Fasten and anchor framing in place.  Install in accordance with Manufacturer's instructions and reviewed Shop Drawings. 
	.4 Anchor component parts securely in place as indicated, by bolting or other permanent mechanical attachment system, which will comply with performance requirements and permit movement as intended or necessary. 
	.5 Clean and restore primer and bituminous paint to surfaces disturbed by field welding or other operations. 
	.6 Leave final installation water, air and weather tight. 

	3.2 Installation - Glazing 
	.1 Free rabbets, stops and glass edges of dust, dirt, moisture, oil and other foreign matter detrimental to glazing material adhesion.  Ensure drainage holes are not blocked. 
	.2 Place two setting blocks under each unit at quarter points.  Place spacers on all edges of glass, located directly opposite each other when on both sides of the glass, located at maximum 600 mm (24") centres and maximum 300 mm (12") from corners and uniformly spaced. 
	.3 Install glazing tapes and gaskets to ensure complete contact on surface of glass and stops.  Make joints only at corners of sash or frame.  Fit accurately with tight joints, free from tension, gaps, cracks and embedded foreign matter. 
	.4 Set glass properly centred with uniform bite and face and edge clearance, free from twist, warp or other distortion likely to develop stress. 
	.5 Ensure water and air tight seal for glass between glazed element and frame is flush with sight line. 
	.6 Perform glazing only when the temperature is above 4°C. 

	3.3 Installation - Sealant 
	.1 Prepare and seal joints to provide weathertight seal. 
	.2 Apply sealant to joints between windows, sills, and other components in this Section and adjacent construction both inside and outside to provide weather tight seal on exterior and air/vapour seal on interior.  Provide toe bead and/or heal bead of sealant around perimeter or sealed unit to prevent air leakage. 
	.3 Apply joint backing to achieve correct joint depth and shape in accordance with Manufacturer's instructions. 
	.4 Mix, apply and cure sealant in strict accordance with Manufacturer's instructions. 
	.5 Apply sealant in continuous full beads, using gun with proper size nozzle and sufficient pressure to fill voids and joints solid. 
	.6 Form surfaces smooth, free from ridges, wrinkles, sags, air pockets, embedded impurities. 
	.7 Tool exposed surfaces to slightly concave shape. 
	.8 Remove excess compound promptly as work progresses and upon completion. 
	.9 Glazing: 
	.1 Provide heel bead at bottom of interior edge of sealed units and up lower 75 mm (3") of each vertical to provide a vented glazing cavity. 
	.2 Neatly tool glazing compound at an angle sloping away from glass.  Remove excess glazing compound from stops and glass. 


	3.4 Adjust and Clean 
	.1 Maintain window in a clean condition throughout construction period, without deterioration or damage at time of acceptance.  Select methods of cleaning which will promote achievement of uniform appearance and stabilized colours and textures for materials that weather or age with exposure.  Do not use abrasives. 
	.2 Adjust operating devices and leave in perfect working order. 
	.3 Immediately prior to cleaning of glass and before building is handed over to the City, make good damage and disfigurement.  Remove protective covering and coating from aluminium surfaces, inside and out, and clean surfaces, remove labels, stripes and protective devices and polish glass surfaces, immediately prior to final acceptance. 
	.4 Immediately before Total Completion, clean windows thoroughly, inside and out.  Demonstrate proper cleaning methods to Contractor Administrator during final cleaning. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Furnish services of an Architectural Hardware Consultant (AHC) for preparation of hardware shop drawings, keying, co ordination with other Sections, consultation with the City and the Contract Administrator and for On Site inspections. 
	.2 Inspect all hardware after installation by the Manufacturer's representative who shall certify in writing to the City, that all hardware has been supplied and installed in accordance with the specifications and reviewed Shop Drawings, and are functioning properly. 
	.3 Hardware for doors in fire separations and exit doors certified by a Canadian Certification Organization accredited by Standards Council of Canada. 
	.4 Provide to applicable Sections templates and information required for proper preparation and application of hardware in ample time to facilitate progress of Work. 
	.5 Before furnishing any hardware, carefully check Hardware Schedule, Drawings and Specifications.  Verify door hands, door and frame material and operating conditions, and assure that hardware will fit work to which it is to be attached.  Advise Contract Administrator in writing of required revisions.  
	.6 Templates:  Check Hardware Schedule, Drawings and Specifications, and furnish promptly to applicable Sections any templates, template information and Manufacturer's literature, required for proper preparation for hardware, in ample time to facilitate progress of work. 
	.7 Provide services of competent mechanics for the installation of hardware.  Make adjustments necessary to leave hardware in perfect working order.  Provide written summary of work completed and status of all items, including any adjustments, revisions or modifications. 
	.8 Maintenance Seminar:  Instruct the City regarding proper care, cleaning and general maintenance. 
	.9 Source Limitations:  Obtain each type of product from a single Manufacturer. 

	1.2 Regulatory Requirements 
	.1 Ensure hardware for fire rated openings complies with requirements of authorities having jurisdiction, with door and frame Manufacturer's tested assemblies, and that hardware items bear labels acceptable to authorities having jurisdiction. 

	1.3 Extended Warranty 
	.1 Warrant work against defects in materials and quality of performance for a period of five (5) years for door closers and two (2) years for other hardware. 

	2. PRODUCTS 
	2.1 Materials 
	.1 Type and Design:  Matching in all respects to samples of hardware and finishes approved by City. Use one Manufacturer's products for all similar items. 
	.2 Metal Finishes:  Free from defects, clean and unstained, and of uniform colour. 
	.3 Fire Rated Doors:  Meeting requirements of ULC as part of fire rated door assembly, with ULC or WHI label, or as acceptable to authority having jurisdiction. 
	.4 Fasteners:  Screws, bolts, expansion shields and other fastening devices as required for satisfactory installation and operating of hardware. 
	.1 Same finish as hardware to which it is to be fastened. 

	.5 Supply hardware complete with all necessary screws, bolts and other fastening of suitable size and type to anchor the hardware in position neatly and properly in accordance with the best practices and to the Contract Administrator's approval. 
	.6 Fastenings:  All fastenings shall harmonize with the hardware materials and finishes. 
	.7 Hardware for fire rated and labelled door and frame assemblies:  ULC listed or as accepted by authorities having jurisdiction. 
	.8 Following Manufacturer's are acceptable subject to review by the City of samples and list of items proposed. 
	.1 Hinges 
	.1 All Doors:  Full mortised, stainless steel, minimum 114 mm x 102 mm, heavy weight, 5 knuckles, ball bearing, stainless steel screws. 
	.2 Non Removal Pin:  Out swinging exterior doors and where scheduled. 
	.3 Stamp hinge catalogue numbers on face of leaf of each hinge at factory to enable easy recognition of hinge material and manufacture after doors are hung. 
	.4 Where doors are required to swing to 180 degrees, furnish hinges of sufficient throw to clear trim. 

	Locksets 
	.1 Type and Finish:  Heavy duty, stainless steel construction, orb handle and raised escutcheon. 
	.2 Backset:  125 mm for exterior doors, 70 mm for interior doors. 
	.3 Cylinders:  6 pin cylinders. 
	.4 Strikes:  Stainless Steel, ANSI standard size with curved lip strikes for latch bolts and no lip strikes for dead locks.  Provide complete with wrought boxes finished to match strike. 

	Closers 
	.1 Hydraulically controlled and full rack and pinion operation, clear anodized aluminium arm and full cover. 
	.2 Adjustable closing speed, latch speed and back check control. 
	.3 Adjustable swing power. 
	.4 Install all necessary attaching brackets, mounting channels, cover plates where necessary for correct application of door closers. 
	.5 Parallel arms at out swinging exterior doors and at interior doors where specified. 
	.6 Delayed action for barrier free application. 
	.7 Coordinate closers with overhead holders. 

	Construction Keying 
	.1 Equip lock cylinders in construction system. 
	.2 The construction key system to be inoperative once the Owner's keys are inserted in the cylinders. 

	Push Plates and Kickplates 
	.1 Length:  40 mm (1 1/2") less than door width for single doors and 20 mm (3/4") less than door width for doors in pairs. 
	.2 Thickness:  1.3 mm (0.050"), free of rough or sharp edges.  Corners and edges to be slightly radiuses. 
	.3 Installation:  3M tape. 

	.6 Surface Bolts 
	.1 Stainless steel top and bottom bolts, chain pull for top bolt. 
	.2 Dust free strikes. 

	.7 Door Stops 
	.1 Surface mount, stainless steel retainer, half dome shaped neoprene stop. 
	.2 Install floor stops in manner so as not to create a tripping hazard and allows maximum opening of doors. 
	.3 Furnish door stops of height to engage doors. 

	.8 Astragals:  Stainless steel bar with neoprene bulb. 
	.9 Weatherstrippings:  Surface mounted extruded aluminium housing with neoprene bulb having spring mounted adjustment, 770A by Zero International. 
	.10 Door Bottoms:  Surface mounted, extruded aluminium housing, pressure spring loaded neoprene bulb, 365A by Zero International. 
	.11 Thresholds:  Extruded aluminium, high seat, except flat saddle for barrier free application. 


	2.2 Keying System 
	.1 Lay out keying system for building in consultation with the City.  Keying system shall include keying alike, keying differently, keying in groups, master keying and grand master keying locks and exit devices as required. 
	.2 Prepare and submit keying chart and related explanatory data for approval.  Do not order cylinders until written confirmation of keying arrangements is received from the City.  
	.3 Stamp keys "DO NOT DUPLICATE". 
	.4 Provide two (2) change keys for each lock.  Three (3) keys for each submaster level and six (6) grand master keys.  In the case of keyed alike groups, supply six (6) cut keys only and supply the balance as blanks. 
	.5 Supply 1 Key Control System complete with cabinet and necessary components as Lund Model 1201, 2 tag system. 
	.6 Confirm with Contractor and the City for shipping directions. 


	3. EXECUTION 
	3.1 Preparation 
	.1 Thoroughly check design and provide required hardware for openings to required detail. 
	.2 Trim undesignated openings with hardware of equal quality and design to that specified for similar opening. 
	.3 Furnish door and frame manufacturers with complete instructions and templates for preparation of their Work to receive hardware. 
	.4 Co-ordinate voltages with Division 16, Electrical where applicable. 

	3.2 Installation 
	.1 Install finish hardware to template in accordance with Manufacturer's written instructions.  Do not modify finish hardware without manufacturer's written approval. 
	.2 Install finish hardware for fire rated doors in accordance with NFPA 80 requirements. 
	.3 Install finish hardware secure, plumb, level, and true to line. 
	.4 Cut and fit to substrates avoiding damage and weakening.  Reinforce attachment substrate as necessary for proper installation and operation. 
	.5 Size cutouts so that hardware item completely covers cutout. 
	.6 Mortise work to correct location and size without gouging, splintering, and causing irregularities in exposed finish work. 
	.7 Where cutting and fitting is required on substrates to be painted or similarly finished, install, fit, and adjust hardware prior to finishing. 
	.8 Remove hardware and place in original packaging. 
	.9 Re-install hardware after finishing operation is complete. 
	.10 Install hardware items affixed to concrete and masonry with machine screws and threaded metal expansion shields. 
	.11 Set, fit and adjust hardware according to manufacturer's templates and instructions.  Hardware shall operate freely.  Protect installed hardware from damage and paint spotting. 
	.12 Consult with manufacturer of security hardware items such as door monitoring equipment, card reader access equipment, electric strikes, and electric hinges operated by card access equipment and combination magnetic door holder releases/door closers and install in accordance with Manufacturer's recommendations under supervision of Division 16 Sections Fire Detection and Alarm System.  Use templates as supplied by Manufacturer for predrilling doors and frames. 
	.13 Pre drill kickplates and doors before attachment of plates.  Apply with water resistant adhesive and countersunk stainless steel screws. 
	.14 Weatherstrip exterior doors.  Install effectively to tightly seal entire perimeter of door.  Secure in place with non ferrous screws, in accurate alignment. 
	.15 Maintain integrity of weather seal at head of doors fitted with closers.  Adapt weatherstripping as required to achieve specified performance and provide any necessary accessories. 
	.16 After installation of hardware under this Section, check opening units for correct fit and uniformity of space around perimeter of units, or between units.  Provide smoothly operating opening units free from binding. 

	3.3 Field Quality Control 
	.1 Have hardware supplier's representative visit Site and submit written report of each visit to Site, giving storage conditions and installation details, date and name of hardware supplier's representative.  
	.2 Before completion of Work but after hardware installation, have hardware supplier's representative inspect work and submit certificate to the City stating that final inspection has been made and that hardware of proper type has been properly installed and adjusted, is in good working order and condition, and is in conformance with Contract requirements. 

	3.4 Adjustments and Cleaning 
	.1 Adjust and clean hardware according to Manufacturer's written instructions. 
	.2 Turn over construction keys and extractor key to the City and provide any required adjustment or modifications prior to substantial performance of the contract. 
	.3 Hand over to  the City Grand master and master keys, Change Keys, Control Keys and Permanent Cylinders and core.  The City will be responsible for interchanging temporary construction cores with permanent cylinder cores in locks.  Temporary construction cores will be returned to Contractor. 
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	1. GENERAL 
	1.1 Submittals 
	.1 Provide samples of materials as requested. Label samples with Manufacturer's name, with registered name of product, weight, and quality of glazing material. 
	.2 Provide maintenance data of glass and glazing system used in this Project including cleaning instructions for incorporation into manual. 

	1.2 Quality Assurance 
	.1 Perform work in accordance with recommendations of Glazing Association of North America (GANA).  Size glass to Code requirements and verify that openings for glazing are correctly sized and within tolerance. 
	.2 Glass Lites:  Float, tempered, laminated or heat strengthened and in thicknesses in accordance with requirements of glass Manufacturer as substantiated by the glass Manufacturer's stress analysis for each location required, unless otherwise indicated. 
	.3 Use a safety factor of 2.5:1 minimum for glass design. 

	1.3 Environmental Requirements 
	.1 Install glazing when ambient temperature is 10°C minimum. Maintain ventilated environment for twenty four (24) hours after application. 
	.2 Maintain minimum ambient temperature before, during and twenty four (24) hours after installation of glazing compounds. 

	1.4 Warranty 
	.1 Submit a ten (10) year warranty against defects in the insulating glass units and warrant them to be free from material obstruction of vision as a result of dust or film formation on the internal glass surfaces by any cause, under design conditions, other than extrinsic glass breakage, but including breakage due to thermal shock and temperature differential due to inherent glass faults. 
	.1 The glass coatings will not discolour, oxidize, delaminate, or have scratches and pinholes and shall be uniform in thickness and uniform in colour throughout each glass unit and from glass unit to glass unit. 
	.2 Insulating glass units will be free from condensation, fogging material obstruction of vision as a result of dust or film formation on the internal glass surfaces by any cause under normal conditions. 
	.3 The insulating glass units will not change their mechanical design properties and shall not in any way deteriorate, degrade, delaminate or change their visual appearance. 


	2. PRODUCTS 
	2.1 Materials 
	.1 Float Glass: CAN/CGSB 12.3, clear, glazing quality, minimum 6 mm (1/4") thick. 
	.2 Tempered Safety Glass:  CAN/CGSB-12.1 Type 2, Class B, minimum 6 mm(1/4”) thick, heat treated using the horizontal tong free method, with roll-wave distortion parallel to bottom edge of glass as installed. 
	.3 Heat Strengthened Glass:  ASTM C1048 Type HS, minimum 6 mm (1/4”) thick, heat treated using the horizontal tong free method, with roll-wave distortion parallel to bottom edge of glass as installed. 
	.4 Wired Glass:  Clear, 6 mm (1/4") thick, polished Georgian 12 mm (1/2") square wire-reinforced, float glass, having the required fire resistance rating based on ULC testing. 
	.5 Tinted Glass:  Heat absorbing glass, Solargray by PPG. 
	.6 Low emissivity coating:  Solarban 60 by PPG. 

	2.2 Accessories 
	.1 Glazing materials, primers and cleaning solvents:  Mutually compatible, standard colours. 
	.2 Insulated Glass Unit Spacer Core:  Extruded, thermoset polymer structural silicone foam tape with integrally incorporated desiccants, resistant to ozone, sunlight, oxidation, black, Super Spacer Premium Plus by Edgetech. 
	.3 Glazing Compound:  CAN2 19.13, one component silicone base. 
	.4 Glazing Tape, Preshimed:  Extruded, ribbon shaped, non drying, non skinning, non oxidizing polyisobutylene tape with continuous synthetic rubber spacer rod, sufficiently wide and thick as to completely cover bite area of glazing unit when unit is pushed into place. 
	.5 Glazing Tape:  Extruded, ribbon shaped, non drying, non skinning, non oxidizing, reinforced, polyisobutylene tape of sufficient width and thickness, 6 mm (1/4") minimum, to permit a continuous seal.  
	.6 Shims, Spacers and Setting Blocks:  45, 50, and 90 Durometer A hardness ± 5 respectively, neoprene rubber. Resistance to sunlight, weathering, oxidation and permanent deformation under load shall be prime essentials of shims, spacers and setting blocks. 
	.7 Glazing Gaskets:  Neoprene, EPDM, thermoplastic or other approved material, of sufficient thickness to be 25% compressed when installed.  Gaskets shall have a 13.8 MPa (2000 psi) tensile strength, Durometer A hardness of 50, ± 5, resistance to permanent set 30% maximum, minimum elongation at break of 300% and resistance to ozone showing no cracks. 

	2.3 Fabrication 
	.1 Accurately size glass to fit openings allowing clearances recommended by Glass Association of North America.  Cut glass clean and free of nicks and damaged edges.  Grind smooth and polish exposed glass edges.  Do not cut or abrade tempered, heat treated, or coated glass. 

	2.4 Fabrication – Insulating Glass Units 
	.1 Insulating glass units:  CAN2-12.8, double glazed, composed of lites of minimum 6 mm thick glass separated by a 13 mm wide dehydrated air space, double sealed and atmospheric pressure equalized to prevent bowing of the glass lites in the vertical position.  Edges of glass shall be straight cut, free of nicks and other imperfections conducive to breakage.  Coatings used in structural glazing shall be edge deleted 10 mm. 
	.1 Sealing System:  At Contractor’s option, dual seal with polyisobutylene primary and polysulfide secondary sealants, or dual seal with polyisobutylene primary and silicone secondary sealants. 

	.2 Set spacer core straight and even into glass units with a maximum variation in line of spacer core of plus or minus 2 mm (0.080”) and the primary seal not extend past the inside edge of spacer core by more than 1.6 mm (0.060”).  Weld or vulcanize spacer core corners and joints. 


	3. EXECUTION 
	3.1 Inspection 
	.1 Verify dimensions at the site before proceeding with fabrication or glazing units. 
	.2 Ensure that openings are free from distortion, and that surfaces are free from protrusions that will obstruct face and edge clearances. 
	.3 Ensure that ferrous metals are painted or zinc coated; and that surfaces are suitable for adhesion of the glazing materials. 
	.4 Ensure that operable units to be glazed are adjusted for proper operation. 
	.5 Ensure that surfaces to receive mirrors are sealed. 
	.6 Ensure that ambient and surface temperatures are above 5°C. 

	3.2 Preparation 
	.1 Free rabbets, stops and glass edges of dust, dirt, moisture, oil and other foreign matter detrimental to or obstructing the glazing material. 

	3.3 Installation - General 
	.1 Handle and install glass in accordance with Manufacturer's directions.  Prevent nicks, abrasions and other damage likely to develop stress on edges. 
	.2 Without limitations, cracked or scratched glass, shrinking, cracking, staining, hardening, sagging of glazing materials; loosening or rattling of glass; leaking of glazed joints will be rejected. 
	.3 Remove and replace glazing stops in original locations, using original fasteners, securely set and undamaged. 
	.4 Use setting blocks and spacers as required to properly support the glass, centred in place in the glazing space independent of the materials and to uniformly distribute its load. 
	.5 Use a minimum of 2 setting blocks, located at the quarter points.  Locate spacers at jamb edges of glass, uniformly spaced at 600 mm (24") oc maximum, and 300 mm (12") maximum from top and bottom. 
	.6 Assess coloured glass units for colour uniformity and arrange to avoid abrupt variation in appearance. 
	.7 Set glass properly centred with uniform bite and face and edge clearance, free from twist, warp or other distortion likely to develop stress. 
	.8 Leave labels on glass until it has been set and inspected and approved.  Leave glass whole and without cracks, scratches or other defects and with setting in perfect condition at completion, to the approval of the Contract Administrator. 
	.9 Remove rejected, broken or damaged glass due to defective materials or improper setting and replace with perfect materials.  Units producing distorted vision will be rejected and replaced at the reasonable discretion of the Contract Administrator. 

	3.4 Interior Glazing 
	.1 Set glazing in fire rated assemblies in accordance with NFPA 80 and the Code requirements. Install glazing to ULC tested proprietary methods of installation. 
	.2 Unless otherwise specified, all interior glazing shall be dry glazing. 
	.3 Provide glazing gasket around entire perimeter of glass.  Make tight butt joint at corners of lights.  Place setting blocks at sill and spacers at both jambs as required to centre the unit in the frame.  Place the unit into the frames and apply the stops against the gaskets.  Tighten the screws or clips to obtain positive uniform pressure avoiding excessive pressure. 
	.4 Ensure rattle-free cushioning. 

	3.5 Cleaning 
	.1 Clean and make good to the approval of the Contract Administrator, surfaces soiled or otherwise damaged in connection with the work of this Section.  Pay the cost of replacing finishes or materials that cannot be satisfactorily cleaned. 
	.2 Upon completion of the Work, remove all debris, equipment and excess material resulting from the work of this Section from the Site. 




	09900.pdf
	1. GENERAL 
	1.1 Quality Assurance/Submittals 
	.1 Perform painting work by applicator with minimum five (5) years of proven, satisfactory and successful painting experience on projects of similar size and nature. Provide qualified crew of painters and full time review of work by qualified supervisor for duration of work. 
	.2 Submit in writing list of proposed materials prepared by paint Manufacturer, for approval at least sixty (60) days before materials are required.  List shall bear Manufacturer's official certification that materials listed meet or exceed requirements specified herein.  List shall contain following for record: 
	.1 Manufacturer's product number and application instructions. 
	.2 Finish formula. 
	.3 Product type. 
	.4 CGSB number. 
	.5 Colour number. 
	.6 Maximum VOC classification. 
	.7 Ecologo certification where applicable. 

	.3 Samples:  Submit at least fifteen (15) days prior to painting Work commencing at the Site (and resubmit until approved), two (2) identified (with Project Name, the finish, colour name and number, sheen and gloss values) samples of the following: 
	.1 Each specified colour in each specified finish coat material on minimum 150 mm x 300 mm coated stock card 
	.2 Each natural wood finish on minimum 150 mm x 300 mm samples of each specified wood species to receive the finish 

	.4 Have the paint Manufacturer's representative visit Site prior to the commencement of  painting operation to discuss painting and finishing procedures to be used, to analyze surface conditions, and to propose alternative recommendations should adverse conditions exist. 
	.5 Have the paint Manufacturer visit Site at intervals during surface preparation and painting operations to ensure that proper surface preparation is performed, specified paint products are being used, proper number of coats are being applied, agreed finishing procedures are being used. 
	.6 Product Manufacturer's Approval of Surfaces To Be Painted:  Submit, prior to painting Work commencing, letters signed by the respective manufacturer(s) of products to be used stating that the representative has examined the various surfaces prior to application and that the surfaces and the environmental conditions are suitable to receive the specified finishes. 
	.7 Product Manufacturer's Certification of Paint Application:  Submit, on completion of painting, a letter or letters, signed by the respective manufacturer(s) of products, stating that a manufacturer's representative has inspected (at intervals) the preparation of surfaces and the application of paint products and that paint products have been applied satisfactorily and to the required coverage. 

	1.2 Environmental Requirements 
	.1 Comply with requirements of Workplace Hazardous Materials Information System (WHMIS) regarding use, handling, storage, and disposal of hazardous materials; and material safety data sheets acceptable to Ministry of Labour. 
	.2 Provide paint products certified to meet the requirements of the Environmental Choice Program, Department of the Environment. Provide CSA Certification Reports that products proposed for use are certified under the Environmental Choice Program. Water based paints to be certified to ECP 07 89. Solvent based paints to be certified to ECP 12 89. 
	.3 Arrange for ventilation system to be operated during application of paint.  Ventilate area of work by use of approved portable supply and exhaust fans. Provide continuous ventilation during and after application of paint.  Run ventilation system twenty four (24) hours per day during installation; provide continuous ventilation for seven (7) days after completion of application of paint.  Apply paint finishes only when temperature at location of installation can be satisfactorily maintained within manufacturers recommendations. Substrate and ambient temperature shall be within limits prescribed by Manufacturer. 
	.4 Maintain minimum interior temperature of 18°C (65°F) during application and drying of paint and maintain until building occupancy occurs.  Do not undertake exterior painting if air and surface temperature are expected to fall below 10°C (50°F) before coating has dried.  Avoid painting during winds, weather conditions which may affect paint application or following rain. Wait until frost, dew or condensation has evaporated. 
	.5 Provide heating to maintain minimum temperatures recommended by manufacturers. 
	.6 Apply paint finish only in areas where dust is no longer being generated by related construction operations such that airborne particles will not affect the quality of the finished surface. Apply paint only when surface to be painted is dry, properly cured and adequately prepared.  
	.7 Protect floors of storage areas by means of tarpaulins and metal pans. 
	.8 Provide a fully charged, ULC 10:BC rated, 9 kg carbon dioxide fire extinguisher immediately adjacent to the storage area for the entire time materials are stored in the area.  
	.9 Deposit waste rags in metal containers with tight fitting metal lids and remove from the building at the end of each working shift.  
	.10 Keep solvents for brush and roller cleaning in tightly sealed containers when not in use.  Do not allow brushes and rollers to stand in solvents in open containers overnight. 

	1.3 Painting and Finishing Work Standards 
	.1 The best practices specified or recommended in CAN/CGSB-85.100 are to govern for painting methods and procedures, unless specified otherwise in this Section. 

	1.4 Colour Selections 
	.1 The Consultant will issue a schedule indicating colour(s), gloss value and sheen.  Colour may be selected from the lines of up to three (3) Manufacturers and an unlimited number of colours and gloss and sheen. 

	1.5 Warranty 
	.1 Warrant Work against defects in material and quality of performance for a period of two (2) years. 

	1.6 Extra Stock 
	.1 At date of Total Completion, supply and deliver to a designated storage area at the Site, sealed, original, fresh containers of each paint and finish product applied, and in each colour, all labelled as specified in this Section. 
	.2 Supply 1 litre of extra stock for products for which less than 45 litres were used, 4 litres of extra stock when from 45 to 180 litres were used, and 10 litres of extra stock when in excess of 180 litres were used. 

	2. PRODUCTS 
	2.1 Painting, Finishing, and Coating Products 
	.1 Unless otherwise specified, painting and protective coating products are specified in PART 3 of this Section and are the products of ICI/Glidden. 
	.2 Painting and protective coating products fully equivalent to the ICI/Glidden products specified and supplied by the following manufacturers are acceptable: 
	.1 Sherwin Williams 
	.2 Benjamin Moore 
	.3 Pittsburgh Paints 

	.3 Finishing products such as oils or putties not specified in this Section are to be premium quality and as recommended by the Manufacturer of the paint or finish product it is associated with. 
	.4 Unless otherwise specified, paint is to be ready-mixed.  Where site mixing is required for certain products, mix in strict accordance with the manufacturer's instructions to produce smooth flowing materials with an easy-brushing consistency. 
	.5 Gloss value will be determined in accordance with ASTM D523, Tentative Method of Test For 60 Deg. Specular Gloss.  Gloss values for terminology specified are as follows: 
	.1 Flat - less than 8 
	.2 Eggshell - 25 to 35 
	.3 Semi-gloss - 45 to 55 
	.4 Gloss - in excess of 85 

	.6 On walls no defects shall be visible from a distance of 1000 mm at 90° to surface. On ceilings no defects shall be visible from floor to surface when viewed using final lighting source. Final coat shall exhibit uniformity of colour and uniformity of sheen across full surface area. 
	.7 Paint colours will be selected by Contract Administrator from the Manufacturer's full colour range, including light, dark and accent tones, and the Contract Administrator will issue a schedule indicating the colours, locations, gloss value and sheen.  Note that products of more than one Manufacturer may be selected. 


	3. EXECUTION 
	3.1 Examination of Substrate 
	.1 Examine surfaces to receive paint or protective coating to ensure that they are in the proper condition to be painted or coated.  Commencement of painting and protective coating Work will be interpreted as acceptance of the surface to receive the Work.  Correction of defective painting or protective coating Work resulting from application to unsatisfactory surfaces will be the responsibility of the painting contractor. 

	3.2 Special Conditions 
	.1 Post "No Smoking" signs and ensure that spark-proof electrical equipment is used in areas where flammable painting products are applied or stored. 
	.2 Post "Wet Paint" signs throughout freshly finished areas and remove when finishes are dry. 
	.3 Prohibit traffic where possible, from areas where painting is being carried out until paint is cured. 
	.4 Provide adequate ventilation.  Where building is occupied, provide necessary air barrier to prevent fumes from entering occupied areas. 
	.5 Prior to the application of special finishes, arrange for a meeting at the Site with the Contract Administrator and a representative of the special finishes Manufacturers to discuss the condition of surfaces to receive painting, special finish, and application procedures. 

	3.3 Protection 
	.1 Cover or mask surfaces adjacent to those receiving treatment and finishing to protect the Work of others from damage and soil.  Mask instruction and specification plates and controls attached to equipment being painted. 
	.2 Take particular care in storage and mixing areas to ensure that tarpaulins and metal pans protect floors. 
	.3 Co-ordinate with the appropriate trades for the removal from finished surfaces, storage and reinstallation after finish Work is completed of finish hardware, switch and receptacle plates, escutcheons, luminarie frames, and similar items. 

	3.4 Preparation of Surfaces 
	.1 General 
	.1 Vacuum clean areas inside the building(s) immediately prior to commencing finishing Work.  
	.2 Scrub mildewed surfaces with a solution of trisodium phosphate, bleach with a solution of one part sodium hydrochlorite (Javex) to three parts water, and rinse with clear water.   
	.3 Arrange for finishing hardware, electrical plates, accessories, and similar removable fittings on surfaces to be finished to be removed.  Mask any other Work that is not removable.   
	.4 Prepare surfaces to be painted or coated such that the surfaces are thoroughly dry and free of chemicals, mortar splatters, organic matter, oil, grease, rust, scale, loose paint, and any other material, and such that the surfaces are in a proper condition to receive paint, stain, or other specified coating.   

	.2 Cleaning Procedures 
	.1 Surface preparation methods shall remove any contaminant that will interfere with full adhesion of protective painting and coating systems.  Level of cleaning shall be based on Steel Structures Paining Council's (SSPC), recommended designations of metal cleaning procedures specified. 
	.2 SSPC SP1 (Solvent Cleaning):  Use of solvents (such as mineral spirits, xylene, toluene) or cleaning action to remove oil, grease, and soil drawing and cutting compounds or similar solvent soluble contaminants.  Do not use gasoline or benzene.  
	.3 SSPC SP2 (Hand Tool Cleaning for mild exposure conditions):  Use of scrapers, sandpaper, wire brushing or hand impact tools to remove loose mill scale, non adherent rust and scaling paint or other foreign matter.  Do not use hand tool cleaning procedure for areas subject to corrosive environment or on surfaces for vinyl chloride top coating. Remove weld flux and spatter to avoid localized paint failure.  
	.4 SSPC-SP3 (Power Tool Cleaning for use under severe exposure conditions or immersion applications):  Use power sanders and wire brushes, impact tools, grinders and power chipping hammers to remove loose mill scale, loose rust, paint or other foreign matter.  Do not allow excessive power tool cleaning. 
	.5 SSPC-SP5 (White Metal Blast Cleaning):  Use when protective coating or environment is such that no rust, mill scale or other foreign matter can be tolerated on steel surface. Prime cleaned surfaces before any rusting occurs. 
	.6 SSPC SP6 (Commercial Blast Cleaning):  Use for moderate exposure conditions where high but not perfect degree of blast cleaning is required.  Prime blast cleaned surfaces as soon as possible. 
	.7 SSPC SP7 (Brush Off Blast Cleaning):  Use for ordinary exposure where environment is mild to permit tight mill scale, paint and minor amounts of rust to remain on surface. An effective means to clean rusty galvanized metal siding and old finishes in poor condition. 

	.3 Perform surface preparation work as follows: 
	.1 Shop Finished Metal Work:  SSPC-SP1, SSPC-SP2, or SSPC-SP3 as required. 
	.2 Shop Prime Coated Carbon Steel:  SSPC-SP1, SSPC-SP2, or SSPC-SP3 as required. 
	.3 Shop Prime Coated Cast Iron and Centrifugally Cast Ductile Iron:  SSPC-SP6. 
	.4 Non-Prime Coated Carbon Steel:  SSPC-SP1 using Oakite 31 or equal, SSPC-SP2, or SSPC-SP3 as required. 
	.5 Non-Prime Coated Cast Iron and Centrifugally Cast Ductile Iron - SSPC-SP6. 
	.6 Submerged Carbon Steel, Black or Galvanized:  SSPC-SP1 using Oakite 31 or equal, SSPC-SP2 or SSPC-SP3 as required. 
	.7 Submerged Cast Iron or Centrifugally Cast Ductile Iron:  SSPC-SP6. 
	.8 Galvanized Metal and Aluminium Above Grade:  SSPC-SP1 using Oakite 31 or equal, and CGSB-85-GP-16. 
	.9 Cut Surfaces of Field Cut Galvanized Metal:  SSPC-SP3. 
	.10 Copper - SSPC-SP1. 
	.11 Bitumen or Tar Coated Surfaces - SSPC-SP1 and SSPC-SP2 as required. 
	.12 Surfaces Subjected to High Heat Condition (140°C and Up):  SSPC-SP5. 
	.13 Interior Concrete Block, Poured and/or Precast Concrete:  CGSB-85-GP-31. 
	.14 Canvas Insulation Jacket:  SSPC-1. 
	.15 Aluminium, Stainless Steel, and Carbon Steel Underground:  In accordance with paint or coating Manufacturer's recommendations. 
	.16 Ferrous Metal:  Solvent clean to SSPC-SP1. Remove loose rust and prime bare metal with rust inhibitive steel primer.  Touch-up damaged shop applied primer using compatible product.  Provide full coat primer only if damage is extensive. Treat all weld areas with phosphoric acid (5% solution). 
	.17 Structural Steel/Miscellaneous Steel (Previously Painted and Exposed by Alterations Work):  Remove oil, grease, dirt, rust scale, loose mill scale, loose paint or coating by brush-off blast cleaning to SSPC-SP7 or by water blasting at minimum 215.4 kPa/cm2 (200 psi) at minimum flow rate of 0.25 l/sec (4 gal/min). 
	.18 Metal Stacks, Breeching, and Piping:  Blast clean to 37-50 µm (1.5-2 mil) profile using grit abrasive to SSPC-SP6. 
	.19 Aluminium:  On exterior products, allow to weather for 4 to 6 weeks and high-pressure steam or solvent wash to remove surface contamination. Remove thin oxide film or corrosion by power cleaning or hand clean such as sanding or scraping.  For interior application,  solvent clean to SSPC-SP1 to remove oil, grease, dirt, oxides and other foreign material. 
	.20 Galvanized Steel (weathered):  Remove dust, dirt, grease, oxides and other foreign material and clean to SSPC-SP1 prior to coating. 
	.21 Hot Dipped Galvanized Steel (unweathered):  Allow to weather minimum of twenty six (26) weeks and Xylene clean to SSPC-SP1 prior to coating to remove dust, dirt, grease, oxides and other foreign material.  Remove silicates or similar surface treatments or any deposits of white rust by sanding or similar abrasive methods (bronze wool). Use of acetic acid to prepare galvanized surfaces is not acceptable. 
	.22 Woodwork for Painting:  Seal all knots and sapwood in surfaces to receive paint with alcohol-based primer-sealer. Sand smooth rough surfaces of all woodwork to be finished and clean surfaces free of dust before applying first coat.  Fill nail holes, splits and scratches with non shrinking filler after first coat are dry.  Remove salt deposits that may appear on wood surfaces treated with fire retarder. 
	.23 Plastic (PVC):  Solvent clean to SSPC SP1. Sand lightly with No. 120 sandpaper and remove dust. 
	.24 Concrete Horizontal Surfaces:  If concrete is less than twenty six (26) weeks old or has been previously painted, clean surface and etch with muriatic acid with extenders. Rinse out etching compound with clean water and tri-sodium-phosphate (TSP) to neutralize acidity of surface (pH 6.5-7.5). Rinse out with clean water 2 to 3 times and allow to dry.  Verify that moisture content is less than 12% before proceeding with painting. 
	.25 Concrete Vertical Surfaces:  Use sand blasting, high pressure water blasting, high pressure water blasting with abrasives, vacuum blasting with abrasives or alternatively, needle guns or power grinders equipped with suitable grinding stone, to remove concrete, loose mortar, fins, projections and surface contaminants.  Vacuum or blow down and remove dust and loose particles from surface. 
	.26 Concrete Floors:  Prepare in accordance with CGSB 85-GP-32M. 
	.27 Concrete Block Masonry: Fill voids and cracks in masonry block wall to provide uniform surface for subsequent coats. 


	3.5 General Application of Paint and Finishes 
	.1 Verify by review of other Sections of this Specification, the extent of surfaces primed as part of the Work of other Sections, and include for priming of unprimed surfaces which are scheduled or specified to be painted. 
	.2 Back prime fitments and similar Work as soon as it is delivered and before it is installed.  Use exterior primer compatible with the finish coat for exterior Work, and enamel undercoat for interior Work to  receive paint or enamel finishes.  Prevent primer from running over faces. 
	.3 Unless otherwise specified, apply paint by brush or rollers.  Spray paint ceilings and exposed areas above the ceiling only when requested or approved by the Contract Administrator, and in other areas only when restricted to access and approved by the Contract Administrator,.  Discontinue spaying if prohibited by the Contract Administrator, became of inadequate coverage, overspray, paint fog drift, or disturbance to other work. 
	.4 Use only brushes for enamels for painting wood. 
	.5 Provide finish uniform in sheen, colour and texture, free from streaks, shiners and brush or roller marks or other defects.  Apply materials in accordance with Manufacturer' directions and Specifications.  Do not use adulterants.  
	.6 Finishes and number of coats specified hereinafter in Finish Schedule are intended as minimum requirements guide only.  Refer to Manufacturer’s recommendations for exact instructions for thickness of coating to obtain optimum coverage and appearance.  Some materials and colours may require additional coats and deeper colours may require use of Manufacturers' special tinted primers.  Unless otherwise specified, provide three (3) coats finish as minimum finish. Obtain colour chart giving colour schemes and gloss value for various areas from the City.  Colour chart shall give final selection of colours and surface textures of all finishes, and whether finishes are transparent (natural) or opaque (paint). 
	.7 Advise when each applied paint coat can be inspected.  Do not recoat without inspection.  Tint each coat slightly to differentiate between applied coats.  Sand smooth enamel and varnish undercoats prior to recoating.  Apply primer coat soon after surface preparation is completed to prevent contamination of substrate. 
	.8 Read Mechanical and Electrical Specifications for instruction on painting Mechanical and Electrical work and perform such work under supervision of respective Mechanical and Electrical Divisions.  Finish paint primed mechanical equipment:  heaters, convectors, radiators, wall fin perimeter induction units, fan coil units, and similar items. Prime and paint exposed, unfinished electrical raceways, fittings, outlet boxes, junction boxes, pull boxes, and similar items. Keep sprinkler heads free of paint. Take steps to protect gauges, identification plates and similar items from being painted over or paint splattered. Remove grilles, covers, and access panels for mechanical and electrical systems from installed location and paint separately, if these items are not factory finished, Paint work to match surfaces they are seen against unless directed otherwise. Paint interior surfaces of air ducts visible through grilles and louvres, with one (1) coat of flat black metal paint to limit of sight line. 
	.9 Maintain at the site at all times until the Work is completed, a moisture meter, hygrometer, and thermometer to verify surface and environmental conditions. 
	.10 Perform painting and coating Work under supervision of an experienced foreman using clean equipment designed for the purpose used. 
	.11 Unless otherwise specified, follow the specific instructions of the manufacturer(s) of the products used. 
	.12 Apply finishing products to provide full coverage at a rate not to exceed that stated by the manufacturer for applicable surface, free from perceptible defects, and with even colour, sheen and texture.  Vary the tone of each coat slightly to permit supervision identity. 
	.13 Make clean, true junctions with no overlap between adjoining applications of finish coatings. 
	.14 Leave all parts of mouldings and ornaments clean and true to details with no undue amount of coating in corners and depressions. 
	.15 Use products of a single Manufacturer in each coating application. 
	.16 Apply each coat only after the preceding coat is dry and hard, or as otherwise directed by the product Manufacturer. 
	.17 Sand wood and metal surfaces lightly with No. 00 sandpaper between coats. 
	.18 Use paint or finish thinners only where specified or directed by the paint Manufacturer. 
	.19 Apply paint and coatings only when the ambient temperature and the temperature of the surface to be painted exceed 4.4°C., except for materials and locations listed below where ambient and surface temperatures must exceed the temperatures stated: 
	.1 Latex paint for surfaces inside the building - 7°C. 
	.2 Latex paint for surfaces outside the building - 10°C. 
	.3 Enamels for all surfaces - 21°C. 

	.20 Do not: 
	.1 Apply finishes in direct sunlight that raises surface temperature above that required for proper application and drying 
	.2 Apply exterior finishes in rainy, foggy, or windy weather 
	.3 Apply exterior finishes when relative humidity exceeds 85%, when condensation has formed or is likely to form on the surface, nor immediately following rain, frost, or formation of dew  
	.4 Apply finishes when dust is being raised  
	.5 Apply finishes to cement board products, pipe and/or duct and/or equipment insulation, concrete or masonry surfaces that contain in excess of 12% moisture, or to wood products that contain in excess of 15% moisture except where the wood product would normally contain in excess of 15% moisture   

	.21 Paint the following items. 
	.1 Areas and surfaces indicated to be painted on finish schedules 
	.2 Areas and surfaces indicated to be painted on detail drawings 
	.3 Exposed exterior and interior ferrous metal (black or galvanized steel, cast and ductile iron), including structural steel, miscellaneous metal work, hollow metal doors and frames, piping, ductwork, conduit and similar metal raceway, non-prefinished metal, flashing, hangers, and supports 
	.4 Concealed or exposed ferrous metal (black or galvanized) built into or fixed to dissimilar materials inside or outside building(s)  
	.5 Exterior and interior wood surfaces where exposed  
	.6 Interior surfaces of poured concrete where exposed  
	.7 Interior surfaces of concrete block masonry work  
	.8 Interior and exterior machinery, equipment, supports and accessories, pump mechanisms, engine-generator set(s) and similar equipment and accessories, including shop finished items 
	.9 Exposed insulated piping, ductwork, and equipment and accessories 
	.10 Exposed copper, brass, plastic, and FRP unless otherwise specified 
	.11 Back surfaces of aluminium and stainless steel when in contact with concrete and/or steel 
	.12 Steel and copper piping (whether insulated or not) concealed behind false work or ceilings etc. To receive at least one prime coat  
	.13 All existing surfaces disturbed by work of this contract or contractor's forces  
	.14 Prime paint as minimum walls etc. before installing electrical panels 

	.22 Unless otherwise specified, DO NOT apply paint or finish to the following: 
	.1 Finishing hardware. 
	.2 Equipment nameplates and other such identification. 
	.3 Switch, receptacle and other electrical device faceplates except if constructed of prime coat painted or galvanized steel, in which case they are to be painted. 
	.4 Lighting fixtures. 
	.5 Stainless steel. 
	.6 Chrome plated surfaces, and polished or lacquered brass or bronze surfaces. 
	.7 Underground piping and accessories. 
	.8 Surfaces factory coated with baked epoxy or enamel. 
	.9 Plastic laminate surfaces. 
	.10 Manhole and catch basin covers. 
	.11 Covers or strainers associated with floor drains, cleanout terminations, and similar equipment. 
	.12 Recessed electrical boxes and similar recessed equipment unless they are not prime coat painted or galvanized. 
	.13 Piping, ductwork, conduit and similar mechanical and electrical materials where concealed inside building(s) (except steel and copper pipe). 
	.14 Exterior poured concrete and masonry surfaces. 
	.15 Valve handles. 
	.16 Control panels. 
	.17 Circuit breakers, switches, receptacles, and similar electrical devices. 
	.18 Caulked joints. 
	.19 Prefinished sheet metal flashing. 
	.20 Prefinished exterior wall louvres. 
	.21 Prefinished exterior metal soffit. 


	3.6 Paint Formula: 
	.1 Apply paint to surfaces with the following: 
	.1 Shop Finished Metal Work:  Paint, unless otherwise specified, all shop finished metal cabinets, panels, equipment, machinery and similar items with one coat of semi-gloss alkyd melamine thermosetting metal finishing enamel or a similar semi-gloss thermosetting or air dried enamel approved by the Contract Administrator. Paint colour of electrical components, unless otherwise specified, is to be white to CGSB-513-201 with all paint from the same batch to ensure a uniform colour throughout.  The Engineer from CGSB Standard Paint Colours, Section 5, 1-GP-12C, will select Colour(s) for all other equipment.  Standard shop colours will not be acceptable unless approved in writing by the Contract Administrator. 
	.2 Shop Primed Carbon Steel, Black and Cast or Ductile Iron Above Ground: 
	.1 One coat of Glid-Guard Tank and Structural Primer 4160. 

	.3 Non-Primed Black Carbon Steel, Black, and Cast or Ductile Iron Above Ground: 
	.1 One coat of Oakite surface preparation. 
	.2 Two coats of Devran 4170 Corrosion Resistant Epoxy Primer 3.0 to 4.0 mils DFT. 

	.4 Submerged Ferrous Metal Including Cast or Ductile Iron and Black or Galvanized Carbon Steel:  Prime and Paint as follows: 
	.1 SSPC-SP-10 Near White Sandblast. 
	.2 One coat Bar-Rust 235 Advanced Epoxy Technology at 5.0 to 6.0 mils DFT. 
	.3 One coat Bar-Rust 235 Advanced Epoxy Technology at 5.0 to 6.0 mils DFT. 

	.5 Galvanized Metal or Aluminium Above Ground: Prime and Paint as follows: 
	.1 One coat of Oakite surface preparation. 
	.2 DevGuard 4120 All Purpose Metal and Galvanized Primer at 1.5 to 2.0 mils DFT. 
	.3 DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.6 Galvanized Metal Field Cut Surfaces: 
	.1 Prime with one coat of Catha-Coat 326 Organic Zinc Rich Epoxy Primer at 2.0 mils DFT. 

	.7 Bitumen and/or Tar Coated Surfaces:  Prime and Paints follows: 
	.1 Two coats Glidden Stain Jammer # 200 at 1.0 to 1.5 mils DFT. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0p mils DFT. 

	.8 Metal Surfaces Designated for High Heat Condition: 
	.1 One coat Catha-Coat 304 Ethyl-Silicate Inorganic Zinc at 1.5 to 2.5 mils DFT. 
	.2 Two coats Devoe HT-10 Modified Silicone High Heat Coating at 1.0 mils DFT. 

	.9 Concrete Block and Poured Concrete Inside Building: 
	.1 One coat Glidden Ultra Block # 36250. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.10 Wood, Including Plywood for Paint Finish: 
	.1 One coat Glidden Alkyd Enamel Undercoat # 9431 at 1.0 to 1.5 mils DFT. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.11 Canvas Insulation Jacket: 
	.1 One prime coat Glidden Ultra Latex Sealer # 36600 at 1.0 to 1.5 mils DFT. 
	.2 Two coats DevGuard 4308 Alkyd Industrial Gloss Enamel at 1.5 to 2.0 mils DFT. 

	.12 Concrete Floor Slab and Inside Vertical Surfaces of Fuel Tank Curbed Enclosure:  Prime and paint as follows: 
	.1 One prime coat of 78-D-7 "Hi Build" epoxy (buff colour), to a 50 micron DFT. 
	.2 One finish coat of 78-W-3 "Hi-Build" epoxy (white colour), to a 100 micron DFT. 
	.3 One finish coat of 78-D-7 "Hi-Build" epoxy (buff colour), to a100 micron DFT. 



	3.7 Adjustment and Cleaning 
	.1 Touch up and refinish minor defective Work.  Refinish the entire surface where the finish is damaged or not acceptable, including areas exhibiting incomplete or unsatisfactory coverage.  Patching will not be permitted. 
	.2 Remove spilled or splattered finish materials from surfaces of Work performed under other Sections.  Do not mar surfaces while removing. 
	.3 Clean and make good surfaces soiled or otherwise damaged in connection with work of this Section.  Pay the cost of replacing finishes or components that cannot be satisfactorily cleaned. 
	.4 Upon completion, remove masking and clean adjacent surfaces free of over spray spatters, drips, smears and over spray. 

	3.8 Disposal of Paint Waste 
	.1 Be responsible for removal and disposal of material and waste generated by this Section. 
	.2 Remove empty and partly used containers from Site and recycle or dispose of as Hazardous Waste in accordance with local municipal, provincial and federal environmental regulations. Provide proof of such action in form of receipts of tipping fees, disposal fees or bills of lading, as applicable. 
	.3 Remove from Site peripheral items, such as clean up solvents, paintbrushes, rags, and similar items and dispose of where necessary in accordance with local municipal, provincial and federal environmental regulations. 
	.4 Do not rinse off of latex paints from brushes and rags under running water tap. While work is ongoing, whether using latex or alkyd products, rinse off all brushes and rags in container with appropriate solvent (water or paint thinner). Leave such container in well-lit and well ventilated area, away from any flammable conditions. Dispose of emulsion created in accordance with local municipal, provincial and federal environmental regulations. 
	.5 Wipe or drain clean empty containers.  Allow remaining film to dry before disposal.  Recycle metal containers and dispose of containers which are not recyclable.  Ensure non recyclable containers are acceptable to disposal recipient authority. 
	.6 Dispose paint that cannot be recycled as hazardous waste.  Generators of Hazardous Waste shall be registered and disposal shall be in accordance with regulations of authorities.  When handling coating materials, approved vapour/particulate respirator shall be worn as protection from solvent vapours; dust respirators are not acceptable. 
	.7 Remove cleanup solvents and recycle if possible. 
	.8 Treat non-recyclable thinners and paint sludge as hazardous waste. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and installation of monorail and hoist systems 
	.2 Testing and start-up reports 

	1.2 Design Criteria 
	.1 Monorail system shall be designed in conformance to the NBC. 
	.2 Steel components shall conform to Section 05120 – Structural Steel. 
	.3 Monorail system shall be designed for safe service live loading of 8.9 kN (900 kg) plus impact. 
	.4 Design supports systems and monorail beams including all hangers, bracing, plates, bolts, nuts, washers, shims, etc. 

	1.3 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Indicate size and description of all components, materials, attachment devices, finish and construction details, maximum lift height, and safe loading. 
	.3 Shop Drawings and design briefs shall be signed and sealed by a Professional Engineer registered in the Province of Manitoba. 

	1.4 Maintenance Data 
	.1 Provide maintenance data for hardware complete with pertinent details, spare parts lists, and warnings against harmful maintenance materials and practices for incorporation into maintenance manual. 

	1.5 Extended Warranty 
	.1 Contractor hereby warrants that the monorail and hoist system will remain operative in accordance with General Conditions, but for five (5) years. 

	2. PRODUCTS 
	2.1 Monorail Systems 
	.1 All material shall be suited for a high humidity environment 
	.2 Monorail and bracing: steel conforming to Section 05120 - Structural Steel with finishes to Section 09900 – Finish Painting. 
	.3 Trolley and hoists: manual operation, factory applied high quality finishes for indoor use; factory colours. 
	.4 Chains: stainless steel type 316. 
	.5 Fasteners: stainless steel type 316. 
	.6 Maximum lift height: from Clearwell floor elevation to 4 m above Inlet Building finished floor elevation (approximately total 12.1 m lift). 
	.7 Provide and install a decal for each side of monorail reading, “MAXIMUM LOAD 900 kg”, in black letters minimum 100 mm in height. 


	3. EXECUTION 
	3.1 Transportation and Storage 
	.1 Transport and store hoist and trolley equipment as required by the Manufacturer. 

	3.2 Installation 
	.1 Install monorail, trolley, and hoist in accordance with Drawings and Manufacturer’s instructions. 
	.2 Touch up any damaged finishes. 
	.3 Ensure operation is smooth and lifting capacity and lift height are as specified. 
	.4 Test system to 150% of design load.  Submit testing and start-up report. 

	3.3 Damaged Members 
	.1 Repair or replace members damaged during transit or erection, before securing in position. 
	.2 Upon completion, touch up and restore damaged or defaced factory finished surfaces to new condition. 
	.3 Touch up shop primer bolts, welds, and burned or scratched surfaces at completion of installation. 
	.4 Remove protective coverings and clean exposed surfaces after completion.  Leave equipment and appurtenances in a first class condition. 
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	1. GENERAL 
	1.1 Intent 
	.1 Provide complete, fully tested and operational mechanical systems to meet the requirements described herein and in complete accord with applicable codes and ordinances. 
	.2 Contract Documents and Drawings of this Division are diagrammatic and approximately to scale unless detailed otherwise.  They establish scope, material, and installation quality and are not detailed installation instructions. 
	.3 Follow Manufacturers’ recommended installation details and procedures for equipment, supplemented by requirements of Contract Documents. 
	.4 Install equipment generally in locations and routes shown.  Run piping and ductwork close to building structure, parallel to building lines to maximise head room and with minimum interference with other services and free space.  Remove and replace improperly installed equipment to satisfaction of the Contract Administrator at no extra cost. 
	.5 Install equipment to provide access and ease of maintenance. 
	.6 Connect to equipment specified in other Sections and to equipment supplied and installed by others or by the City. 
	.7 Install control valves, control dampers, thermal wells, and other devices on piping and ducts supplied under this contract. 
	Clauses that include the word “Clearwell” in the heading shall only be applicable to the mechanical provisions and requirements that are part of the Clearwell Structure.  This includes the Clearwell substructure, superstructure, Inlet Building, and/or Outlet Structure. 

	1.2 Coordination of Work 
	.1 Cooperate and coordinate with other contractors on the Site. 
	.2 Make reference to electrical, mechanical, structural and architectural Drawings when setting out Work.  Consult with respective Divisions in setting out locations for ductwork, equipment, and piping, so that conflicts are avoided and symmetrical even spacing is maintained.  Jointly resolve all conflicts on Site before fabricating or installing any materials or equipment. 
	.3 Where dimensional details are required, coordinate with the applicable architectural and structural Drawings. 
	.4 Any areas indicated as space for future materials or equipment shall be left clear. 

	1.3 Permits 
	.1 Contractor shall arrange for inspections of the Work by the authorities having jurisdiction and shall provide certificates indicating Final Approval. 

	1.4 Quality of Work 
	.1 All Work shall be by qualified tradesmen with valid Provincial Trade Qualification Certificates.  Spot checks will be made by the Contract Administrator. 
	.2 Work which does not conform to standards accepted by the Contract Administrator and the trade may be rejected by the Contract Administrator.  The Contractor shall redo rejected Work to the accepted standard at no cost to the City. 

	Metric Conversion 
	.1 All units in this Division are expressed in SI units. 
	.2 Submit all Shop Drawings and maintenance manuals in SI units. 
	.3 On all submittals (Shop Drawings etc.) use the same SI units as stated in the Specification. 
	.4 Equivalent nominal diameters of pipes - Metric and Imperial: 
	.1 Where pipes are specified with metric dimensions and imperial sized pipes are available, provide equivalent nominal imperial sized pipe as indicated in the table, and provide at no extra cost adapters to ensure compatible connections to all metric sized fittings, equipment, and piping. 
	.2 When CSA approved SI Metric pipes are provided, the Contractor shall provide at no extra cost adapters to ensure compatible connections between the SI Metric pipes and all new and existing pipes, fittings, and equipment.

	.5 Metric Duct Sizes: 
	.1 The metric duct sizes are expressed as 25 mm = 1” 


	1.6 Shop Drawings  
	.1 Refer to Section 01300 – Submittals. 

	Cutting, Patching, and Coring 
	.1 Provide holes and sleeves, cutting and fitting required for mechanical Work.  Relocate improperly located holes and sleeves. 
	.2 Drill for expansion bolts, hanger rods, brackets, and supports. 
	.3 Obtain written approval from the Contract Administrator before cutting or burning structural members. 
	.4 Provide openings and holes required in precast members for mechanical Work.  Cast holes 100 mm (4 inch) or larger in diameter.  Field cut smaller than 100 mm (4”). 
	.5 Patch building where damaged from equipment installation, improperly located holes etc.  Use matching materials as specified in the respective section. 

	1.8 Excavation and Backfill 
	Refer to requirements of Division 2. 
	.2 Provide all excavating to facilitate installation of the mechanical portions of the Work, including shoring, pumping, 150 mm (6”) compacted sand bedding under and first 300 mm (12”) of compacted sand over piping and ducting. 

	1.9 Installation of Equipment 
	.1 Pipe all equipment drains to buckets. 
	.2 Unions and flanges shall be provided in piping or ductwork to permit easy removal of equipment. 
	.3 Maintain permanent access to equipment for maintenance. 

	1.10 Fire-Stopping 
	.1 Fire-stop all pipe, duct, conduit and wire penetrations through floors and walls, designated as fire and/or smoke separations.  The Contractor is required to coordinate with the architectural Drawings to contractual rated wall types and installation details. 
	.2 Fire-stopping materials to meet ULC CAN 2S115.  Acceptable Materials:  by "Tremco" or "National Firestopping". 
	.3 Preparation of surfaces and installation of fire-stopping materials shall be carried out as per Manufacturer's instructions. 

	1.11 Connections to Existing Services 
	.1 Maintain liaison with Contract Administration and provide a schedule to interrupt, re route or connect to water, sewer, heating, or gas systems, with minimum interruption of services. 
	.2 Major services shall not be interrupted before all preparatory work is completed and all required materials are on Site.  Provide a minimum of forty eight (48) hours notice for all service shutdowns. 
	.3 Interruptions and shutdowns of existing services shall be by the City. 

	1.12 Equipment and Materials 
	.1 Materials and equipment installed shall be new, full weight and of quality specified. 
	.2 Each major component of equipment shall bear Manufacturer’s name, address, catalogue and serial number in a conspicuous place. 
	.3 Where two or more products of the same type are required, products shall be of the same Manufacturer. 

	1.13 Equipment Protection and Clean Up 
	.1 Protect equipment and materials in storage on Site during and after installation until final acceptance.  Leave factory covers in place.  Take special precautions to prevent entry of foreign material into working parts of piping and duct systems. 
	.2 Protect equipment with polyethylene covers and crates. 
	.3 Operate, drain and flush out unsealed bearings and refill with new change of oil, before final acceptance. 
	.4 Thoroughly clean piping, ducts and equipment of dirt, cuttings, and other foreign substances. 
	.5 Protect bearings and shafts during installation.  Grease shafts and sheaves to prevent corrosion.  Supply and install necessary extended nipples for lubrication purposes. 
	.6 Ensure that existing equipment is carefully dismantled and not damaged or lost.  Do not reuse existing materials and equipment unless specifically indicated. 

	1.14 Electrical Motors 
	.1 Supply mechanical equipment complete with electrical motors. 
	.2 Provide motors designed, manufactured, and tested in accordance with the latest edition of the following codes and standards:  NEMA, EEMAC, CSA, Canadian Electrical Code Part 1, IEEE and ANSI.  All motors to be CSA labelled.  All motors to be approved for use in the designated area classification by the Provincial Electrical Protection Branch.  All motors intended for use with a variable speed drive shall be inverter duty rated. 
	.3 Unless specified otherwise, provide motors designed for full voltage starting, EEMAC Design B.  Motors driving high torque or high inertia loads may be EEMAC Design C or D. 
	.4 Provide motors rated for continuous duty with 1.15 service factor unless specified otherwise in the driven equipment specifications.  Provide all motors with thermal overload protection. 
	.5 Motors less than 0.5 hp shall be 120 V, 60 Hz, 1 phase.  Motors 0.5 hp and larger shall be 3 phase at the indicated voltage. 
	.6 All motors shall be 1800 rpm unless otherwise indicated. 
	.7 Provide motors with grease or oil lubricated anti-friction type ball or roller bearings. 
	.8 Provide motors designed with Class B insulation; Class F insulation for totally enclosed motors. 
	.9 Refer to electrical specifications, Division 16, for voltage, frequency, and phase data.  This shall take precedence over any reference in Division 15. 
	.10 Where motor power is stated in watts or kilowatts, nominal motor horsepower multiplied by 746 or 0.746 respectively, has been used as the conversion factor. 
	.11 Minimum certified motor efficiency shall be as outlined the following table, or premium efficiency, whichever is higher. 
	 

	1.15 Access Doors 
	.1 Access doors shall be steel frame access panel with stainless steel piano-type hinge, channel reinforced steel door. 

	1.16 Miscellaneous Metals 
	.1 Provide all necessary miscellaneous to hang or support materials, equipment and provide access for Work under this Contract. 
	.2 All miscellaneous metals shall be prime painted. 
	.3 Miscellaneous metals shall include but not limited to: 
	Hangers for equipment, piping, and ductwork 
	.2 Support for equipment 


	1.17 Escutcheon and Plates 
	.1 Provide escutcheon and plates on piping and ductwork passing through finished walls, floors, and ceilings. 
	.2 Escutcheons shall be split type, stainless or chrome plated steel. 

	1.18 Painting and Identification 
	.1 Coordinate colour coding of piping and equipment with Work of Division 9. 
	.2 Colour code mechanical equipment, piping and exposed ductwork.  Refer to colour schedule in Article 1.19 of this Section. 
	.3 Legend and direction of flow arrows shall consist of adhesive backed labels, yellow colour, with minimum 20 mm (0.75”) high black lettering equal to Brady System B-500, vinyl cloth labels for non-insulated surfaces; and Brady B 946 for insulated surfaces. 
	.4 Identify piping with labels, colour bands, and flow arrows.  Provide identification at 15 m (50 ft) maximum intervals, before and after pipes pass through walls, at all sides of tees, behind access doors and in equipment rooms as required. 
	.5 Apply colour bands at both ends of the label with primary colour bands used to secure both ends of individual labels.  Refer to colour schedule at end of this Section. 
	.6 Provide 20 mm (0.75”) diameter brass, with metal photo black numbers, or white lamacoid with black engraved numbers, secured to valve stem with key chain. 
	.7 Provide neat, typewritten directories, giving valve number, services, and location.  Frame one copy under glass for wall mounting as directed, second copy to be forwarded to Contract Administration.  Include copies in O&M Manuals. 
	.8 Tag automatic controls, instruments and relays and match/key to control Shop Drawing identification numbers.  Tag all equipment and control panels. 
	.9 Identify electric starting switches, thermostats controlling motors, remote push button stations, and controls equipment supplied under this Division with lamicoid plates having 6 mm (0.25”) minimum letter size.  Identification to state equipment controlled. 
	.10 Identify the usage of duct access panels with self adhesive Brady stick-on coloured labels.  Apply labels conforming to the following schedule. 

	1.19 Colour Coding Schedule 
	.1 Colour numbers are called for in Canadian Government Specification No. 5-GP-1a.  Colours assigned from CGSB 1-GP-12c for colour code identification. 
	.2 Identification Symbols and Colour for Piping 
	Identification Symbols and Colours for Equipment: 
	.4 Mechanical Control Systems 
	.1 Conduit pull boxes, terminal boxes and junction boxes - GREY Covers - GREY with black ‘C’. 
	.2 Main and secondary control panels, factory finish acceptable - Contractor to install company label to identify. 

	.5 Ductwork 

	Temporary Heat 
	.1 Do not use the permanent system for temporary heating purposes without written permission from the Contract Administrator. 
	.2 Thoroughly clean and overhaul permanent equipment used during the construction period, replace worn or damaged parts before final inspection. 
	.3 Use of permanent systems for temporary heat shall not modify terms of warranty. 
	.4 Operate heating systems under conditions which ensure no temporary or permanent damage.  Operate with proper safety devices and controls installed and fully operational.   
	.5 Air systems shall not be used for temporary heating. 
	.6 When permanent systems are used for temporary heat, provide alarm indicating system failure.  Connect alarm to independent alarm company system. 

	1.21 Temporary or Trial Usage 
	.1 Temporary or trial usage by the City or Contract Administrator of mechanical equipment supplied under Contract shall not represent acceptance. 
	.2 Repair or replace permanent equipment used temporarily. 
	.3 Repair or otherwise rectify damage caused by defective materials or workmanship during temporary or trial usage. 
	.4 Avoid thermal shock to heating system by coordination with the City during planning, construction and operation of temporary heating system. 

	1.22 Acceptable Manufacturers 
	.1 The following listed manufacturers are acceptable for their ability to meet the general design intent, quality, and performance characteristics of the specified product.  The list does not endorse the acceptability of all products available from the listed manufacturers/suppliers. 
	.2 The Contractor shall be fully responsible for any additional Work or materials, to accommodate the use of equipment from the acceptable manufacturers and suppliers list. 
	.3 Submit within fourteen (14) days of Contract award a copy of the list underlining the name of the Manufacturer whose price was carried in the Bid.  If no Manufacturers’ names are submitted, it will be assumed that the price carried in the Bid was that of the specified Manufacturer or where the specified product is generic, the first acceptable Manufacturer listed for each item and equipment. 
	List of acceptable Manufacturers/Suppliers:
	.1 Access Doors
	.2 Actuators – Dampers
	.3 Air Handling Units 
	.4 Air Terminals - Grilles Registers, Diffusers
	.5 Backdraft Dampers
	.6 Backflow Preventers
	.7 Coils – Heating and Cooling
	.8 Dampers - Control, Backdraft
	.9 Eye Wash Fountains
	.10 Fans – Centrifugal Roof Exhausters
	.11 Fans – Centrifugal
	.12 Filters
	.13 Flexible Connectors – Ducting
	.14 Flexible Connectors – Piping
	.15 Gauges – Air
	.16 Gauges - OWG Pressure
	.17 Grooved Mechanical Pipe Joints
	.18 DX Condensing Units
	.19 Insulation – Piping and Duct
	.20 Louvres
	.21 Piping Hangers and Saddles
	.22 Pumps – Vertical In-Line and Base Mounted
	.23 Strainers
	.24 Thermometers
	.25 Valves – Butterfly
	.26 Valves, Bronze – Check, Ball
	.27 Valves – Pressure Reducing
	.28 Valves – Relief
	.29 Valves – Silent Check
	.30 Vent Caps
	.31 Vent Sets


	1.23 Installation 
	.1 Make all mechanical connections to equipment supplied by others under this Contract.  This shall include all water, drain, gas, exhaust, traps, ductwork and similar connections required.  Supply and Install isolation valves, unions, flanges and traps as required for a complete installation. 
	.2 Change to rough-in of services or final equipment connections due to a change in the make of equipment from that specified shall be made at no extra cost to the City, provided that proper Shop Drawings are available for rough-in.  Prior to commencing installation of rough in for the equipment, coordinate with the final reviewed equipment Shop Drawings and with the Manufacturer. 
	.3 Exposed piping shall be painted as per colour code specified. 
	.4 Arrange piping connections to allow for equipment removal. 

	2. PRODUCTS 
	2.1 Counter Flashing Materials 
	.1 Counterflashings:  galvanized sheet steel of 0.85 mm (22 gauge) minimum thickness. 
	.2 Counterflashings are attached to mechanical equipment and lap the base flashings on the roof curbs. 
	.3 All joints in counterflashings shall be flattened and soldered double seam.  Storm collars shall be adjustable to draw tight to pipe with bolts.  Caulk around the top edge.  Storm collars shall be used above all roof jacks. 
	.4 Vertical flange section of roof jacks shall be screwed to face of curb. 


	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 Scope 
	Test refrigerant piping 
	.2 Test low velocity ducts 
	.3 Test equipment 
	.4 Manufacturer's start-up of equipment 

	Quality Assurance 
	.1 Test equipment and material where required by Specification or authority having jurisdiction to demonstrate its proper and safe operation. 
	.2 Test procedures in accordance with the current applicable portions of ASME, ASHRAE, and other recognised test codes as far as field conditions permit. 
	.3 Perform tests on-site to the satisfaction of the Contract Administrator. 
	.4 Piping, fixtures, or equipment shall not be concealed or covered until inspected and approved by the Contract Administrator.  Provide ample written notice (two working days) to the Contract Administrator before tests. 
	.5 Use factory trained representatives and submit manufacturer's check sheets for starting the following specialty equipment. 
	.1 Air handling units 
	.2 Fans 
	.3 VSD units 
	.4 Control components 
	.5 Emergency showers and eye wash stations 
	.6 Pumps 

	.6 Prior to starting, testing, balancing, adjusting and cleaning processes, verify with Contract Administrator any tests required to be witnessed.  Provide sufficient notice to Contract Administrator prior to commencement of procedures. 
	.7 Contract Administrator shall be allowed to witness any testing, adjusting, starting, balancing and cleaning procedures. 
	.8 Assume all costs associated with starting and testing, including the supply of testing or cleaning medium. 
	.9 Prior to starting equipment or systems, secure and review Manufacturer's installation, operation, and starting instructions.  Read in conjunction with procedures defined herein. 
	.10 Use Manufacturer's starting personnel where required to ensure integrity of Manufacturer's warranty. 
	.11 Compare installations to published Manufacturer's data and record discrepancies.  Items proving detrimental to equipment performance shall be corrected prior to equipment starting. 
	.12 Some processes involved in starting procedures defined in this Section may be duplications of authorities’ verification.  To facilitate expedient completion of project, arrange for authorities to assist or witness these procedures.  (Gas inspectors, pressure vessels inspections etc.) 
	.13 All starting, testing procedures shall be in accordance with applicable portions of the latest, current ASME, ASHRAE, AABC, CSA, NFPA, SMACNA, ASTM, and ASPE codes and standards. 
	.14 Personnel involved in starting, testing, balancing, and adjusting procedures shall be experienced in the design and operation of mechanical equipment and systems being checked and shall be able to interpret results of the reading and tests. 
	.15 Assume all liabilities associated with starting, testing and balancing procedures. 

	1.3 Submittals 
	.1 Obtain certificates of approval, acceptance, and comply with current rules and regulations from authorities having jurisdiction and include in O&M Manuals. 
	.2 Perform tests as specified and upon completion of mechanical installation.  Provide certification of tests with detailed data as required.  Itemise each test as to time performed and personnel responsible.  Include in O&M Manuals. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	Pressure Tests 
	.1 Provide equipment, materials and labour for tests and pay expenses.  Use calibrated test instruments and furnish certificate showing degree of accuracy.  Install permanent gauges and thermometers used for tests just prior to tests to avoid possible changes in calibration. 
	.2 Carry out tests for an eight (8) hour period and maintain pressure with no appreciable pressure drop.  Where leakage occurs, repair and re-test and pay necessary costs for re witnessing. 
	.3 Water Piping: test to 1.5 times maximum working pressure or 1033 kPa, whichever is greater, water pressure measured at system low point. 
	.4 Natural Gas: test as required by current edition of CAN/CSA-B149.1, and authority having jurisdiction. 
	.5 Ducts: test ducts as per current edition of SMACNA Manual for low pressure ductwork. 
	.6 Check systems during application of test pressure including visual check for leakage of water test medium, soap bubble test for air. 
	.7 During heating and cooling piping system tests, check linear expansion at elbows, U bends, expansion joints and offsets for proper clearance. 
	.8 When using water as test medium for system not using water, evacuate and dehydrate the piping and certify the lines are dry.  Use agency specialising in this type of Work. 
	.9 Should tests indicate defective Work or variance with specified requirements, make changes immediately to correct the defects.  Correct leaks by re-making joints in screwed fittings, cutting out and re-welding welded joints, re-making joints in copper lines.  Do not caulk. 

	General 
	.1 Conduct performance tests to demonstrate equipment and systems meet specified requirements after mechanical installations are completed and pressure tested.  Conduct tests as soon as conditions permit.  Make changes, repairs, and adjustments required prior to operating tests. 
	.2 Operate and test motors and speed switches for correct wiring and sequences and direction of rotation.  Check and record overload heaters in motor starters. 
	.3 Confirm voltages and operating amperages at full load. 
	.4 Failure to follow instruction pertaining to correct starting procedures may result in re evaluation of equipment by an Independent Testing Agency selected by the City at the Contractor's expense.  Should results reveal equipment has not been properly started, equipment may be rejected, removed from Site, and replaced.  Replacement equipment shall also be subject to full starting procedures, using same procedures specified on the originally installed equipment. 

	3.3 Procedures 
	.1 Procedures shall be identified in the following phases: 
	.1 Pre-Starting: visual inspection 
	.2 Starting: actual starting procedure 
	.3 Post-Starting: operational testing adjusting or balancing, and equipment run-in phase 
	.4 Pre-Interim Acceptance of the Work: final cleaning, re-testing, balancing and adjusting, and necessary maintenance 
	.5 Post-Interim Acceptance of the Work: repeat tests and fine-tuning resulting from corrective action of deficiency clean-up 

	.2 Check specified and Shop Drawing data against installed data. 
	.3 Check the installation is as defined by Contract Documents and as per Manufacturer's recommendations including manufacturer's installation check sheets. 
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	1. GENERAL 
	1.1 Scope 
	.1 Pipe hangers and supports 
	.2 Duct hangers and supports 
	.3 Flashing for mechanical equipment 
	.4 Sleeving for mechanical equipment 

	1.2 Reference Standards 
	.1 Pipe supports shall meet the requirements of current edition of ANSI B31.1, Power piping. 
	.2 Duct hangers shall follow the recommendations of the current edition of the SMACNA Duct Manuals. 

	1.3 Submittals 
	Submit Shop Drawings of each factory manufactured component. 

	1.4 General Requirements 
	.1 Supply and Install hangers and supports to secure equipment in place, prevent vibration, maintain grade, provide for expansion and contraction and to accommodate insulation; provide insulation protection saddles. 
	.2 Supply and Install supports of strength and rigidity to suit loading without unduly stressing building.  Locate adjacent to equipment to prevent undue stresses in piping and equipment. 
	.3 Select hangers and supports for the service and in accordance with the Manufacturer's recommended maximum loading.  Hangers shall have a safety factor of 5 to 1. 
	.4 Fasten hangers and supports to building steel or inserts in concrete construction. 
	.5 Supply and Install and set sleeves required for equipment, including openings required for placing equipment.  Provide sleeves for all pipe and duct penetrations through walls, ceilings, floors and footings.  Pipe sleeves are not required where pipes pass through cored concrete walls or floors. 
	.6 Dielectrically isolate dissimilar metals. 
	.7 Obtain approval from the Contract Administrator prior to drilling for inserts and supports for piping systems. 
	.8 Obtain approval from the Contract Administrator prior to using percussion type fastenings. 
	.9 Use of piping or equipment for hanger supports is not permitted. 
	.10 Use of perforated band iron, wire or chain as hangers is not permitted. 
	.11 Do not weld piping, ductwork or equipment supports to building metal decking or building structural steel supports unless prior written approval has been obtained from the Contract Administrator. 
	.12 Where deemed necessary by the Contract Administrator the Contractor shall, at his own cost, employ a structural Professional Engineer Registered in the Province of Manitoba to design equipment supports and/or pipe anchors. 

	2. PRODUCTS 
	2.1 Inserts 
	.1 Inserts shall be malleable iron case or galvanized steel shell and expander plug for threaded connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms. 
	.2 Size inserts to suit threaded hanger rods. 

	2.2 Pipe Hangers and Supports 
	.1 Hangers, Pipe Sizes 15 mm to 40 mm: adjustable wrought steel ring. 
	.2 Hangers, Pipe Sizes 50 mm to 100 mm and Cold Pipe Sizes 150 mm Over: adjustable wrought steel clevis. 
	.3 Hangers, Hot Pipe Sizes 150 mm and Over: adjustable steel yoke and cast iron roll. 
	.4 Multiple or Trapeze Hangers: steel channels with welded spacers and hanger rods, cast iron roll and stand for hot pipe sizes 150 mm and over. 
	.5 Wall Support, Pipe Sizes to 80 mm: cast iron hook. 
	.6 Wall Support, Pipe Sizes 100 mm and Over: welded steel bracket and wrought steel clamp; adjustable steel yoke and cast iron roll for hot pipe sizes 150 mm and over. 
	.7 Vertical Support: steel riser clamp. 
	.8 Floor Support, Pipe Sizes to 100 mm and All Cold Pipe Sizes: cast iron adjustable pipe saddle, locknut nipple, floor flange and concrete pier to steel support. 
	.9 Floor Support, Hot Pipe Sizes 125 mm and over: adjustable cast iron roll and stand, steel screws and concrete pier or steel support. 
	.10 Supply and Install hangers so they cannot become disengaged by movements of supported pipe. 
	.11 Supply and Install copper plated hangers and supports for copper piping or provide sheet lead packing between hanger or support and piping.  Provide galvanized hangers and supports for galvanized piping. 
	Support all piping below grade and under floor slabs in 3.2 mm continuous cadmium plated channel.  Support channel with cadmium plated clevis hangers and rods.  Install supports on centres as specified in 3.2.  Extend cadmium plated hanger rods 450 mm above slab rebar and bend back over rebar so as to provide a minimum of 450 mm of support in slab.  Do not stress rod when bending. 

	2.3 Clearwell Pipe Hangers and Supports 
	.1 Type 1 – Pipe Hanger (Stainless Steel): 
	.1 Upper Attachments: 
	.1 Concrete Inserts: heavy duty, stainless steel body, fibreglass bars, polypropylene disc. 
	.2 Standard of acceptance: Grinnell fig. 283. 

	.2 Hanger Rods: 
	.1 304 stainless steel rod, threaded both ends, threaded one end, or continuous threaded. 
	.2 Provide linkages where lateral or axial movement of pipework is anticipated. 

	.3 Pipe Attachments: 
	.1 304 stainless steel adjustable clevis with nipple spacer and vertical adjustment nuts above and below clevis. 


	.2 Type 2 – Pipe Hanger (Galvanized Steel): 
	.1 Upper Attachment: 
	.1 Inserts shall be malleable iron case or galvanized steel shell and expander plug for threaded connection with lateral adjustment, top slot for reinforcing rods, lugs for attaching to forms. 
	.2 Standard of acceptance: Grinnell fig. 282. 

	.2 Hanger Rods: 
	.1 Galvanized steel rod, threaded both ends, threaded one end, or continuous threaded. 
	.2 Provide linkages where lateral or axial movement of pipework is anticipated. 

	.3 Pipe Attachments: 
	.1 Galvanized carbon steel adjustable clevis with nipple spacer and vertical adjustment nuts above and below clevis. 
	.2 Standard of acceptance: Grinnell fig. 260. 


	.3 Type 3 – Offset Pipe Support: 
	.1 Clamp: 
	.1 304 stainless steel clamp and hardware. 


	.4 Size inserts to suit threaded hanger rods. 
	.5 Install hangers so they cannot become disengaged by movements of supported pipe. 

	2.4 Hanger Rods 
	.1 Provide steel hanger rods, threaded both ends, threaded one end, or continuous threaded. 

	2.5 Duct Hangers and Supports 
	.1 Conform to current edition of SMACNA handbooks. 

	2.6 Flashing 
	.1 Steel Flashing: 0.85 mm minimum thickness galvanized sheet steel. 
	.2 Lead Flashing: 25 kg/m² sheet lead for waterproofing, 5 kg/m² sheet lead for soundproofing. 
	.3 Safes: 25 kg/m² sheet lead or 0.5 mm neoprene. 
	.4 Caps: steel, 0.7 mm thickness minimum, 1.6 mm thickness at fire resistance structures. 

	2.7 Sleeves 
	.1 Pipes through Floors: form with 1.2 mm galvanized steel. 
	.2 Pipes through Beams, Walls, Fire Proofing, Footings, Potentially Wet Floor: form with schedule 40 steel pipe. 
	.3 Ducts: form sleeves with galvanized steel. 
	.4 Size large enough to allow for expansion with continuous insulation. 

	2.8 Pipe Seals 
	.1 Provide “Link seal” pipe sealing system where passing through room foundation walls. 

	2.9 Finishes on Hanger Rods, Hangers and Supports 
	.1 All steel hanger rods, hangers and supports shall be galvanized or factory primed with alkyd red oxide primer to CAN/CGSB – 1.40 Anticorrosive Structural Steel Alkyd Primer. 


	3. EXECUTION 
	3.1 Inserts 
	.1 Use inserts for suspending hangers from reinforced concrete slabs and sides of reinforced concrete beams wherever practicable. 
	.2 Set inserts in position in advance of concrete Work. Provide reinforcement rod in concrete for inserts carrying piping over 100 mm or ducts over 1500 mm wide. 
	.3 Where concrete slabs form finished ceiling, finish inserts flush with slab surface. 
	.4 Where inserts are omitted, drill through concrete slab from below and provide rod with recessed square steel plate and nut above slab. 

	3.2 Pipe Hangers and Supports 
	.1 Support horizontal steel and copper piping as follows: 
	.2 Install hangers to provide minimum 12 mm clear space between finished covering and adjacent work. 
	.3 Place a hanger within 300 mm of each horizontal elbow. 
	.4 Use hangers which are vertically adjustable 40 mm minimum after piping is erected. 
	.5 Support horizontal soil pipe near each hub with 1.5 m maximum spacing between hangers. 
	.6 Support vertical piping at every other floor.  Support vertical soil pipe at each floor at hub. 
	.7 Where several pipes can be installed in parallel and at same elevation, provide multiple or trapeze hangers. 
	.8 Where practical, support riser piping independently of connected horizontal piping. 
	.9 Use oversized hangers to accommodate pipe insulation thickness.  For pipes up to 50 mm use high density rigid pipe insulation at hanger location, with an insulation protection shield.  For pipes 65 mm and over, use insulation protection saddle. 

	3.3 Clearwell Pipe Hangers and Supports 
	.1 Pipe Hanger Schedule: 
	.2 Support PVC piping in accordance with Manufacturer’s recommendations: 
	.3 Install hangers to provide minimum 12 mm (½”) clear space between finished covering and adjacent Work. 
	.4 Place a hanger within 300 mm (12”) of each horizontal elbow. 
	.5 Use hangers which are vertically adjustable 40 mm (1½”) minimum after piping is erected. 
	.6 Where practical, support riser piping independently of connected horizontal piping. 

	3.4 Low Velocity Duct Hangers and Supports 
	.1 Hanger Minimum Sizes: 
	.1 Up to 750 mm wide:  25 x 1.6 mm at 3 m spacing 
	.2 790 to 1200 mm wide:  40 x 1.6 mm at 3 m spacing 
	.3 Over 1200 mm wide:  40 x 1.6 mm at 2.4 m spacing 

	.2 Horizontal Duct on Wall Supports Minimum Sizes: 
	.1 Up to 450 mm wide:  40 x 1.6 mm or 25 x 25 x 3 mm at 2.4 m spacing 
	.2 480 to 1000 m wide:  40 x 40 x 3 mm at 1.2 m spacing 

	.3 Vertical Duct on Wall Supports Minimum Sizes at 3.65 m spacing: 
	.1 Up to 610 mm wide:  40 x 1.6 mm 
	.2 640 to 900 mm wide:  25 x 25 x 3 mm 
	.3 940 to 1200 mm wide:  30 x 30 x 3 mm 
	.4 Over 1200 mm wide:  50 x 50 x 3 mm 

	.4 Vertical Duct Floor Supports Minimum Sizes, riveted or screwed to ducts: 
	.1 Up to 1520 mm wide:  40 x 40 x 3 mm 
	.2 Over 1520 mm wide:  50 x 50 x 3 mm 


	3.5 Equipment Bases and Supports 
	.1 Provide for floor mounted equipment, reinforced concrete housekeeping bases poured directly on structural floor slab 100 mm thick minimum, extended 100 mm minimum beyond machinery bedplates.  Provide templates, anchor bolts and accessories required for mounting and anchoring equipment. 
	.2 Construct supports of structural steel members or steel pipe and fittings.  Brace and fasten with flanges bolted to structure. 
	.3 Rigidly anchor ducts and pipes immediately after vibration connections to equipment. 

	3.6 Flashing 
	.1 Flash and counterflash where mechanical equipment passes through weather or waterproofed walls, floors, and roofs. 
	.2 Flash vent and soil pipes projecting 75 mm minimum above roof membrane with lead worked 25 mm minimum into hub, 200 mm minimum clear on sides with minimum 600 x 600 mm sheet size.  For pipes through outside walls turn flange back into wall and caulk. 
	.3 Flash floor drains over finished areas with lead 250 mm clear on sides with minimum 920 x 920 mm sheet size.  Fasten flashing to drain clamp device. 
	.4 Provide curbs for mechanical roof installations minimum 200 mm high. Flash and counterflash with steel; solder and make waterproof. 
	.5 Counterflashings are attached to mechanical equipment and lap the base flashings on the roof curbs. 

	3.7 Sleeves 
	.1 Set sleeves in position in advance of concrete Work. Provide suitable reinforcing around sleeve. 
	.2 Extend sleeves through potentially wet floors 25 mm above finished floor level.  Caulk sleeves full depth and provide floor plate. 
	.3 Piping and ductwork passing through floor, ceiling or wall, close off space between duct and sleeve and non-combustible insulation.  Provide tight fitting metal caps on both sides and caulk. 
	.4 Piping passing through mechanical room floor, roof or wall, close off space between pipe and sleeve with synthetic rubber compound mechanical type seals. 
	.5 Sleeves provided through walls or floors where liquids could potentially pass from one side to the other, provide sleeves with a 25 mm "flange" welded to the external face of the sleeve at the mid point of the thickness of the structure to provide a water stop. 
	.6 Install chrome plated escutcheons where piping passes through finished surfaces. 
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	1. GENERAL 
	1.1 Quality Assurance 
	.1 Welding materials, fabrication standards and labour qualifications must conform to ANSI/ASME B31.1, ANSI B16.25, ASME Section IX, and the Provincial Board of Labour Regulations latest current editions. 
	.2 Use welders fully qualified and licensed by Provincial Authorities. 
	.3 Gas Piping: National Standard of Canada CAN/CSA-B149.1, Natural Gas and Propane Installation Code. 
	.4 Drainage and Vent Piping: current Provincial and Municipal Codes. 
	.5 All below grade steel piping shall be yellow jacketed with taped and sealed joints. 
	.6 Non specified pipe joining and pipe fitting methods such as T-drill and press fit are not permitted in any piping system covered under Division 15. 

	2. PRODUCTS 
	Pipe 
	Fittings and Joints 
	2.3 Unions, Flanges and Couplings 
	.1 Size 50 mm and under:  1033 kPa malleable iron, bronze to iron ground joint unions for threaded ferrous piping, air tested for gas service, all bronze for copper piping. 
	.2 Sizes 65 mm and over:  1033 kPa forged steel welding neck flanges for ferrous piping, 1033 kPa bronze slip-on flanges for copper piping.  Gaskets shall be 1.5 mm thick performed synthetic rubber bonded asbestos.  Gaskets for gas service shall be synthetic rubber. 
	.3 Flange bolting:  For systems up to 120(C, use carbon steel stud bolts, semi-flushed and heavy hex nuts, ASTM A307-GrB.  For systems up to 215(C, use alloy steel bolts ASTM A193-GrB7, and semi-finished heavy hex nuts ASTM A194-Gr2H. 
	.4 Where permitted by the Contract Administrator, use grooved mechanical couplings to engage and lock grooved or shouldered pipe ends and to allow for some angular deflection, contraction and expansion.  Couplings consist of malleable iron housing-clamps, C-shaped composition sealing gasket EPDM Grade `E' and steel bolts.  Use galvanized couplings for galvanized pipe.  Victaulic brand or Grinnel Gruv-Lok only 

	2.4 Clearwell Flanges and Solvents 
	.1 Flanges:  PVC conforming dimensionally to ANSI/ASME B16.1, for 1.03 MPa (150 psi): slip-on full faced, solvent welded to pipe. 
	.2 Gaskets: Neoprene, 3 mm (1/8”) thick. 
	.3 Bolts and Nuts: To ASTM A-193 B8M Studs, Class 2 and ASTM A-194 8M hex nuts. 
	.4 Solvent: to ASTM D 2564. 


	3. EXECUTION 
	3.1 Preparation 
	.1 Ream pipes and tubes.  Clean off scale and dirt, inside and outside, before assembly.  Remove welding slag or other foreign material from piping. 
	.2 Protect all steel pipes when stored on site from external conditions and ensure protective coating remains intact.  If in the opinion of the Contract Administrator, deterioration of the protective coating has instigated corrosion, all rust must be removed down to bare metal and prime coated with red oxide paint. 

	3.2 Connection 
	.1 Socket weld diesel fuel piping including branch connections.  Screw or weld piping for natural gas systems. 
	.2 Make screwed joints with full cut standard taper pipe threads with approved non-toxic joint compound applied to male threads only. 
	.3 Make joints for plain end pipe with gasket and clamp type mechanical fastener. 
	.4 Clamp cast iron water pipe at fittings with 20 mm rods and properly anchor and support. 
	.5 Use grooved mechanical couplings and mechanical fasteners, only where permitted by the Contract Administrator. 
	.6 Use galvanized couplings with galvanized pipe. 
	.7 Make connections to equipment, specialty components, and branch mains with unions or flanges. 
	.8 Provide dielectric type connections wherever joining dissimilar metals in open systems.  Brass adapters and valves are acceptable. 
	.9 Use insulating plastic spacers for copper pipe installation in metal studs. 

	3.3 Route and Grades 
	.1 Route piping in orderly manner and maintain proper grades.  Install to conserve headroom and interfere as little as possible with use of space.  Run exposed piping parallel to walls.  Group piping wherever practical at common elevations.  Install concealed pipes close to the building structure to keep furring to a minimum. 
	.2 Slope water piping 0.2% and provide hose bibb drains at low points. 
	.3 Equip low points with 20 mm drain valves and hose nipples. 
	.4 Provide air collection chambers with manual air vent at all high points of system.  Collection chambers to be 25 mm diameter or line size whichever is greater and 150 mm high minimum.  Square tees may only be used to assist with complete venting and draining. 
	.5 Make reductions in water pipes with top flat eccentric reducing fittings installed to provide drainage and venting. 
	.6 Grade horizontal drainage and vent piping 2% minimum, unless noted otherwise. 
	.7 Pipe the discharge from all relief valves, safety valves, vents, drains, equipment blowdowns, water columns and overflows to the nearest building drain.  Pipe to glycol recovery tanks for a glycol based system. 

	3.4 Installation 
	.1 Install piping to allow for expansion and contraction without unduly stressing pipe or equipment connected. 
	.2 Provide clearance for proper installation of insulation and for access to valves, air vents, drains and unions. 
	.3 Install piping material specified as inside the building to 2500 mm outside of building. 
	.4 Yellow jacket buried steel lines, joints and fittings, prime coat and paint lines exposed to outdoors. 

	3.5 Welded Pipe Branch Connections 
	.1 Make branch connections according to the following schedule. 

	3.6 PVC Piping Systems 
	.1 As indicated and in accordance with instructions of PVC Manufacturer’s recommendations. 
	.2 Joints: 
	.1 Solvent weld throughout except at flanges and unions. 
	.2 Make joints in accordance with ASTM D 2855, and to Manufacturer's recommendations, using both primer and solvent welding cement. 
	.3 Make connections to other materials or fittings using appropriate adapters and to manufacturer's recommendations. 

	.3 Install piping to allow for expansion and contraction without unduly stressing pipe or equipment connected. 
	.4 Install piping material specified as inside the building to 2 m (6.5 ft) outside of building. 
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	1. GENERAL 
	1.1 Scope 
	.1 Ball valves 
	.2 Check valves 
	.3 Plug cocks 
	.4 Drain valves 
	.5 Diesel fuel solenoid valves 

	1.2 Manufacturer 
	.1 Provide valves of the same type by the same manufacturer throughout. 
	.2 Provide valves with manufacturer's name and pressure rating clearly marked on outside of body. 

	1.3 Shop Drawings 
	.1 Submit copies of valves "ordering schedule" for review before ordering valves. 
	.2 Submit detailed Shop Drawings clearly indicating make, model, size, pressure rating, materials of construction and intended service. 

	2. PRODUCTS 
	2.1 Natural Gas Systems 
	.1 Valves 
	.1 Conform to CGA Standard 3.16. 
	.2 Steel plug type gas valve. 
	.3 Iron body, non-lubricated eccentric bronze plug, permanently lubricate bearing bushings lever handle. 
	.4 Standard of acceptance: DeZurik 400 Series. 

	.2 Building Pressure Regulator 
	.1 Self operated gas pressure regulator.  Cast iron body.  Size for full gas load to reduce gas pressure from 137.9 kPa (20 psi) to 3.5 kPa (14” w.c.).  Body rating 1030 kPa (150 psi).  Manufacturer: Fisher. 


	2.2 Clearwell Washdown Water System 
	Gate - Isolation
	Standard of Acceptance:
	‘Chemline’ CGA Series.
	Ball - Drain
	Standard of Acceptance:
	‘Ipex’ Type VK or ‘Chemline’ Type 21
	Hose – Ball Valve
	Standard of Acceptance:
	‘Ipex’ Type VK or ‘Chemline’ Type 21

	2.3 Clearwell Sump Discharge 
	Gate - Isolation
	Standard of Acceptance:
	‘Chemline’ CGA Series.
	Ball - Isolation
	Standard of Acceptance:
	‘Ipex’ Type VK or ‘Chemline’ Type 21
	Check 
	Standard of Acceptance:
	‘Chemline’ Series TC

	2.4 Clearwell Sump Discharge 
	Solenoid Valve
	Standard of Acceptance:
	ASCO 8210G008


	3. EXECUTION 
	3.1 Installation and Application 
	.1 Install valves with stem upright or horizontal, not inverted. 
	.2 Use eccentric plug valves in water systems for throttling and balancing service. 
	.3 Provide drain valves at main shut-off valves, low points of piping and apparatus and terminal units. 
	.4 Size drain lines and drain valves equal to size of apparatus drain connection. 
	.5 For pipe sizes 20 mm and over, minimum drain size to be 20 mm  
	.6 Provide hose thread connection with cap and chain for 20 mm drain valves located in ceiling and public areas. 
	.7 Provide male NPT nipples with threaded pipe cap for drain sizes over 20 mm where not piped directly to floor drains. 
	.8 Provide valved drain and hose connections off the bottom of all strainers. 




	15200.doc
	1. GENERAL 
	1.1 Scope 
	Piping insulation 
	.2 Adhesives, tie wires, tapes 
	.3 Recovering 

	1.2 Quality Assurance 
	.1 Insulation shall be installed by skilled workmen regularly engaged in this type of Work. 
	.2 Materials shall meet or exceed fire and smoke hazard ratings as stated in this Section and defined in the NBC. 

	1.3 Submittals 
	.1 Submit Shop Drawings which indicate complete material data, "K" value temperature rating, density, finish, recovery jacket of materials proposed for this Contract and indicate thickness of material for individual services. 
	Submit samples of proposed insulating and recovering materials. 

	1.4 Job Conditions 
	.1 Deliver material to jobsite in original non-broken factory packaging, labelled with Manufacturer's density and thickness. 
	.2 Perform Work at ambient and equipment temperatures as recommended by the adhesive Manufacturer.  Make good separation of joints or cracking of insulation due to thermal movement or poor workmanship. 

	2. PRODUCTS 
	2.1 General 
	.1 Insulation Materials, Recovery Jackets, Vapour Barrier Facings, Tapes and Adhesives:  Composite fire and smoke hazard ratings shall not exceed 25 for flame spread and 50 for smoke developed. 
	.2 All insulation materials shall meet current Building Code Standards, and packages or containers of such materials shall be appropriately labelled. 
	.3 Insulate fittings and valve bodies with preformed removable insulated fittings. 

	2.2 Materials 
	.1 Cold piping: formed fine fibrous glass or formed mineral fibre pipe insulation, with factory applied vapour barrier jacket, factory moulded to conform with piping, "K" value at 24°C maximum 0.035 W/m°C.  Service temperature -14°C to 100°C. 
	.2 Refrigerant piping: foamed plastic of closed cell structure or closed cell elastomer, "K" value maximum 0.04 W/m°C at 24°C.  Maximum water vapour transmission rating of 0.1 perms. 
	.3 Roof Drains and Vents: flexible fibrous glass or mineral fibre insulation, "K" value maximum 0.035 W/m°C at 24°C with factory applied reinforced aluminum foil vapour barrier.  Service temperature -14°C to 50°C. 
	.4 High Temperature Exhaust: Formed rigid hydrous calcium silicate insulation, molded to conform to piping, “K” value maximum 0.42 Btu-in/(hr-ft2-°F) at 200°F. 
	Recovery Jackets: 
	.1 0.4 mm aluminium sheet for piping where specified. 
	.2 Solvent welded PVC with UV inhibitor. 

	.6 Recovery Jackets (High Temperature Exhaust only): 
	.1 20 ga. embossed aluminum sheet engine exhaust. 



	3. EXECUTION 
	3.1 Preparation 
	.1 Do not install covering before piping and equipment has been tested and approved. 
	.2 Ensure surface is clean and dry prior to installation.  Ensure insulation is dry before and during application.  Finish with systems at operating conditions. 

	3.2 Installation 
	Ensure insulation is continuous through inside walls. Pack around pipes with fire proof self supporting insulation material, properly sealed. 
	Insulate piping, fittings and valves. Do not insulate unions, flanges, Victaulic couplings, strainers, flexible connections and expansion joints. Terminate insulation neatly with plastic material trowelled on a bevel. 
	Finish insulation neatly on hangers, supports and other protrusions. 
	.4 Locate insulation or cover seams in least visible locations. Locate seams on piping in ceiling spaces on the underside of the pipe. 
	.5 Provide recovering jackets on insulation throughout, including equipment rooms.  Make smooth uneven insulated surfaces before recovering. 
	.6 Cover insulation exposed to outdoors with aluminum jacket secured with aluminum bands on 200 mm centres or screws on 150 mm centres.  Lap joints 75 mm minimum and seal with compatible waterproof lap cement. 
	.7 Cold piping: seal lap joints with 100% coverage of vapour barrier adhesive.  Seal butt joints with 50 mm wide strips of vapour barrier sealed with vapour barrier adhesive.  For fittings and valves, apply hydraulic insulating cement; or apply factory fabricated insulation half shells, seal all laps and joints. 
	.8 Flare out staples may be used to secure jacket laps on hot systems.  Staples are to be applied on 100 mm centres. 
	.9 High Temperature Exhaust: Tightly butt insulation with staggered joints secured with metal bands or wire. Cover fittings with equivalent thickness of insulation. 

	3.3 Insulation Installation Thickness Schedule 
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	1. GENERAL 
	1.1 Scope 
	Duct thermal insulation 
	.2 Adhesives, tie wires, tapes 
	.3 Recovery 

	1.2 Quality Assurance 
	.1 Insulation shall be installed by skilled workmen regularly engaged in this type of work. 
	.2 Materials shall meet fire and smoke hazard ratings as stated in this Section and defined in applicable current building codes. 

	1.3 Submittals 
	.1 Submit Shop Drawings which indicate complete material data, "K" value temperature rating, density, finish, recovery jacket of materials proposed for this Contract and indicate thickness of material for individual services. 
	Submit samples of proposed insulating materials and recovering. 

	1.4 Job Conditions 
	.1 Deliver material to jobsite in original non-broken factory packaging, labelled with Manufacturer's density and thickness. 
	.2 Perform Work at ambient and equipment temperatures as recommended by the adhesive Manufacturer.  Make good separation of joints or cracking of insulation due to thermal movement, poor workmanship or material defects. 

	2. PRODUCTS 
	2.1 General 
	.1 Insulation Material, Recovery Jackets, Vapour Barrier Facings, Tapes and Adhesives: composite fire and smoke hazard ratings shall not exceed 25 from flame spread and 50 for smoke developed. 
	.2 Insulating materials and accessories shall withstand service temperatures without smouldering, glowing, smoking or flaming. 
	Recovery Jackets: 
	.1 0.5 mm aluminum sheet for interior ductwork where specified 
	.2 0.9 mm aluminum sheet for exterior ductwork and where subject to damage 

	.4 All insulation materials shall meet current Building Code Standards, and packages or containers of such materials shall be appropriately labelled. 

	2.2 Materials 
	Exposed Rectangular Ducts: rigid fibrous glass or mineral fibreboard insulation, "K" value maximum 0.035 W/m°C at 24°C.  Factory applied reinforced aluminum foil vapour barrier for cold ducts.  Hot duct service temperature 20°C to 65°C.  Cold ducts service temperature -40°C to 65°C. 
	.2 Round Ducts and Concealed Rectangular Ducts: flexible fibrous glass or mineral fibre insulation, "K" value maximum 0.035 W/m°C at 24°C.  Factory applied reinforced aluminum foil vapour barrier for cold ducts.  Hot duct service temperature 20°C to 65°C.  Cold duct service temperature -40° to 65°C . 


	3. EXECUTION 
	3.1 Preparation 
	.1 Do not install covering before ductwork and equipment has been tested and approved. 
	.2 Ensure surface is clean and dry prior to installation.  Ensure insulation is dry before and during application.  Finish with systems at operating conditions where possible. 

	3.2 Installation 
	.1 Ensure insulation is continuous through inside walls.  Pack around ducts with fireproof self supporting insulation materials, properly sealed. 
	.2 Finish insulation neatly at hangers, supports and other protrusions. 
	.3 Locate insulation or cover seams in least visible locations.  Locate seams on ductwork in ceiling spaces on the underside of the duct. 
	.4 Provide recovering jackets on insulation throughout, including equipment rooms.  Make smooth any uneven insulated surface before recovering. 
	.5 Cover insulation exposed to outdoors with aluminum jacket secured with aluminum bands on 200 mm centres or screws on 150 mm centres.  Lap joints 75 mm minimum and seal with compatible waterproof lap cement. 
	.6 Exposed Rectangular Ducts: secure rigid insulation with galvanized anchors or welded pins on 400 mm centres.  Secure in place with retaining pins.  Seal all insulation joints and breaks with joint tape.  Seal adhesive; cover joints with 100 mm strips of open mesh cloth imbedded between two coats of lap seal adhesive.  Use vapour barrier tape for insulation joints or breaks on cold ducts. 
	.7 Round Ducts and Concealed Rectangular Ducts: adhere flexible insulation to ductwork with adhesive applied in 150 mm wide strips on 400 mm centres.  Provide annealed tie wire tied at 400 mm centres for securing duct insulation.  Butt insulation and seal joints and breaks with lap seal adhesive; cover joints with joint tape.  Use vapour barrier tape for cold ducts. 
	.8 Where duct velocities exceed 15 m/s, cover internal duct insulation with 0.8 mm perforated galvanized steel with 24% free area. 
	.9 Fasten aluminium recovery jacket in place with aluminum banding on 200 mm centres or screws or rivets on 150 mm centres. 

	3.3 Insulation Installation Thickness Schedule 
	Relief Duct 50 Aluminum 
	Exhaust Ducts within 3000 mm of Exterior Walls or Openings 25 Aluminum 
	Outside Air Intake Ducts 50 Aluminum 
	Ducts Exposed to Outdoors 50 Aluminum 
	Ventilation Equipment Casings 25 Aluminum 
	Ventilation Equipment 50 Aluminum 
	Supply Air Ducts (AHU-H222A only) 25 Aluminum 
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	1. GENERAL 
	1.1 Scope 
	.1 All pumps except where integral with a manufactured piece of equipment. 
	.2 Pumps controls where self contained. 

	1.2 Submittals 
	.1 Submit with Shop Drawings certified pump curves showing pump performance characteristics with pump and system operating point plotted. IncludeNPSH curve when applicable.  Show pump weights, motor and pump operating or efficiencies and electrical power characteristics. 

	1.3 Quality Assurance 
	.1 Ensure pumps operate at specified system fluid temperatures without vapour binding and cavitation, are non overloading in parallel or individual operation, operate within 25% of midpoint of published maximum efficiency curve. 

	2. PRODUCTS 
	2.1 General 
	.1 Statically and dynamically balance rotating parts. 

	2.2 Sump Pump 
	.1 Type:  Completely submersible centrifugal. 


	EXECUTION 
	3.1 Installation 
	.1 Provide air cock and drain connection on horizontal pump casings. 
	.2 Decrease from line size, with long radius reducing elbows or reducers.  Support piping adjacent to pump such that no weight is carried on pump casings.  Provide supports under elbows on pump suction and discharge line sizes 100 mm (4”) and over. 
	.3 Check and align pumps prior to start up. 

	3.2 Performance 
	.1 Refer to the Pump Schedule. 
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	1. GENERAL 
	1.1 Scope 
	.1 Cleanouts 
	.2 Storm and sanitary sewer service connections 
	.3 Water service connections 
	.4 Natural gas service connections 
	.5 Backflow preventers 
	.6 Vacuum breakers 

	1.2 General Requirements 
	.1 Provide materials, equipment, and labour to install plumbing as required by Provincial and Local Codes and as specified herein. 
	.2 Provide water and drainage connections to equipment furnished in other Sections of this Specification and as supplied by the City. 
	.3 Provide and include charges for connections to Municipal and Utility Company Service. 

	1.3 Submittals 
	.1 Submit Shop Drawings for review by the Contract Administrator, in accordance with Division 1.   

	2. PRODUCTS 
	2.1 Clean Outs and Clean Out Access Covers 
	.1 Provide caulked or threaded type extended to finished floor or wall surface.  Provide bolted coverplate clean outs on vertical rainwater leaders only.  Ensure ample clearance at clean out for rodding of drainage system. 
	.2 Floor cleanout access covers in unfinished areas shall be round with nickel bronze scoriated frames and plates. Provide round access covers in finished areas with depressed centre section to accommodate floor finish.  Wall cleanouts to have chrome plated caps. 


	3. EXECUTION 
	3.1 Installation 
	Bury outside water and drainage pipe minimum 2400 mm, unless noted otherwise. 
	.2 Lubricate clean out plugs with mixture of graphite and linseed oil.  Prior to building turnover remove clean out plugs, re lubricate and reinstall using only enough force to ensure permanent leakproof joint. 
	.3 Drainage lines shall grade 1.0 mm per 100 mm for pipes over 75 mm diameter and 2 mm per 100 mm for pipes 75 mm diameter and smaller. 
	.4 Locate plumbing vents minimum 5000 mm from air intakes. 
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	1. GENERAL 
	Scope 
	.1 Fire extinguishers 
	.2 Fire extinguisher mounting hardware 

	1.2 General Requirements 
	.1 Provide portable hand extinguishers where indicated on Drawings and specified herein. 

	1.3 Quality Assurance 
	.1 Fire protection equipment and installation shall be ULC and/or CSA approved. 
	.2 Equipment and installation shall meet the requirements of NFPA 10 Portable Fire Extinguishers. 

	1.4 Submittals 
	.1 Submit Shop Drawings for review.  Submit with Shop Drawings Material Safety Data Sheets (MSDS) for each chemical used in the Fire Extinguishers. 

	2. PRODUCTS 
	2.1 Portable Hand Fire Extinguishers 
	Multi-Purpose Dry Chemical (Clearwell only):  pressurized with hose and shut-off nozzle or integral shut-off nozzle and mounting brackets with 4.5 kg capacity rating 4A:60BC. 
	.2 Multi-Purpose Dry Chemical (Generator Building only):  pressurized with hose and shut-off nozzle or integral shut-off nozzle and metal cabinet with 9.0 kg capacity rating 10A:80BC. 

	2.2 Fire Extinguisher Cabinets 
	Fire Extinguishers Cabinet (for 9.0 kg type only):  surface type 16 gauge steel construction with 12 gauge fully opening door in adjustable frame, 5 mm (0.2”) glass full panel, approved latching device, and prime coat.  


	3. EXECUTION 
	3.1 Installation 
	.1 Install extinguishers so that the bottom of extinguisher is no more than 1200 mm above floor. 




	15650 .doc
	1. GENERAL 
	1.1 Scope 
	Electric Unit Heaters. 
	.2 Related accessories and specialties. 

	1.2 Quality Assurance 
	.1 Terminal heat transfer units shall be the product of a manufacturer regularly engaged in the production of such units who issues complete catalogue data on such products. 

	1.3 Submittals 
	.1 Submit, in addition to Shop Drawings, a schedule of Electric Unit Heaters indicating location, size, and output provided. 

	2. PRODUCTS 
	2.1 General 
	.1 Factory apply baked primer coat on metal surfaces of enclosure or cabinet of unit heaters. 

	Electric Unit Heaters 
	.1 Casing: Phosphate coated steel and epoxy printed. 
	.2 Elements: tabular elements with overheat protection. 
	.3 Fan and Motor: Direct drive propeller type, statically and dynamically balanced, complete with permanently lubricated ball bearing motors. 
	.4 Air Outlet: Adjustable air flow louvers. 
	.5 Mounting: Complete with wall mounting bracket. 


	3. EXECUTION 
	3.1 Performance 
	.1 Refer to Equipment Schedules. 
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	1. GENERAL 
	1.1 Scope 
	.1 Air cooled refrigerant condensing unit package (two required): 
	.1 Supply and install two (2) separate cooling loops for air handling unit AHU-H222A. 
	.2 Each package will be a closed system and consist of a minimum of a roof top mounted condensing unit, refrigerant piping, accessories, controls, sensors, refrigerant, supports and stands. 

	.2 Refrigerant piping and accessories 
	.3 Controls 
	.4 Charge of refrigerant and oil 
	.5 Start-up and commissioning 

	1.2 Quality Assurance 
	.1 Conform to current requirements of CSA, UL, Provincial and Municipal Codes. 
	.2 Materials in contact with refrigerant shall be corrosion resistant. 
	.3 Units shall be product of manufacturer regularly engaged in production of refrigeration units and who issues complete catalogue data on such products. 

	1.3 Submittals 
	.1 Submit with Shop Drawings, schematic layouts showing condensing units, cooling coils, refrigerant piping and accessories required for complete system, including equipment weights and detailed performance data, with full wiring diagram for power and controls. 
	.2 Submit complete pipe sizing data. 

	1.4 Start-up and Testing 
	.1 Supply initial charge of refrigerant and oil for each refrigeration system.  Losses of oil or refrigerant prior to acceptance of equipment or due to defects covered under guarantee shall be replaced.  Supply to the City, one (1) complete charge of lubricating oil in addition to that placed in the system. 
	.2 Charge the system with refrigerant and test entire system for leaks after completion of installation.  Repair leaks, put system into operation, and test equipment performance. 
	.3 Shut down system if initial start up and testing takes place in winter and machines are to remain inoperative.  Repeat start up and testing operation at beginning of first cooling season. 
	.4 Provide cooling season start up, winter season shut down for first year of operation. 
	.5 Inspect and test for refrigerant leaks every six months during first year of operation. 

	2. PRODUCTS 
	2.1 Type 
	.1 Units shall be self contained, packaged, factory assembled and prewired suitable for outdoor use consisting of casing, compressors, condensing coil and fans, integral sub cooling coil, controls, liquid receiver, screens. 

	2.2 Cabinet 
	.1 Construct of heavy gauge galvanized steel with baked enamel finish, easily removed access doors or panels with quick fasteners. 

	2.3 Compressor 
	.1 Provide serviceable, hermetic, 1750 rev/min, resiliently mounted compressors with positive lubrication, crankcase heater, cylinder unloaders for capacity modulation, motor overload protection, service valves and filter drier. 
	.2 Provide timer circuits to prevent rapid loading and unloading for system stabilisation.  

	2.4 Condenser 
	.1 Coil: seamless copper tubing with aluminum fins. 
	.2 Fans: vertical discharge, direct drive axial fans, resiliently mounted with guard and motor. 
	.3 Motors: permanently lubricated ball bearing motors with built in current and overload protection. 

	2.5 Refrigerant 
	.1 Refrigerant R-22 shall NOT be used. 
	.2 Refrigerant R-407 and R-410A may be used for the system. 

	2.6 Controls 
	.1 Provide high and low pressure cut-outs for compressor, oil pressure control, non recycling pump down and reset relay. 


	EXECUTION 
	3.1 Installation 
	.1 Each condenser shall be securely mounted and supported on a 300 mm high equipment curb or galvanized metal stand. 
	.2 Each loop shall tie into one of two cooling coils located in the air handling unit. 

	3.2 Performance 
	.1 Refer to equipment schedules. 
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	1. GENERAL 
	1.1 Scope 
	.1 Heat Tape/Trace components, accessories and installation material for a complete operating system. 

	1.2 General Requirements 
	.1 Provide heat tape where indicated on Mechanical Drawings and specified herein. 
	.2 FM Approved constant wattage cable. 

	1.3 Submittals 
	.1 Submit Shop Drawing which shall include the following minimum information. Shop Drawings submitted without this information shall be automatically rejected. 
	.1 Manufacturer’s data sheets on each product to be used including: 
	.1 Preparation instructions and recommendations. 
	.2 Storage and handling requirements and recommendations. 
	.3 Installation methods. 

	.2 Materials of construction: indicate material and wire gauge. 
	.3 Power consumption and required power supply.  


	2. PRODUCTS 
	2.1 Heat Tracing/Tape 
	.1 Parallel zone system, two conductor stranded copper bus wires covered with FEP Teflon or fluoropolymer inner insulation.  Resistance heating cable connection to alternate bus wires covered with extruded FEP Teflon insulating jacket and a stainless steel braided overjacket.  
	.2 Heating capacity: 20 W/m (6 W/Ft) 
	.3 For use with 120 V power supply.  
	.4 Standard of Acceptance:  
	.1 Delta-Therm PF Series Catalog No. PF-6-SB 
	.2 Contact Information:  


	2.2 Controls 
	.1 Heat tracing shall turn on to prevent frost build up on the intake of the gravity hood for AHU-H242A. 
	.2 System shall be controlled via the Inlet Building main Controller. 
	.3 Heat tape will turn “on” when the O/A temperature sensor reads an air temperature between -5 to 5°C and turned “off” otherwise.  


	3. EXECUTION 
	3.1 Installation 
	.1 Follow Manufacturer’s installation instructions and guidelines for : 
	.1 General installation, set-up, and preparation of the heat trace and associated components 
	.2 Proper end termination of cable with proper termination kits 
	.3 Proper power and control connections 

	.2 Heat trace shall be installed directly on the bird screen of the intake gravity hood.  
	.3 Heat trace may be installed above (preferred) or below the screen with stainless steel clamps every 75 mm for the entire perimeter of the intake hood.  

	3.2 Quality Control 
	.1 Test continuity of heating cable. 
	.2 Perform insulation resistance (megger) test on each heater section before, during, and after pavement placement. Minimum acceptable megger reading shall be 10 megohms. 
	.3 Measure voltage and current at each unit after installation is complete. 
	.4 Submit written test report showing values measured on each test for each cable. 
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	1. GENERAL 
	1.1 Scope 
	.1 Indoor air handling units, custom pre-manufactured type. 

	1.2 Quality Assurance 
	.1 It is the intent of this Specification that the Manufacturer provides air handling units designed and manufactured specifically to the requirements of this Project.  Overall dimensions and configuration are to be as shown on the plans and as described in the Specifications.  Take responsibility for the engineering and operational integrity of the air handling units. 
	.2 Unit construction shall be per the construction details included at the end of this Section, and as described herein. 
	.3 Provide unit produced by a recognized manufacturer who maintains a local service agency and parts stock. 
	.4 Air flow rates, external static pressures, water flow rates, coil face velocities, filter face velocities, water and air side pressure drops shall be the same or better than specified. 
	.5 Fans shall be to AMCA standards, and bear AMCA “certified” seal. 
	.6 Coils shall be ARI certified, and bear ARI seal. 
	.7 Provide all motors with thermal overload protection.  Provide thermisters in motor windings.  All motors shall be high efficiency type and shall be inverter duty for use with VFD’s. 
	Start-up of unit shall be executed by Manufacturer's personnel. 
	.9 All components, paints and lining shall have a flame spread rating of not over 25 without evidence of continued progressive combustion and a smoke developed rating no higher than 50. 

	1.3 Submittals 
	Submit Shop Drawing which shall include the following minimum information.  Shop Drawings submitted without this information shall be automatically rejected. 
	.1 Construction details: submit unit construction drawings for the following components: 
	.1 Side panels, including connection details 
	.2 Top panel, including connection details 
	.3 Floor, including connection details 
	.4 Doors, hinges, latch, viewing port 
	.5 Fan, motor and drive, mounting and isolation 
	.6 Coil section 
	.7 Pipe and conduit penetration through casing or floor 
	.8 Drain pan 
	.9 Damper, linkage, and drive construction and mounting 

	.2 Materials of Construction: indicate material and gauge of all construction components. 
	.3 Mass Distribution Drawings: show point loads and recommended method of unit installation. 
	.4 Fan Performance Data: submit fan performance curves as well as performance tables. 
	.5 Coils: Selection criteria indicating air side and fluid side capacities, in and out conditions, velocities, pressure drops and fouling factors.  Submit a drawing showing headers, circuiting arrangement, connection sizes, and materials of construction. 
	.6 Air Filters: media, efficiency rating, velocity, pressure drop charts and capacities.  Indicate mounting method and arrangement. 
	.7 Vibration isolator Shop Drawings. 
	.8 Table indicating pressure drops through all components of the unit. 
	.9 Damper Shop Drawings. 
	.10 Detailed composite wiring diagrams showing factory installed wiring, including wiring of the control components. 
	.11 Sound Levels: submit sound power levels generated by the air handling unit at the inlet and outlet of the unit and outside the fan section.  List for individual octave bands in dB referenced to A rating. 


	2. PRODUCTS 
	2.1 Components 
	Air handling units shall consist of, but not be limited to, the following components: 
	.1 Supply fans complete with backdraft dampers 
	.2 Cooling coils 
	.3 Summer prefilter 
	.4 Winter prefilter frame 
	.5 Final filter 
	.6 Motorised outdoor air section 
	.7 Motorised return air section 
	.8 Access sections 


	2.2 Cabinet 
	Exterior Panels: minimum 18 gauge satin coat galvanized steel with air-dried enamel finish. 
	.2 Walls and Ceilings: interlocking construction with at least two breaks at each interlocking joint.  Wall and ceiling joints to be broken inward.  All panel joints to be caulked.  Casing depth to match the specified insulation thickness.  Inside surfaces shall be clean and flush, free of exposed flanges. 
	.3 Base: construct from structural steel channel iron around perimeter with intermediate channel and angle iron supports.  Provide a 14 gauge thick checker steel plate in all sections of the unit.  Provide floor bracing channels at maximum 300 mm on centre. 
	Insulation and Liner: 
	.1 Insulate all exterior walls and roof with 50 mm thick fibrous glass acoustic insulation, 48 kg/m³ (3 lb/ft3) density.  Line interior of all panels with 22 gauge perforated galvanized steel liner. 
	.2 Insulate underside of unit floor with 50 mm thick rigid fibrous glass insulation 48 kg/m³ (3 lb/ft3) density.  Hold in place insulation with welded pins 400 mm on centre. 


	2.3 Access Doors 
	.1 Provide hinged man sized access doors.  Door construction to be the same as casing.  Provide minimum two (2) ventlock latches per door openable from both sides.  Door hinge to be continuous cadmium plated piano hinge with brass pin.  Doors to be sealed with automotive type 13 mm closed cell hollow round black gasket with a metal encapsulated reinforced backing that mechanically fastens to the door frame.  (Neoprene or foam gaskets are not acceptable).  Door sizes to be 750 x 1800 mm or as limited by height of unit.  Provide access doors for the following sections: 
	.1 Fan section 
	.2 Cooling coil section 
	.3 Final filter section 
	.4 Prefilter section 
	.5 Mixing section 
	.6 Access sections 


	2.4 Finish 
	.1 Entire exterior is to be painted with two (2) coats primer paint followed by minimum two (2) coats of exterior application of air-dried enamel. 

	2.5 Drain Pans 
	.1 On units without stacked coils, provide a single fabricated 16 gauge galvanized steel drain pan under cooling coils.  Prime coat pan inside and out with zinc chromate, iron oxide, phenolic resin paint and two coats of bitumastic paint.  On units with stacked coils, provide a separate drain pan under each coil.  On all units, provide a secondary drain pan extending under the entire access section downstream of the cooling coil and humidifier section.  Provide a drain pan to drain the fresh air intake or mixing plenum.  Pipe all drains to the exterior side of unit. 

	2.6 Fan 
	.1 Provide fans complete with motors and drives within the fan section of the AHU. 
	Fans to be double width, forward curved centrifugal type.  Fan to be both statically and dynamically balanced.  Wheel shall be constructed of high strength steel, welded construction, with straight bored cast iron hub keyed and set screwed to a turned, ground and polished (TGP) solid steel shaft conforming to ASTM A-108 and QQ-S-637 for 1045 TGP rounds. 
	.3 Mount fans on steel shaft, on self-aligning ball bearings.  Extend lubrication fittings to exterior of fan casing. 
	.4 Provide variable sheaves for motors 11 kW (15 hp) and under and fixed sheaves for motors 15 kW (20 hp) and over. 
	.5 Provide VSD’s with matched motors, where scheduled. 
	.6 Entire fan assembly including fan scroll, wheel and motor to be integrally mounted on an inertia base and to be separated from unit casing with flexible connections and spring isolators.  Concrete may be poured into steel base on site but fan and base must be factory mounted.  Use concrete filled inertia bases on all fans 19 kW (25 hp) and over. 
	.7 Provide OSHA/WCB safety screens (removable) around plug fans, at fan inlets, around all drives and belts. 

	2.7 Filters 
	Refer to Section 15865 – Air Filters, for detailed filter specifications. 
	.2 Summer Prefilter: 50 mm pleated filter, average efficiency 25 to 30% on ASHRAE Test Standard 52-76.  Non-woven cotton and synthetic fabric media.  FARR 30/30. 
	.3 Winter Prefilter: Frame only. 
	.4 Mounting racks to be galvanized, to suit specified filter type. 
	.5 Limit filter velocity based on face area to less than 2.5 m/s (500 fpm). 
	.6 Provide one Dwyer 2000 magnehelic filter gauge for each bank of filters, including for each position of prefilter.  Flush mount gauge on the exterior of the unit. 

	2.8 Coil Section 
	.1 Enclose coils in coil section with headers and U-bends fully contained within the casing. 
	.2 Extend coil supply and return header connections, drain and vent fittings through casing.  Coil connections shall be of same material as the coil headers. 
	.3 Coil racks to be angle iron, providing completely independent support for each coil.  Each coil is to be separately removable without disturbing the other coils.  Provide removable coil access panels in the unit casing. 
	.4 Limit cooling coil face velocity to 2.5 m/s (500 fpm). 
	Limit heating coil face velocity to 3.0 m/s (600 fpm). 

	2.9 Mixing Section 
	.1 Configured to ensure complete mix of air.  Arrange dampers to direct the air flow from set of blades into the other. 
	.2 Utilise damper sections which extend across unit width plane with maximum width not exceeding 1200 mm per section. 

	2.10 Dampers 
	.1 Low leakage type dampers. 
	.2 Blades shall be minimum 12 gauge extruded aluminum.  Blades shall be of air foil design, 150 mm side.  Maximum blade length 1200 mm. 
	.3 Damper seals shall be designed for minimum air leakage by means of overlapping seals. 
	.4 Frames shall be minimum 12 gauge extruded aluminum channel with grooved inserts for vinyl seal. 
	.5 Install blade linkage hardware in frame out of air stream.  Use cadmium plated steel hardware. 
	.6 Arrange linkage and provide an adequate number of damper operators to ensure that the interconnected damper sections operate in unison without binding. 
	The outdoor, return and supply dampers shall be integral part of the AHUs and shall be supplied and installed by the AHU manufacturer at the factory. 
	.8 Damper operators shall be supplied by control subcontractor and installed by the AHU manufacturer at the factory, in accordance with instructions from control subcontractor. 

	Refrigeration/Electrical 
	.1 Refer to Section 15700 – Air Cooled Condensing Units for remote condenser specifications. 
	.2 Evaporator coil: 
	.1 Rated to ARI Standard 210-75. 
	.2 Staggered seamless copper tubes expanded into aluminum fins complete with drain pan and coil slide-out rails. 
	.3 Alternate row circuiting for multi-compressor system, with each compressor on a totally independent refrigeration circuit complete with independent expansion valve. 

	.3 Refrigeration piping and specialties: 
	.1 Refer to Section 15700 – Air Cooled Condensing Units. 



	3. EXECUTION 
	3.1 Assembly 
	.1 Units are to be one-piece construction. 
	.2 Pipe units to permit coil removal. 
	.3 Any piping or conduit passing through the unit casings must be sealed with rubber grommets and retaining plates to prevent air or water leakage. 
	.4 Insulate all piping as per Section 15200 – Piping Insulation. 

	3.2 Air Handling Unit Schedule 
	.1 Refer to Equipment Schedules. 
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	GENERAL 
	1.1 Scope 
	.1 Gas fired unit heaters. 

	1.2 Quality Assurance 
	.1 Conform to requirements of CGA, CSA, Provincial and Municipal Codes and be CSA listed. 

	Extended Warranty 
	.1 Provide ten year extended warranty on heat exchangers. 

	1.4 Submittals 
	.1 Provide Shop Drawings of unit heater, including controls wiring diagrams. 

	2. PRODUCTS 
	Type 
	.1 Provide self-contained, packaged, factory assembled, pre-wired unit consisting of cabinet, supply fan, exchanger, gas burner and controls. 

	2.2 Construction 
	.1 Cabinet: Heavy gauge galvanized steel with baked enamel finish, easily removed and secured access doors, glass fibre insulation and reflective liner. 
	.2 Heat Exchanger: Aluminised steel of welded construction. 
	Supply Fan: Centrifugal type rubber mounted with belt drive, adjustable variable pitch motor pulley, rubber isolated hinge mounted 1750 rev/min motor.   

	2.3 Burner 
	.1 Gas Burner:Sealed combustion type with direct from outdoors combustion air, equipped with combination gas valve and pressure regulator incorporating manual shut-off, pilot valve, automatic 100% shut-off and thermocouple pilot safety device. 
	.2 Gas Burner Safety Controls: Thermocouple sensor prevents opening of solenoid gas valve until pilot flame is proven and stops gas flow on ignition failure. 

	2.4 Burner Operating Controls 
	.1 Low voltage, adjustable room thermostat, controls burner operation to maintain room temperature setting. 
	.2 High limit control, with fixed stop at maximum permissible setting, de-energises burner on excessive bonnet temperature and energises burner when temperature drops to lower safer value. 
	.3 Control supply fan in accordance with bonnet temperatures and independent of burner controls.  Include manual switch for continuous fan operation. 


	3. EXECUTION 
	3.1 Installation 
	.1 Unit shall be suspended from roof structure as recommended by Manufacturer. 

	3.2 Performance 
	.1 Refer to Equipment Schedules. 
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	1. GENERAL 
	1.1 Scope 
	Centrifugal fans 

	1.2 Quality Assurance 
	.1 Conform to AMCA Bulletins regarding construction and testing.  Fans shall bear AMCA certified rating seal. 
	.2 Fans shall bear CSA label. 
	.3 Motors to be high efficiency as specified in Section 15010 – General Mechanical Provisions. 

	1.3 Submittals 
	.1 Submit with Shop Drawings acoustical data and fan curves showing fan performance with fan and system operating point plotted on curves, including equipment weights and centre of gravity diagrams for suspended fans. 

	1.4 Job Conditions 
	.1 Do not operate fans for any purpose, temporary or permanent until ductwork is clean, filters are in place, bearings are lubricated and fan has been run under close supervision of unit Manufacturer. 

	2. PRODUCTS 
	2.1 General 
	.1 Statically and dynamically balance fans so no objectionable vibration or noise is transmitted to occupied areas of the building. 
	.2 Provide balanced variable sheaves for motors 11.2 kW (15 hp) and under and fixed sheave for 15 kW (20 hp) and over. 
	.3 Fans are to be capable of accommodating static pressure variations of ±10% with no objectionable operating characteristics. 
	.4 Fan suppliers to provide replacement sheaves for balancing purposes.  Sheaves of the wrong size will be returned to the supplier. 
	.5 Provide cross linkage and inlet vanes on double inlet fan. 
	.6 Size motors for parallel operating fans for non-overloading operation with only one fan operating. 
	.7 Provide belt guards with tachometer holes. 
	.8 External static pressure means external to the fan cabinet and all accessories such as backdraft dampers, mixing boxes, filters and coils, etc.  These accessories if supplied as part of the unit are considered as internal losses for fan. 
	.9 Two speed motors shall have separate winding for each speed.  Variable speed applications shall be inverter duty complete with VSD matched to fan motor. 

	2.2 Centrifugal Fans 
	.1 Fabricate with multi-blade wheels in heavy gauge steel housing reinforced for service encountered. 
	.2 Provide V-belt drives with fan and motor mounted on reinforced, rigid steel base with adjustable motor mount. 
	.3 Provide heavy duty, self-aligning, anti-friction bearings.  Extend lubrication fittings to outside of fan casing. 
	.4 Provide where indicated in Section 15999 – List of Schedules VFD’s as per Division 16 requirements. 
	.5 Provide access door and drain connection to scroll. 
	.6 Unless noted otherwise, centrifugal fans over 425 mm diameter shall have die formed air foil blades welded to side and back plate. 
	.7 Provide fan cabinets lined with minimum 25 mm acoustic insulation, unless noted otherwise elsewhere in the specifications. 


	3. EXECUTION 
	3.1 Installation 
	.1 Where inlet or outlet is exposed, provide safety screen. 
	.2 Provide belt guards on belt driven fans complete with tachometer access. 
	.3 Supply and Install sheaves as necessary for final air balancing. 
	.4 Provide 100 mm high housekeeping base for floor mounted units. 

	3.2 Priming 
	.1 Prime coat fan wheels and housing at factory inside and outside.  Prime coating on aluminum part is not required. 
	.2 Provide two additional coats of paint on fans handling air downstream of humidifiers. 

	3.3 Performance 
	Fan performance based on 225 m above sea level conditions. 
	.2 Refer to Equipment Schedule Section 15999 – List of Schedules. 
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	1. GENERAL 
	1.1 Scope 
	Ductwork and plenums 
	.2 Fasteners 
	.3 Sealants 
	.4 Duct cleaning 

	1.2 Definitions 
	.1 Low Pressure: Static pressure in duct less than 500 Pa (2” wg) and velocities less than 10 m/s (2000 fpm). 
	.2 Duct sizes shown on plans are inside clear dimensions.  For acoustically lined or internally insulated ducts, maintain sizes inside ducts. 

	1.3 Quality Assurance 
	Ductwork shall meet the requirements of NFPA No. 90A - Air Conditioning and Ventilating Systems. 
	.2 Fabricate in accordance with SMACNA duct manuals and ASHRAE handbooks. 
	Flexible air duct shall conform to NFPA 90A and UL181 standard for factory made air duct materials and air duct connectors.  

	Submittals 
	.1 Submit Shop Drawings and Samples of duct fittings for review, including particulars such as gauge sizes, welds and configurations prior to start of Work. 

	2. PRODUCTS 
	Materials 
	.1 Ducts: galvanized steel lock forming quality, having galvanized coating of 380 g/m2 (1.25 oz/ft2) for both sides. 
	.2 Fasteners: use rivets and bolts throughout; sheet metal screws accepted on low pressure ducts. 
	.3 Sealant: water resistant, fire resistive, compatible with mating materials. 
	.4 Use stainless steel ducts for handling moisture laden air, gauges as per SMACNA for pressure rating, where indicated on the Drawings. 


	3. EXECUTION 
	3.1 Plenum Gauges 
	.1 Fabricate fan plenums and plenums downstream of fan in accordance with SMACNA manual. 
	.2 Fabricate plenums between fan and upstream apparatus of 1.6 mm (16 gauge) thick material. 
	.3 Fabricate plenums between filters and upstream apparatus of 1.3 mm (18 gauge) thick material. 

	Duct Sealing 
	.1 All supply, return and exhaust duct joints, longitudinal as well as transverse, should be sealed using: 
	.1 Low Pressure Ductwork: 
	.1 Slip joints: apply heavy brush-on high pressure duct sealant. Apply second application after the first application has completely dried out. Where metal clearance exceeds 1.5 mm use heavy mastic type sealant. 
	.2 Flanged joints: soft elastomer butyl or extruded form of sealant between flanges followed by an application of heavy brush-on high pressure duct sealant. 
	.3 Other joints: heavy mastic type sealant. 


	.2 Duct tapes as sealing method are not permitted. 
	.3 Surfaces to receive sealant should be free from oil, dust, dirt, moisture, rust and other substances that inhibit or prevent bonding. 
	.4 Prior to sealing all ductwork, demonstrate sealing of a section of each type of duct and obtain approval from the Contract Administrator. 
	.5 Do not insulate any section of the ductwork until it has been inspected and approved of duct sealant application. 

	3.3 Installation 
	.1 Locate ducts with sufficient space around equipment to allow normal operation and maintenance activities. 
	.2 Coordinate the location of duct access doors.  Refer to Section 15835 – Duct Accessories.  
	.3 Provide openings in ductwork where required to accommodate thermometers and controllers.  Provide pitot tube openings where required for testing of systems, complete with metal can with spring device or screw to ensure against air leakage.  Where openings are provided in insulated ductwork, install insulation material inside a metal ring. 
	.4 Interrupt duct linings at fire, balancing backdraft and smoke dampers so as not to interfere with operation of devices.  Provide sheet metal edge protection over linings on both sides of damper device. 
	.5 Shield ductwork from dust and construction material during construction.  Clean any ductwork found to be dirty at no extra cost to the Contract. 
	.6 Protect carbon steel ductwork exposed to weather by painting or coating with suitable weather resistant material. 
	.7 Install ducts associated with fans subject to forced vibration with flexible connections immediately adjacent to equipment.  Refer to Section 15835 – Duct Accessories. 
	.8 Prove that ductwork is substantially air tight before covering or concealing. 
	.9 Clean duct systems and force air at high velocity through duct to remove accumulated dust.  To obtain sufficient air, clean half the system at a time.  Protect equipment which may be harmed by excessive dirt with filters or bypass during cleaning. 
	Clean systems with power vacuum machines. 
	.11 Fabricate ductwork from field measurements and not from Drawings and Shop Drawings exclusively.  Failure to do so will not constitute an extra to the Contract. 
	.12 Complete metal ducts within themselves with no single partition between ducts.  Where width of duct exceeds 450 mm cross brace for rigidity.  Open corners are not acceptable. 
	.13 Lap metal ducts in direction of air flow.  Hammer down edges and slips to leave smooth duct interior. 
	.14 Construct tees, bends and elbows with radius of not less than 1.5 times width of cut on centre line.  Where not possible and where rectangular elbows are specified, provide double wall air foil type turning vanes. 
	.15 Increase duct sizes gradually, not exceeding 15° divergence wherever possible.  Maximum divergence upstream of equipment to be 30° and 4° convergence downstream. 
	.16 Rigidly construct metal ducts with joints mechanically tight, substantially airtight, braced and stiffened so as not to breathe, rattle, vibrate, or sag.  Caulk duct joints and connections with sealant as ducts are being assembled.  Seal seams on fresh air and exhaust ducts watertight with mastic or low velocity duct sealant. 
	Weld all stainless steel ductwork and ensure a smooth finish on all interiors. 
	.18 Provide drains in fresh air sections with deep seal traps. 
	.19 Set plenum doors 150 mm above floor.  Arrange door swings so that fan static holds door in closed position. 
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	1. GENERAL 
	1.1 Scope 
	.1 Duct Access doors 
	.2 Balancing Dampers 
	.3 Backdraft Dampers 
	.4 Flexible connections 

	1.2 Quality Assurance 
	.1 Access doors shall be ULC labelled. 
	.2 Accessories shall meet the requirements of NFPA 90A, Air Conditioning and Ventilating Systems.  Fabricate in accordance with ASHRAE Handbooks and SMACNA Duct Manuals. 
	.3 Prove all dampers to inspector at job completion. 

	1.3 Submittals 
	.1 Submit Shop Drawings of factory fabricated assemblies. 
	.2 Submit Shop Drawings and product data in accordance with Section 01300 – Submittals and Section 15010 – Mechanical General Requirements. 
	.3 Shop Drawings shall be clear and legible, facsimiles will not be accepted.  Provide a cover page for each air handling unit, showing the project name, consulting engineer, mechanical contractor, tagging information, revision if applicable and submission date, leaving adequate space for approval stamps. 
	.4 Provide all technical information relevant to the product being provided, including but not limited to all the information shown in the schedules of the Specification.  It is the responsibility of the vendor to highlight any variances the equipment has with the requirements of this Specification. 

	2. PRODUCTS 
	2.1 Duct Access Doors 
	.1 Fabricate rigid and close-fitting doors of 304L stainless steel with sealing gaskets and suitable quick fastening locking devices.  Duct access panels with screws are not acceptable.  Install minimum 25 mm (1”) thick insulation with suitable sheet metal cover frame for insulated ductwork. 
	.2 Fabricated with two butt hinges and two sash locks for sizes up to 450 mm (18”), two hinges and two compression latches with outside and inside handles for sizes up to 600 x 1200 mm (24” x 48”) and an additional hinge for larger sizes. 

	2.2 Balancing Dampers 
	.1 Fabricate of galvanized steel, minimum 1.6 mm (16 gauge).  Full blade-length shafts of hollow square construction with blades rigidly fastened along entire blade length. 
	.2 Lockable quadrant type operating mechanism with end bearings on accessible rectangular ducts up to 400 mm deep and on accessible round ducts. 
	.3 Wide pitch screw operating mechanism with crank operator and end bearings on accessible rectangular ducts 425 mm and over in depth and on all inaccessible rectangular and round ducts. 
	.4 On rectangular ducts up to 275 mm deep construct of single blade (butterfly) type. 
	.5 On rectangular ducts 300 to 400 mm deep construct of two opposed blades mechanically interlocked with pivots at quarter points. 
	.6 On rectangular ducts over 425 mm deep construct of multiple opposed blades mechanically interlocked with blades no greater than 200 mm deep and pivots equally spaced. 
	.7 On round ducts construct of single blade (butterfly) type.  On 500 Pa (2”wg) class and on all dampers over 300 mm diameter fabricate with full blade-length shaft. 
	.8 Construct damper blades for medium and high pressure systems to block air passage 70% maximum.  Provide complete with locking type handles. 
	.9 Provide over-ride limiting stops on all operating mechanisms. 
	.10 Identify the air flow direction and blade rotation and open and close positions on operating mechanism. 
	.11 On round ductwork install operating mechanism on a steel mounted base firmly secured to the ductwork. 
	.12 On externally insulated ductwork, install operating mechanisms on a steel bridge type mounting base to permit continuity of insulation under the mechanism. 
	.13 Electronic Damper Operators: 
	.1 Proportional and 2 position actuator, spring return: 
	.1 Electronic direct coupled type which require no crankarm and linkage. 
	.2 Power supply: 120 VAC (or as indicated in Section 15999 – List of Schedules). 
	.3 Provide proportional damper control in response to 4 to 20 mA control input with the addition of a 500 ohms resistor. 
	.4 Designed so that may be used for either clockwise or counter-clockwise failsafe operation. 
	.5 Use a brushless DC motor and be protected from overload at all angles of rotation. 
	.6 Run time shall be constant and independent of torque. 
	.7 Two (2) SPDT, 6A, 250 VAC position switches, switching points fully adjustable over full actuator rotation. 
	.8 UL listed and CSA certified 

	.2 Provide sufficient damper motors to achieve unrestricted movement, with a minimum of one (1) damper operator per damper section. 
	.3 Standard of acceptance: Belimo 


	2.3 Backdraft Dampers 
	.1 Construct of minimum 1.3 mm aluminum channel frame. 
	.2 Construct of minimum 0.6 mm aluminum blades, complete with stiffeners along trailing edge.  Fabricate single blade dampers for duct sizes to 240 mm, multiblade dampers for ducts greater than 240 mm. 
	.3 Provide full blade-length shafts complete with brass or nylon bearings. 
	.4 Provide neoprene anti-clatter blade strips on pivot side of blades. 
	.5 Construct blade connecting linkage of minimum 2.0 mm aluminum rod with eyelet, pin bearings, and adjustable counter weight to assist blade opening action. 
	.6 Maximum blade length of 750 mm. 
	.7 Backdraft damper suitable for 10 m/s face velocity. 

	2.4 Flexible Connections 
	.1 Fabricate of ULC approved neoprene coated flameproof glass fabric approximately 150 mm (6”) wide tightly crimped into metal edging strip and attached to ducting and equipment by screws or bolts at 150 mm (6”) intervals.  Flexible connection airtight at 500 Pa (2” wg). 
	.2 Do not use flexible connections to connect kitchen ductwork to kitchen fans where the fan is mounted inside the building enclosure.  Fan connections in these cases shall be governed by NFPA 96 (flanged connections). 
	.3 Provide flexible connections between generator, radiator, and discharge plenum. 


	3. EXECUTION 
	3.1 Application 
	.1 Provide access door minimum 450 x 350 mm (18” x 14”) or 50 mm (2”) smaller than duct dimension for cleaning and inspection at positions indicated by Drawings and as follows: 
	.1 Both sides of turning vanes in all ducts 
	.2 At each side of all heating or cooling coils 
	.3 At all locations of internally duct mounted devices including automatic dampers, damper motors and control sensors and devices. 

	.2 At each point where ducts pass through fire separation duct shall be sealed with non combustible material. 
	.3 Provide motorized dampers where indicated on Drawings comes with appropriately sized actuators. 
	.4 Provide balancing dampers at points on supply and exhaust systems where branches are taken from larger ducts as required for proper air balancing. 
	.5 Install ducts associated with fans and equipment subject to forced vibration with flexible connections, immediately adjacent to equipment and/or where indicated on Drawing. 
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	1. GENERAL 
	1.1 Scope 
	Diffusers 
	.2 Grilles and registers 
	.3 Outside louvres 
	.4 Diffuser boots 
	.5 Goosenecks 

	1.2 Quality Assurance 
	.1 Air flow tests and sound level measurement shall be made in accordance with applicable ADC equipment test codes, ASHRAE Standards, and AMCA Standards. 
	.2 Unit rating shall be approved by ADC and AMCA. 
	.3 Manufacturer shall certify catalogued performance and ensure correct application of air outlet types. 
	.4 Outside louvres shall bear AMCA seal for free area and water penetration. 

	1.3 Project Conditions 
	.1 Review requirements of outlets as to size, finish and type of mounting prior to submitting Shop Drawings and schedules of outlets. 
	.2 Positions indicated are approximate only.  Check locations of outlets and make necessary adjustments in position to conform with Architectural features, symmetry and lighting arrangement. 

	1.4 Submittals 
	.1 Submit Shop Drawings with complete catalogue information, materials of construction, dimensions and accessories for all air outlets, louvres and components in this Specification Section, and as scheduled. 
	.2 Submit colour selection charts of finishes for approval prior to fabrication. 

	2. PRODUCTS 
	2.1 General 
	.1 Base air outlet application on space noise level of NC 30 maximum. 
	.2 Provide supply outlets with sponge rubber seal around the edge. 
	.3 Provide baffles to direct air away from walls, columns or other obstructions within the radius of diffuser operation. 
	.4 Provide plaster frame for diffusers located in plaster surfaces. 
	.5 Provide anti-smudge frames or plaques on diffusers located in rough textured surfaces such as acoustical plaster. 
	Refer to Air Outlet Schedule for specifications of air outlets. 

	2.2 Outside Louvres 
	.1 Louvres 100 mm deep with blades on 45° slope with centre baffle and return bend heavy channel frame, birdscreen with 15 mm square mesh. 
	Fabricate of 1.6 mm (16 gauge) galvanized steel blades and frame.  Provide welded assembly. 
	Finish in factory baked enamel.   
	.4 See Equipment list in Section 15999 – List of Schedules. 

	Goosenecks 
	.1 Fabricate goosenecks of minimum 1.3 mm (18 gauge) galvanized steel. 
	.2 Mount on minimum 300 mm high curb base where size exceeds 225 x 225 mm. 


	3. EXECUTION 
	3.1 Priming 
	.1 Paint ductwork visible behind air outlets matte black. 

	3.2 Sizing 
	.1 Size outside air louvres as indicated on Drawings. 
	.2 Size air outlets as indicated on Drawings. 

	3.3 Air Outlets Schedule 
	.1 Refer to Equipment Schedules in Section 15999 – List of Schedules. 
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	1. GENERAL 
	1.1 Scope 
	Pleated filters 

	1.2 Quality Assurance 
	.1 Filters shall be product of and supplied by one manufacturer. 
	.2 Filter media shall be UL listed, Class I or Class II. 
	.3 Filter components assembled to form filter banks shall be products of same manufacturer. 
	.4 Filters containing asbestos, urea formaldehyde or fibreglass will not be accepted. 

	1.3 Alternatives 
	.1 Size, media face area, material, test efficiency, initial and final air resistance of alternative manufacturers shall be as specified. 

	1.4 Submittals 
	.1 Provide Shop Drawings of all filters, and filter racks/housings. 

	2. PRODUCTS 
	Frames 
	.1 Fabricate filter frames and supporting structures of galvanized steel or extruded aluminum with necessary gasketting between frames and walls.  Provide holding frames 1.6 mm (16 gauge), "T" section construction. 
	.2 Provide standard size frames to provide interchangeability of filter media of other Manufacturers. 

	2.2 Pleated Filters 
	.1 Media:  the filter shall be constructed of non-woven reinforced cotton rayon.  A diamond grid with 98% open area shall provide support for the media.  The media shall be bonded to media support to ensure pleat stability.  A rigid, moisture resistance heavy duty kraft board shall enclose the media.  The filter pack shall be bonded to the inside periphery of the frame to eliminate air bypass. 
	The efficiency shall be 30 to 35% based on ASHRAE 52-76 up to 2.5 m/s (500 fpm) for 25 mm and 50 mm thick and up to 3.0 m/s (600 fpm) for 100 mm thick. 


	3. EXECUTION 
	3.1 Installation 
	.1 Construct and install filters to prevent passage of unfiltered air.  Provide felt, rubber or neoprene gaskets. 
	.2 Do not operate fan system connected to filter banks until filters (temporary or permanent) are in place.  Provide new filters at take-over by the City.  Replace filters used during construction. 
	.3 Provide filter banks in arrangement shown with removal and access indicated. 

	3.2 Performance 
	.1 Refer to Equipment Schedules in Section 15999 – List of Schedules. 
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	1. GENERAL 
	1.1 References 
	.1 The following is a list of standards which may be referenced in this Section: 
	.1 ANSI: X3.4, Information Systems - Coded Character Sets - 7 Bit American National Standard Code for Information Interchange (7 Bit ASCII). 
	.2 ASHRAE:  
	.1 135, Data Communication Protocol for Building Automation and Control Networks. 

	.3 EIA:  
	.1 TIA 232 F, Interface Between Data Terminal Equipment and Data Circuit Terminating Equipment Employing Serial Binary Data Interchange. 
	.2 485, Standard for Electrical Characteristics of Generators and Receivers for Use in Balanced Digital Multi point Systems. 

	.4 FM. 
	.5 ISO: 8802 3, Information Technology - Telecommunication and Information Exchange Between Systems - Local and Metropolitan Area Networks - Specific Requirements - Carrier Sense Multiple Access with Detection (CSMA/CD) Access Method and Physical Layer Specifications. 
	.6 NEMA: 250, Enclosures for Electrical Equipment (1,000 V Maximum). 
	.7 NFPA: 
	.1 90A, Standard for the Installation of Air Conditioning and Ventilating Systems. 

	.8 UL: 916, Standard for Safety Energy Management Equipment. 
	.9 ULC. 
	.10 CSA. 
	.11 Canadian Electrical Code. 


	1.2 Definitions 
	.1 The terms “HVAC Control System”, “Automatic Temperature Control System”, “Building Automation System”, and “Environmental Management and Control System” shall be considered equivalent and used interchangeably for the purposes of this Contract.  
	.2 Algorithm: A software procedure for solving a recurrent mathematical or logical problem. 
	.3 Analog: A continuously varying signal or value (temperature, current, velocity, etc.). 
	.4 Binary: A two-state system where an “ON” condition is represented by a high signal level and an “OFF” condition is represented by a low signal level. 
	.5 Control Wiring:  
	.1 Includes necessary power wiring to HVAC control devices, digital controllers including terminal units and actuators. 
	.2 Wiring, high or low voltage other than power wiring required for proper operation of mechanical systems. 
	.3 Includes conduit, wire, and wiring devices to install complete control system including motor control circuits, interlocks, thermostats, PE and EP switches and like devices. 
	.4 Includes wiring from DDC cabinet to all sensors and controlled equipment indicated on Drawings and/or in the Points List summary or specified herein and required to execute sequence of operation. 

	.6 Control Process: Software required to complete control loop from input signal to interlock logic and process calculation to final output signal control. 
	.7 Deadband: Temperature range over which no heating or cooling energy is supplied, such as 22 to 25°C; as opposed to single point changeover or overlap, or a range from set point over which no control action is taken. 
	.8 DDC: Consists of microprocessor based controllers with control logic performed by software. Analog to digital (A/D) converters transform analog values into digital signals that microprocessor can use. 
	.9 Power Wiring: Line voltage wiring to mechanical equipment. Line voltage wiring that also serves as control circuit, such as line voltage thermostat or involves interlocking with damper shall be considered control wiring. 
	.10 Abbreviations that may be used in this Section: 
	.1 AC: Air Conditioning. 
	.2 ATC: Automatic Temperature Control. 
	.3 BAS: Building Automation System. 
	.4 CMOS: Complementary Metal Oxide Semiconductor. 
	.5 DDC: Direct Digital Control. 
	.6 DX: Direct Expansion. 
	.7 EP: Electro-Pneumatic 
	.8 EEPROM: Electronic Erasable Programmable Read Only Memory. 
	.9 EMCS: Environmental Management and Control System. 
	.10 HCP: HVAC Control Panel. 
	.11 HMI: Human-Machine Interface. 
	.12 HOA: Hand-Off-Auto (Switch). 
	.13 HVAC: Heating, Ventilation, and Air Conditioning. 
	.14 IP: Current (I) - Pressure (P), as in IP transducer. 
	.15 LCD: Liquid Crystal Display. 
	.16 LED: Light Emitting Diode. 
	.17 PE: Pneumatic-Electric 
	.18 PLC: Programmable Logic Controller. 
	.19 RAM: Random Access Memory. 
	.20 RTD: Resistance Temperature Detectors. 
	.21 VAV: Variable Air Volume. 
	.22 W3: Nonpotable Water. 


	1.3 System Description 
	.1 General Requirements: 
	.1 Supply and Install control wiring, power wiring, conduit, hardware, and electrical work associated with the HVAC control system. 
	.2 Supply and Install control wiring between HVAC control panel contacts and field control devices, such as dampers and motor starter control coil contacts. 
	.3 Supply and Install controls necessary for entire system to have fail safe operation. 
	.4 Control sequences and functions including alarms, monitoring and resetting functions, and operational sequences shall not be limited to point schedules and sequences of operation. 
	.5 Provide sequences and functions as required to deliver a fully functioning HVAC system. 

	.2 Control System Type: 
	.1 The control system used in this Project shall be: 
	.1 Networked DDC Control System (NETWORKED DDC): 

	.2 Microprocessor based DDC Control System utilizing standalone DDC controllers. 
	.3 Information within control system can be utilized by any control component over high speed network. 
	.4 User interface via computer workstation and/or portable terminal. 

	.3 Performance Requirements: Design control system and equipment to perform under the following conditions: 
	.1 Temperature, Ambient: 
	.1 Summer maximum 32 DB/22 WB °C. 
	.2 Winter minimum -35 DB °C. 
	.3 Based on ASHRAE Handbook Fundamentals weather data for the City of Winnipeg, Manitoba. 

	.2 Temperature, Indoor: 
	.1 Heated and Ventilated Process Areas: Summer maximum 39°C; Winter minimum 10°C. 



	1.4 Submittals 
	.1 Submittals:  
	.1 Shop Drawings: 
	.1 Complete specifications, descriptive drawings, catalog cuts, and descriptive literature that include make, model, dimensions, weight of equipment, and electrical schematics, for all control system components. 
	.2 Complete system power, interlock, control, and data transmission wiring diagrams no smaller than 280 x 432 mm. 
	.3 Complete Drawings and schematics of proposed control system, including panel power requirements. 
	.4 System operating sequences to be programmed, in exact English language. 
	.5 Complete points list. 
	.6 Interfaces with HVAC equipment. 
	.1 Schematic diagram of each equipment item. 
	.2 Indicate location of each control item in equipment. 
	.3 Show equipment manufacturer controls where installed. 

	.7 Panel face layout drawings. 
	.8 Damper actuator sizing calculations, in schedule form. 
	.9 Automatic control valve sizing calculations, in schedule form. 


	.2 Information Submittals: 
	.1 Table identifying which member of Contractor’s team is responsible for furnishing and setting in-place power wiring and control wiring of each item or component of HVAC equipment. 
	.2 Recommended procedures for protection and handling of equipment and materials prior to installation. 
	.3 Certificates: 
	.1 Manufacturer’s Certificate of Compliance. 
	.2 Manufacturer’s Certificate of Proper Installation. 

	.4 Draft maintenance agreement. 
	.5 Confirmation that Subcontractor has received, and coordinated with all approved HVAC equipment submittals. 
	.6 Experience and qualifications of Subcontractor’s proposed representative who will supervise installation, adjustment, and calibration of control systems. 
	.7 Performance test plan and schedule. 
	.8 Test Results: 
	.1 Functional and performance test documentation. 
	.2 Component calibration sheets for each instrument and panel component. 

	.9 O&M data: In accordance with Section 01730 – Operation and Maintenance Data. In addition, include the following detailed information: 
	.1 O&M instructions for control system as furnished and installed, including control of associated mechanical and electrical equipment. 
	.2 Record of system adjustments and calibration methods. 
	.3 Performance test results. 



	1.5 Quality Assurance 
	.1 Materials, devices, appliances, and equipment used shall be indicated as acceptable by established standards of UL, ULC, and CSA. 
	.2 Codes and Standards: Meet requirements of applicable standards and codes, except when more detailed or stringent requirements are indicated by Contract Documents, including requirements of this Section. 
	.1 UL: Products shall be UL 916 PAZX listed and ULC listed. 
	.2 Networked DDC Control Systems shall comply with ASHRAE 135 (BACnet). 

	.3 Qualifications of HVAC Controls System Subcontractor: 
	.1 Minimum of fifteen (15) years’ experience in design, installation, and maintenance of fully electronic building automation systems. 
	.2 Minimum of ten (10) years’ experience in design, installation, and maintenance of computer based, direct digital control, facility automation systems. 
	.3 Minimum of five (5) years’ experience as Manufacturer’s authorized representative in design, installation, and maintenance of Manufacturer’s system and products. 
	.4 Capable of furnishing factory trained technicians, competent to provide instruction, routine maintenance, and emergency service onsite within 4 hours after receipt of request. 
	.5 Factory trained certified engineering and commissioning staff, and complete offsite training facilities.  
	.6 Necessary facilities to provide City with complete maintenance, periodic inspection, and service contract. Refer to Paragraph, MAINTENANCE. 

	.4 Compatibility: 
	.1 System shall have documented history of compatibility by design for minimum of fifteen (15) years.  Future compatibility shall be supported for no less than ten (10) years.  
	.2 Compatibility shall be defined as: 
	.1 Ability to upgrade existing field panels to current level of technology, and extend new field panels on previously installed network. 
	.2 Ability for any existing field panel microprocessor to be connected and directly communicate with new field panels without bridges, routers, or protocol converters. 



	1.6 Delivery, Storage, and Handling 
	.1 Corrosion Protection: 
	.1 Control panels, enclosures, and other equipment containing electrical or instrumentation and control devices, including spare parts, shall be protected from corrosion through use of corrosion inhibiting vapour capsules. 
	.2 Prior to shipment, capsules shall be provided within shipping containers and equipment as recommended by capsule Manufacturer. 
	.3 During construction period, capsules shall be replaced in accordance with capsule Manufacturer’s recommendations. 


	1.7 Maintenance 
	.1 Maintenance Service Agreement: 
	.1 Furnish a draft maintenance agreement, prepared and signed by the Controls Supplier, to provide the necessary preventive maintenance to keep the various control systems in proper working condition. 
	.2 Fully describe the maintenance work to be performed and estimate cost of the maintenance during the one (1) year correction period and the subsequent year. 
	.3 This service contract shall include twenty four (24) hour emergency service, seven (7) days per week. 


	2. PRODUCTS 
	2.1 Manufacturers 
	.1 Materials, equipment, and accessories specified shall be products of the following manufacturers, unless indicated otherwise: 
	.1 Landis Division of Siemens Building Technology, Inc. 
	.2 Johnson Controls. 
	.3 Honeywell. 


	2.2 Materials 
	.1 General: 
	.1 Products used in this installation shall be new, currently under manufacture, and shall have been applied in similar installations for minimum of two (2) years. 
	.2 System shall not be used as test site for new products, unless explicitly approved by Contract Administrator’s representative, in writing. 

	.2 Control Components: 
	.1 Control the equipment to operate within the specified range to obtain specified capacities. 
	.2 Sensitivity to maintain control points close enough to set point for acceptable offset, without cycling equipment more frequently than recommended by Manufacturer. 
	.3 Field or computer adjustable to actual set point ranges.  Adjustable to other settings that will provide proper operation of entire control system. 

	.3 Controls Interfacing: 
	.1 Interface controls properly with factory supplied components of mechanical systems. Coordinate special control interfacing requirements. 
	.2 For equipment that requires special interfacing with control system, provide equipment with integral controls or provide accessory devices required for operation of total mechanical system. 
	.3 Coordinate interfaces with electrical work as necessary. 
	.4 Provide electric, electronic, and mechanical devices as required to properly interface with prewired control panels furnished with HVAC equipment and with other mechanical and electrical components. 


	2.3 Labelling 
	.1 All products, namely electrical materials, devices, appliances, and equipment used, shall be indicated as acceptable by established standards of UL, ULC, FM, and CSA. 
	.2 Valid label affixed to item shall provide indication of product acceptance by required agencies. 
	.3 HVAC control panels and control components that consist of multiple components shall bear UL, ULC, and CSA listing mark on unit. 

	2.4 Service Conditions 
	.1 Refer to Section 01600 – Material and Equipment, Division 16 – Electrical Requirements, and Electrical Drawings for classification of areas as hazardous, corrosive, wet, indoor dry, and dust tight. 
	.2 Use materials and methods, and enclose devices in NEMA enclosure types suitable for classification indicated, and as required by Canadian Electrical Code. 
	.3 Exhaust ductwork shall be considered same classification as area served. 
	.4 Instruments within 900 mm of ducts conveying air from spaces classified as Class I, Division 1 or 2 (in accordance with the Canadian Electrical Code) shall be suitable for same area classification as space exhausted. 

	2.5 Electrical Components and Accessories 
	.1 Electrical components shall be provided in accordance with requirements of Division 16, Electrical. 

	2.6 Field Components and Instruments 
	.1 Refer to HVAC controls detailed specification, Section 15901 – HVAC Controls, Field Components, and Instruments. 

	2.7 Microelectronic Control Components 
	.1 Refer to HVAC controls detailed specification, Section 15902 – Microelectronic Control Components. 

	2.8 Accessories 
	.1 Corrosion inhibiting vapour capsules as manufactured by: 
	.1 Northern Instruments; Model Zerust VC. 
	.2 Hoffman; Model A HCI 

	.2 Lifting Lugs: Provide suitably attached for equipment assemblies and components weighing over 45 kg. 
	.3 Equipment Identification Plates:  
	.1 Provide 16 gauge stainless steel identification plate securely mounted on each separate equipment component and control panel in a readily visible location.  Plate shall bear 6 mm high engraved block type equipment identification number and letters indicated in this Specification and as shown. 
	.2 Provide adjacent to the following control devices, and for equipment whose function is not readily apparent. 
	.1 Night low limit thermostats 
	.2 Manual override timers 
	.3 START/STOP switches 
	.4 Emergency STOP switches 
	.5 Special purpose devices 
	.6 HVAC control panels 



	2.9 Equipment Finish 
	.1 Provide materials and equipment with Manufacturer’s standard finish system. Provide Manufacturer’s standard finish color, except where specific color is indicated. 
	.2 If Manufacturer has no standard color, provide gray finish as approved by the Contract Administrator. 


	3. EXECUTION 
	3.1 Sequences of Operation 
	.1 The Electrical Room:  
	.1 Cooling 
	.1 The AHU-H222A is equipped with an economizer section (outside air and return air dampers) to provide the first stage of cooling. When outside temperatures are below the indoor set point temp the outside air and return air dampers modulate to maintain space temperature at set point. The AHU is equipped with two (2) supply fans (primary and back-up duty) each fan has its own motor.  Both fans are VFD controlled and normally operate together at the same speed. If one fan fails the other shall speed up to compensate. In addition the AHU is equipped with two (2) DX cooling coils and two (2) condensers CU-H224A & CU-H225A. Should outside air temperatures rise above the indoor temp set point the AHU outside air damper shall close, the return air damper open and each condenser started in sequence to maintain space temp at set point. In the event that a fan or condenser fails an alarm shall be indicated on the BAS. The BAS shall modulate the speed of the exhaust fan EF-H226A via the VFD to maintain space static pressure at slightly positive (+0.05” wg).  

	.2 Heating: 
	.1 The BAS shall modulate the AHU outside and return air dampers and supply fan speeds in sequence to maintain space temp at set point. Separate heating only thermostats which operate the gas fired unit heaters, UH-H218A & UH-H218B, in the electrical room shall bring on the unit heaters in the event the AHU can not maintain space temp. 



	3.2 Generator room sequence of operation 
	.1 Cooling when diesel generators are on: 
	.1 When the BAS receives a signal that a generator has started the combustion air damper section shall open fully. This damper is a fail open damper, spring to open, (upon loss of power or control signal this damper fails open). The return dampers are also normally open. The exhaust and outside air dampers are normally closed.  
	.2 With the generator running, when the space temperature rises above set point, as sensed by a temperature sensor adjacent to the generator, each individual outside air and corresponding exhaust damper section opens in sequence. At the same time the return air dampers modulate closed. This sequence continues as space temperature rises until all outside air and exhaust dampers are open and the return dampers are fully closed. Note that O/A and Ex/A dampers do not modulate but are instead staged open/closed whereas the return air dampers modulate open/closed.  When the generator is shut down, as sensed by the BAS the cool down sequence of operation is engaged, as follows. 

	.2 Cool Down Sequence, after generators are shut down: 
	.1 After the generator has been shut down there is residual heat that must be removed.  To accomplish this, the BAS opens all O/A, Ex/A, and R/A dampers fully and turns on the corresponding roof mounted exhaust fan.  The dampers and exhaust fan stay operating until space temp has returned to set point at which point the O/A and Ex/A dampers close, the R/A dampers open and the exhaust fan shuts off. Note that the exhaust fan is equipped with a 2 position (open/closed) isolation damper that is open when the fan is running and closed when not running.  
	.2 Each O/A, Ex/A, and R/A damper is equipped with end switches to signal the BAS if it is open or closed. In the event a damper fails, the next damper in sequence shall operate and an alarm shall be indicated on the BAS. The exhaust fan shall be equipped with a current sensing relay to provide operating status and alarm if out of range.  In addition hi and low temperature alarm limits shall be programmed into the BAS. 
	.3 There shall be an independent BAS controller for each generator cooling loop (3 loops, 1 loop per generator). These controllers shall be networked together to share information. Provide one completely programmed spare controller ready to replace a defective one. 

	.3 Heating: 
	.1 Gas fired unit heaters c/w heating only T’Stats are used to maintain space temperature at the heating set point and operate independently of the BAS.  Should space temperature drop below the T’Stat set point, whether or not the generators are operating, the heaters shall come on. 

	.4 Ventilation: 
	.1 The generator room is ventilated and cooled when the generators are off by means of a cooling only T’Stat, controlling a side wall propeller exhaust fan and outside air inlet damper.  Upon a rise in space temp above T’Stat setting the O/A damper shall open, and the sidewall propeller fan shall start (after fan damper opens). 
	.2 Manual room ventilation can also be supplied temporarily via a wind-up timer, which upon turning, activates the exhaust fan and damper. 


	3.3 Installation 
	.1 General: 
	.1 Install systems and materials in accordance with Manufacturer’s instructions, rough in drawings, and equipment details. 
	.2 Changes in location or installation of control devices or equipment shall be approved by the Contract Administrator before proceeding with the Work. 
	.3 Mount devices requiring manual reset and all other user serviceable control devices in readily accessible locations. 

	.2 Wiring: 
	.1 General: 
	.1 Install electric wire, cable, fittings, and conduit associated with systems specified in this section, in accordance with requirements of Canadian Electrical Code. 
	.2 Install control and interlock wiring separate from power wiring. 
	.3 Number code or color code conductors, excluding those used for individual zone controls, appropriately for future identification and servicing of control system. 
	.4 Provide wire markers on each conductor in panel and at load connections.  Identify circuit with control wire number. 
	.5 Restrain wiring in control panels by plastic ties or ducts.  
	.6 Hinge wiring shall be secured at each end so that any bending or twisting will be around longitudinal axis of wire and bend area shall be protected with sleeve. 
	.7 Arrange wiring neatly, cut to length, and remove surplus wiring.  Provide abrasion protection for any wire bundles that pass through holes or across edges of sheet metal. 
	.8 Use Manufacturer’s recommended tool with proper sized anvil for crimp terminations.  No more than two (2) wires may be terminated in single crimp lug and no more than two lugs may be installed on single screw terminal. 
	.9 Wiring shall not be spliced or tapped except at device terminals or terminal blocks. 
	.10 Properly support and run wiring in a neat manner. 
	.11 Run wiring parallel or at right angles to building structure. 

	.2 Concealment: 
	.1 Generally conceal wiring from view, except in mechanical rooms and areas where other conduit and piping are exposed; install exposed wiring and conduit to be as unobtrusive as possible. 
	.2 Install line voltage control wiring, wiring exposed to view, surface-mounted wiring, and wiring concealed within walls in conduit, in accordance with Division 16, Electrical. 
	.3 Install exposed and concealed low voltage control wiring systems in conduit. 
	.4 Wiring within enclosures shall be neatly bundled and anchored to prevent obstruction to devices and terminals. 
	.5 Conduit shall be sized to suit the number, type, and size of conductors as specified in Section 16120 – HV Power Cables & 8 KV Shielded Cable Terminations, and Section 16122 – Wires and Cable 0-1000V. 


	.3 End User Accessible Control Components: 
	.1 Do not mark room thermostats. 
	.2 Mount user adjustable control components (room thermostats, humidistats, temperature sensors, humidity sensors, etc.) level and at 1500 mm above finished floor unless indicated otherwise on the Drawings. 

	.4 Control Valves: 
	.1 Verify correctness of installation. 
	.2 Verify proper control action. 
	.3 Adjust limit switch settings. 
	.4 Adjust opening and closing speeds, and travel stops. 
	.5 Stroke control valves by means of associated controller. 

	.5 Control Dampers: 
	.1 Verify correctness of installation. 
	.2 Verify proper control action. 
	.3 Adjust limit switch settings. 
	.4 Adjust opening and closing speeds, and travel stops. 
	.5 Stroke control dampers by means of associated control output. 

	.6 Adjustable Frequency Drives: 
	.1 Verify control wiring installed to adjustable frequency drive. 
	.2 Calibrate and adjust remote speed control loop and feedback loop. 
	.3 Verify control actions and interlocks. 
	.4 Adjust minimum and maximum speed settings. 
	.5 Ramp adjustable frequency drive by simulation of associated controller output. 

	.7 DDC Controllers: 
	.1 Verify control wiring for correctness. 
	.2 Verify power wiring. 
	.3 Calibrate and adjust manual and auto control actions of controllers. 
	.4 Tune control loop. 
	.5 Stroke associated final element through controller output. 
	.6 Verify set points and alarm functions. 


	3.4 Field Quality Control 
	.1 Performance and Functional Testing: 
	.1 Tests and certification shall be as specified in Section 01400 – Quality Control. 
	.2 HVAC controls interface with process control system shall be coordinated with the Work of Section 17600 – PLC I/O Index. 


	3.5 Manufacturer’s Services 
	.1 Manufacturer’s Representative: Present at site or classroom as designated by City for minimum person-days listed below, travel time excluded: 
	.1 Five (5) person-days for installation, assistance, and inspection. 
	.2 Five (5) person-days for functional and performance testing and Manufacturer’s Certificate of Proper Installation. 
	.3 Five (5) person-days for prestartup classroom or site training. 
	.4 Five (5) person-days for equipment (generator) start-up. 
	.5 Five (5) person-days for post-startup training. 



	3.6 Training 
	.1 Provide training of City’s personnel to enable them to operate HVAC equipment in available modes, to adjust set points, and to interpret alarm signals. 
	.2 Training sessions shall be prepared in advance, and arranged for clear, effective transfer of information in minimum time. 

	3.7 Adjusting and Calibrating 
	.1 Control system shall be adjusted and calibrated by qualified Manufacturer’s Representative. 
	.2 Calibrate control devices at time of installation to ensure measuring and reading accuracy. 
	.3 Adjustment Record: 
	.1 Prepare complete record of system adjustments for each control system. 
	.2 Indicate deviations from specified temperatures. 
	.3 Include copy of completed record in each copy of O&M Manual. 


	3.8 Cleaning and Touch-up Painting 
	.1 Touch-up scratches, scrapes, or chips in exterior surfaces with finish matching type, colour, consistency, and type of surface of original finish. 
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	1. GENERAL 
	1.1 General 
	.1 This section is supplemental to Section 15900 – HVAC Instrumentation and Controls - General. 
	.2 The requirements of this Section shall be met in addition to those listed in Section 15900 – HVAC Instrumentation and Controls – General and Section 15902 – Microelectronic Field Components. 

	2. PRODUCTS 
	2.1 Control Dampers 
	.1 General: 
	.1 Specification applies to control dampers, except those specified to be furnished with equipment. 
	.2 Furnish opposed blade type for proportional action and parallel blade type for two position action, except where indicated otherwise. 

	.2 High Performance Control Dampers (M): 
	.1 Frame: Frame: 127 x 25 mm by minimum 3.2 mm 6063 T5 extruded aluminum hat shaped channel, mounting flanges on both sides of frame, reinforced at corners. 
	.2 Blades: 
	.1 Style: Airfoil shaped, single piece. 
	.2 Orientation: Horizontal or vertical with thrust washers, as indicated on Drawings. 
	.3 Material:  Heavy duty 6063 T5 extruded aluminum. 
	.4 Width: Nominal 152 mm. 

	.3 Bearings: Molded synthetic sleeve, turning in extruded hole in frame. 
	.4 Seals: 
	.1 Blade Seals: Extruded neoprene type for ultra low leakage from -58 to 135°C. Mechanically attached to blade edge. 
	.2 Jamb Seals: Flexible metal compression type. 

	.5 Linkage: Concealed in frame. 
	.6 Axles:  
	.1 Minimum 13 mm diameter, hex shaped, mechanically attached to blade.  
	.2 Material: Plated steel. 

	.7 Performance Data: As follows: 
	.1 Temperature Rating: Withstand -58 to 135°C. 
	.2 Capacity: Demonstrate capacity of damper to withstand HVAC system operating conditions. 
	.3 Closed Position: Maximum pressure of 3.2 kPa at 305 mm blade length. 
	.4 Open Position: Maximum air velocity of 1,829 m/minute. 
	.5 Leakage: Maximum 0.6m3/minute/m2 at 1 kPa for size 1219 x 1219 mm. 
	.6 Pressure Drop: Maximum 0.01 kPa at 457 m/minute across 610 x 610 mm damper. 

	.8 Manufacturers and Products: 
	.1 Ruskin; Model CD 50. 
	.2 American Warming and Ventilating. 
	.3 TAMCO. 



	2.2 Control Damper Operators 
	.1 General: 
	.1 Select actual quantity of motors required to operate each damper in accordance with size of damper provided. 
	.2 Coordinate exact quantity of damper motors with electrical work to ensure that necessary wiring and conduit is provided for installation. 
	.3 Provide operators for motorized dampers and motorized louvers. 

	.2 Electric Damper Operators: 
	.1 Refer to Motorized Damper Schedule. 
	.2 Mounting: External side plate. 
	.3 Ample power and torque to overcome friction of damper linkage and air pressure acting on damper blades. 
	.4 Furnished with external adjustable stops to limit stroke and end switches to indicate open or closed feed back. 
	.5 Operators on modulating dampers that are to be sequenced with other control devices shall have full relay type pilot positioner and interconnecting linkage to provide mechanical feedback that will accurately position and control damper. 
	.6 Intake, relief, and exhaust dampers shall close and return dampers shall open on control failure or power failure, unless indicated otherwise. 
	.7 Operating Torque: 
	.1 Provide multiple independent damper sections, each with separate actuator, as needed to provide minimum of 120% of operating torque required by damper(s). 
	.2 Required damper operating torque for actuator sizing calculations shall include friction of damper linkage and 200 Pa air pressure on damper blades: 
	.1 Opposed Blade Dampers: Minimum 6 Nm per square meter of damper area, unless higher values are recommended by damper Manufacturer. 
	.2 Parallel Blade Dampers: Minimum 8.5 Nm per square meter of damper area, unless higher values are recommended by damper Manufacturer. 


	.8 Manufacturers: 
	.1 Belimo 
	.2 Neptronic 
	.3 Siemens Building Technologies 
	.4 Johnson Controls 
	.5 Honeywell 



	2.3 Electric Thermostats (TE) 
	.1 Modulating electric type, except where two position action is required. 
	.2 Temperature Scale: Furnish 10 to 32°C dial. 
	.3 External adjustments. 
	.4 Adjustable sensitivity. 
	.5 Nonlocking cover. 
	.6 Insulating back where exterior wall mounting is indicated. 

	2.4 Electronic Sensors 
	.1 Temperature (TT): 
	.1 General Requirements: 
	.1 Sensors and transmitters shall be provided, as outlined in input/output summary and sequence of operations. 
	.2 Temperature sensor shall be resistance type, and shall be either two wire 1,000 ohm nickel RTD or two wire 1,000 ohm platinum RTD. 
	.3 The following point types (and accuracy of each) are required, and their associated accuracy values include errors associated with sensor, lead wire, and A to D conversion: 

	.2 Room Temperature (TT 1): 
	.1 Constructed for either surface or wall box mounting. 
	.2 Nonlocking wire protective guards for room temperature sensors installed in process areas. 
	.3 Shall have the following options when specified: 
	.1 Set point reset slide switch providing plus or minus 1.7°C (adjustable) range. 
	.2 Individual heating/cooling set point slide switches. 
	.3 Momentary override request pushbutton for activation of after hours operation. 
	.4 Analog thermometer. 


	.3 Room Temperature Sensors with Integral Display (TS 2): 
	.1 Constructed for either surface or wall box mounting. 
	.2 Nonlocking wire protective guards for room temperature sensors installed in process areas. 
	.3 Integral LCD display and four button keypad with the following capabilities: 
	.1 Display room and outside air temperatures. 
	.2 Display and adjust room comfort set point. 
	.3 Display and adjust fan operation status. 
	.4 Timed override request pushbutton with LED status for activation of after hours operation. 
	.5 Display controller mode. 
	.6 Password selectable adjustment of set point and override modes. 


	.4 Duct Temperature (TT 3): 
	.1 Accuracy: Plus or minus 1 degree F. 
	.2 Range: 
	.1 Heating: 4 to 60°C. 
	.2 Cooling: minus 1 to 38°C. 

	.3 Element: 
	.1 Rigid insertion, 300 mm length, through sealed opening in center of duct. 
	.2 Averaging, for ducts or plenums with any dimension greater than 908 mm. Sealed opening in duct. Sensing element incorporated in copper capillary a minimum of 6.1 m long, serpentined across full area of airflow. 


	.5 Outdoor Temperature (TS 5): 
	.1 Accuracy: Plus or minus 0.5°C. 
	.2 Range: Minus 4 to 60°C. 
	.3 Cover: Weathertight, with sealed conduit connection and sun shield. 


	.2 Differential Pressure (DP 1): 
	.1 General: 
	.1 Temperature compensated. 
	.2 Vary output voltage with change in differential pressure.  Voltage shall vary linearly from 0 to 10 VDC according to differential pressure between high and low pressure ports. 
	.3 Sensing range shall be suitable for application with linearity of 1.5% of full scale and offset of less than 1% of full scale. 
	.4 Capable of withstanding up to 150% of rated pressure without damage. 
	.5 Compatible with 14 V to 30 VDC supply voltage range. 

	.2 Duct Air Static Differential Pressure: 
	.1 MAMAC transmitter. 
	.2 Dwyer A302 duct probe. 
	.3 Install static pressure fittings for differential pressure sensors and switches at a right angle to the flow. 

	.3 Space Air Static Differential Pressure: MAMAC transmitter. 


	2.5 Miscellaneous Devices 
	.1 General: 
	.1 RTD to voltage (0 to 5 V) converters with zero span adjustments for use with analog inputs. 
	.2 Limited range thermistors are acceptable provided they sense expected range for point at specified accuracy with 0 to 5 V output. 
	.3 Auxiliary contacts in each motor starter, Work of Division 16, Electrical. 
	.4 START/STOP relay module for either momentary or maintained switch action as indicated. 

	.2 Pilot Relays: 
	.1 Plug in type. 
	.2 Interchangeable. 
	.3 Mounted on a circuit board. 
	.4 Wired to numbered terminal strips. 

	.3 Motorized Step Controllers: Furnish with adjustable (from -17 to -12°C) deadband between heating and cooling functions. 
	.4 Manual Timer (MT): 
	.1 1 hour, SPST, 120 V, 20 A. 
	.2 Spring wound. 
	.3 HOLD feature to override the time clock during off hour operation. 
	.4 Install on front cover of HVAC Control Panel. 
	.5 Manufacturers and products: 
	.1 Marktime 
	.2 Dayton 
	.3 Nutone 




	3. EXECUTION  
	3.1 Installation 
	.1 Control Dampers: 
	.1 Install at locations indicated on Drawings and in accordance with Manufacturer's instructions. 
	.2 Install square and free from racking with blades running horizontally. 
	.3 Operate opposed blade dampers from a power blade or drive axle. 
	.4 Bracing: 
	.1 Install for multiple section assemblies to support assembly weight and to hold against system pressure. 
	.2 Install at every horizontal and vertical mullion. 



	3.2 Damper Schedule 
	.1 See Section 15999 – List of Schedules for Control Damper Schedule. 
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	1. GENERAL 
	1.1 General 
	.1 This Section is supplemental to Section 15900 – HVAC Instrumentation and Controls – General, and Section 15901 – HVAC Controls, Field Components, and Instruments. 
	.2 The requirements of this Section shall be provided in addition to those listed in Section 15900 – HVAC Instrumentation and Controls - General. 

	1.2 Definitions 
	.1 ASCII: ANSI X3.4, Information Systems - Coded Character Sets - 7 Bit American National Standard Code for Information Interchange (7 Bit ASCII).  
	.2 BACnet: ASHRAE 135, BACnet, Data Communication Protocol for Building Automation and Control Networks. 
	.3 Distributed Control: System whereby control processing is decentralized and independent of central computer.  Control system is built up of standalone controllers.  Single controller failure shall not impact more than one system. 
	.4 Ethernet: ISO/IEC 8802 3. The most common high performance peer to peer LAN protocol. 
	.5 Integration: 
	.1 Ability of control system components from different manufacturers to connect together and provide coordinated control via real time data exchange through common communications data exchange protocol. 
	.2 Integration shall extend to operator’s workstation software, which shall support user interaction with control system components. 
	.3 Methods of integration include industry standard protocols, such as: BACnet, LonMark/LonTalk, OLE for Process Control (OPC), or integrator interfaces between manufacturer’s systems. 

	.6 Interoperability: Ability of equipment to communicate mutually. 
	.7 Input/Output (I/O): Connections between computer and sensors and actuators. 
	.8 Human Machine Interface (HMI): Method by which operator communicates with HVAC Control System. Allows operator to command, monitor, and program control system. 
	.9 Internet Protocol (IP): Network layer protocol originally created by Defense Advanced Research Project Agency to facilitate data communication between U.S. Defense Department and defense contractors, including universities and manufacturers  
	.10 Local Area Network (LAN): Network in which devices can communicate directly without going through intervening routers. LANs commonly used by DDC system Suppliers include Ethernet (ISO 8802 3), ARCNET, Echelon LonTalk, and EIA 485. 
	.11 Master Slave/Token Passing (MS/TP): One of the data link layers created specifically for use with BACnet messages.  
	.12 Network: 
	.1 System of distributed control units that are linked together on communication highway. 
	.2 Allows sharing of point information between control units. 
	.3 Provides central monitoring and control of entire system from any distributed control unit location. 
	.4 Primary networks provide peer to peer communications. 
	.5 Secondary networks provide either peer to peer, master slave, or supervised token passing communications. 

	.13 Peripheral: I/O equipment used to communicate with computer and make copies of system outputs. Peripherals include CRT, printer, tape deck, diskette. 
	.14 PID (Proportional, Integral, Derivative) Control Loop: Mathematical calculation used to evaluate control input and determine control output value required to maintain input value at set point. Shall have operator adjustable maximum rate of change, P and D gains, and loop response time delay. Loop shall be self integrating so no integral constant is required and not be subject to integral windup. 
	.15 Transmission Control Protocol (TCP): Connection oriented protocol used to convey multiple related messages (e.g., file transfers, Web pages, etc.). 
	.16 Abbreviations that may be used in this Section: 
	.1 BIOS: Basic Input Output System. 
	.2 DDC: Direct Digital Control. 
	.3 IBM: International Business Machines, Inc. 
	.4 LCD: Liquid Crystal Display. 
	.5 PC: Personal Computer. 
	.6 P&ID: Process and Instrumentation Diagram. 
	.7 PI: Pressure Indicator. 


	1.3 Quality Assurance 
	.1 Compatibility: 
	.1 System shall have documented history of compatibility by design for minimum of fifteen (15) years. 
	.2 Future compatibility shall be supported for no less than ten (10) years.  
	.3 Compatibility shall be defined as: 
	.1 Ability to upgrade existing microelectronic controllers to current level of technology, and extend new microelectronic controllers on previously installed network. 
	.2 Ability for any existing microelectronic controller microprocessor to be connected and directly communicate with new microelectronic controllers without bridges, routers, or protocol converters. 



	1.4 System Performance 
	.1 System shall conform to the following performance standards:  
	.1 Graphic Display: 
	.1 Minimum of 20 dynamic points. 
	.2 Current data displayed within 20 seconds of request. 

	.2 Graphic Refresh: System shall update dynamic points with current data within 30 seconds. 
	.3 Object Command:  
	.1 Maximum time between command of binary object by operator and reaction by device shall be 10 seconds.  
	.2 Analog objects shall start to adjust within 10 seconds. 

	.4 Object Scan: Changes of state and change of analog values shall be transmitted over high speed network such that any data used or displayed at controller or workstation will be current, within prior 60 seconds. 
	.5 Alarm Response Time: Maximum time from when object goes into alarm to when it is annunciated at workstation shall not exceed 45 seconds. 
	.6 Program Execution Frequency: Custom and standard applications shall be capable of running as often as once every 5 seconds. Select execution times consistent with mechanical process under control. 
	.7 Performance: Programmable Controllers shall be able to execute DDC PID control loops at selectable frequency from at least once every 5 seconds. Controller shall scan and update process value and output generated by this calculation at this same frequency. 
	.8 Multiple Alarm Annunciation: Workstations on network shall receive alarms within 5 seconds of each other. 
	.9 Reporting Accuracy: Table 1 lists minimum acceptable reporting accuracies for values reported by specified system. 


	2. PRODUCTS 
	2.1 Network Communication 
	.1 Control products for Networked DDC Control System shall comprise an interoperable network, a BACnet network. PC Workstations and Building Controller components shall meet ASHRAE 135, BACnet. 
	.2 Operator Workstations and Building Controllers shall be installed on a primary high speed peer to peer ISO 8802 3 Ethernet network. 
	.3 Custom Application Controllers and Application Specific Controllers may be installed on either primary high speed peer to peer ISO 8802 3 Ethernet network, or Secondary network. 
	.4 Provide all communication media, connectors, repeaters, hubs, and routers necessary for network. 
	.5 Building Controllers shall have communications port for connections with operator interfaces using BACnet Data Link/Physical layer protocol. 
	.6 Provide device on network with minimum 28,000 baud modem that will allow remote operator interface using BACnet Data Link/Physical layer protocol. Modem shall allow for communication with controllers on this network as described below. 
	.7 Communications services over network shall result in operator interface and value passing that is transparent to network architecture as follows: 
	.1 Connection of operator interface device to any one controller on network shall allow operator to interface with other controllers as if that interface were directly connected to other controllers. 
	.2 Data, status information, reports, system software, custom programs for controllers shall be available for viewing and editing from any controller on network. 
	.3 Database values (i.e., points, software variable, custom program variables) of any one controller shall be readable by any other controller on network. 
	.4 This value passing shall be automatically performed by controller when reference to point name not located in that controller is entered into controller’s database. 
	.5 Operator/installer shall not be required to set-up any communications services to perform network value passing. 

	.8 Time clocks in controllers shall be automatically synchronized daily. 

	2.2 Network Human Machine Interface 
	.1 Operator Interface: 
	.1 Furnish PC based operator workstation. 
	.2 Workstation shall be able to access all information in system. 
	.3 Workstation shall reside on same high speed network as building controllers, and shall also be able to dial into system. 

	.2 Communications: 
	.1 Workstation information access shall use BACnet Protocol. 
	.2 Communication shall use ISO 8802 3 (Ethernet). 
	.3 Remote communications shall use BACnet Point to Point Physical/Data Link Layer Protocol. 

	.3 Hardware: Each operator workstation shall consist of the following: 
	.1 Personal Computer: 
	.1 Furnish one (1) IBM compatible PC. 
	.2 Features: 
	.1 Monitor: 432 mm, minimum, SVGA.  
	.2 CPU: Intel Pentium 4, minimum, and operate at a minimum of 3.0 GHz. 
	.3 RAM: 512 Megabytes, minimum. 
	.4 Diskette Drive: One with 1.44 Megabytes capacity. 
	.5 Optical Drive: 48X speed, CD ROM. 
	.6 Hard Drive: 80 GigaByte capacity, minimum, with maximum access time of 9.0 milliseconds. 
	.7 Mouse: Two button. 

	.3 Furnish required serial, parallel, and network communication ports, and cables for proper system operation. 

	.2 Modem: 
	.1 Auto dial telephone modem and associated cables as required for communication to remote buildings, and workstations. 
	.2 Transmit at minimum of 56,000 baud, and communicate over voice grade telephone lines. 

	.3 Printer: 
	.1 Each workstation shall have one printer, with tractor feed, and associated cables. 
	.2 Capable of minimum 160 characters per second operation and compatible with standard parallel or serial communications. 
	.3 Supply one box of minimum 2000 sheets of printer paper and 2 printer ribbons or cartridges. 

	.4 BACnet: 
	.1 Workstation shall use Read (Initiate) and Write (Execute) Services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135, to communicate with BACnet objects in network. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.4 System Software:  
	.1 Operating System: 
	.1 Commercially available, concurrent multitasking. 
	.2 Support use of other common software applications that operate under DOS or Microsoft Windows. 
	.3 Acceptable operating systems are Windows 2000 or Windows XP. 

	.2 System Graphics: 
	.1 Operator workstation software shall be graphically oriented. 
	.2 System shall allow display of up to 10 graphic screens at once for comparison and monitoring of system status. 
	.3 Provide method for operator to easily move between graphic displays and change size and location of graphic displays on screen. 
	.4 Able to be modified while on line. 
	.5 Operator with proper password level shall be able to add, delete, or change dynamic points on graphic. 
	.6 Dynamic points shall include analog and binary values, dynamic text, static text, video and animation files. 
	.7 Ability to show animation of equipment.  

	.3 Custom Graphics: 
	.1 Created with use of commonly available graphics packages, such as PC Paint. 
	.2 Graphics generation package shall create and modify graphics that are saved in industry standard formats such as PCX, BMP, GIF, and JPEG. 
	.3 Graphics generation package shall also provide capability of capturing or converting graphics from other programs such as Designer, or AutoCAD.  

	.4 Graphics Library: 
	.1 Complete library of standard HVAC equipment such as chillers, boilers, air handlers, terminals, fan coils, and unit ventilators. 
	.2 Include standard symbols for other equipment including fans, pumps, coils, valves, piping, dampers, and ductwork. 
	.3 File format compatible with graphics generation package program.  

	.5 Engineering Units: 
	.1 Allow for selection of desired engineering units (i.e., SI) in system. 
	.2 Unit selection shall be able to be customized by locality to select desired units for each measurement. 
	.3 Engineering units on this project shall be SI. 


	.5 System Applications. Each workstation shall provide operator interface and offline storage of system information. Provide the following applications at each workstation:  
	.1 Automatic System Database Save and Restore: 
	.1 Store on hard disk copy of current database of each building controller. 
	.2 Database shall be updated whenever change is made in any panel in system. 
	.3 Storage of data shall be automatic and not require operator intervention. 
	.4 In the event of database loss in building management panel, first workstation to detect loss shall automatically restore database for that panel. 

	.2 Manual Database Save and Restore: 
	.1 System operator with proper password clearance shall be able to archive database from any system panel and store on magnetic media. 
	.2 Operator shall also be able to clear panel database and manually initiate download of specified database to any panel in system. 

	.3 System Configuration: 
	.1 Workstation software shall provide graphical method of configuring system. 
	.2 User with proper security shall be able to add new devices and assign modems to devices. 
	.3 This shall allow for future system changes or additions. 

	.4 Online Help: 
	.1 Context sensitive to assist operator in operation and editing of system. 
	.2 Available for all applications and shall provide relevant data for that particular screen. 
	.3 Additional help information shall be available through use of hypertext. 

	.5 Security: 
	.1 Each operator shall be required to log on to system with user name and password in order to view, edit, add, or delete data. System security shall be selectable for each operator. 
	.2 System supervisor shall have ability to set passwords and security levels for other operators. 
	.3 Each operator password shall be able to restrict operators’ access for viewing and/or changing each system application, full screen editor, and object. 
	.4 Each operator shall automatically be logged off system if no keyboard or mouse activity is detected. 
	.5 Auto logoff time shall be set per operator password. 
	.6 System security data shall be stored in encrypted format. 

	.6 System Diagnostics: 
	.1 System shall automatically monitor operation of workstations, printers, modems, network connections, building management panels, and controllers. 
	.2 Failure of any device shall be annunciated to operator. 

	.7 Alarm Processing: 
	.1 Any object in system shall be configurable to alarm in and out of normal state. 
	.2 Operator shall be able to configure alarm limits, warning limits, states, and reactions for each object in system. 
	.3 Alarm Reactions: 
	.1 Operator shall be able to determine what actions, if any, are to be taken, by object (or point), during alarm. 
	.2 Actions shall include logging, printing, starting programs, displaying messages, dialing out to remote stations, paging, providing audible annunciation, or displaying specific system graphics. 
	.3 Each of these actions shall be configurable by workstation and time of day. 
	.4 Object in alarm that has not been acknowledged within operator specified time period shall be rerouted to alternate operator specified alarm receipt device. 

	.4 Binary Alarms:  
	.1 Each binary object shall be set to alarm based on operator specified state. 
	.2 Capability to disable alarming when associated equipment is turned off or is being serviced. 

	.5 Analog Alarms: 
	.1 Each analog object shall have both high and low alarm limits and warning limits. 
	.2 Alarming must be able to be automatically and manually disabled. 


	.8 Trend Logs: 
	.1 Operator shall be able to define custom trend log for any data in system. 
	.2 This definition shall include interval, start time, and stop time. Trend intervals of 1, 5, 15, 30, and 60 minutes as well as once a shift (8 hours), once a day, once a week, and once a month shall be selectable. 
	.3 Trends shall start based on the hour. Each trend shall accommodate up to 64 system objects. 
	.4 System operator with proper password shall be able to determine how many samples are stored in each trend. 
	.5 Trend Data: 
	.1 Sampled and stored on building controller panel, and archived on hard disk. 
	.2 Able to be viewed and printed from operator interface software. 
	.3 Storable in tab delimited ASCII format for use by other industry standard word processing and spreadsheet packages. 


	.9 Alarm and Event Log: 
	.1 Operator shall be able to view logged system alarms and events from any location in system. 
	.2 Events shall be listed chronologically. 
	.3 Operator with proper security level may acknowledge and clear alarms. 
	.4 All that have not been cleared by operator shall be archived to hard disk on workstation. 

	.10 Object and Property Status and Control: 
	.1 Provide method for operator with proper password protection to view, and edit if applicable, status of any object and property in system. 
	.2 Statuses shall be available by menu, on graphics, or through custom programs. 

	.11 Clock Synchronization: 
	.1 Real time clocks in building control panels and workstations shall be synchronized on command of operator. 
	.2 System shall also be able to automatically synchronize system clocks daily from any operator designated device in system. 
	.3 System shall automatically adjust for daylight savings and standard time, if applicable. 

	.12 Reports and Logs: 
	.1 Reporting package shall allow operator to select, modify, or create reports. 
	.2 Each report shall be definable as to data content, format, interval, and date. 
	.3 Report data shall be archived on hard disk for historical reporting. 
	.4 Ability for operator to obtain real time logs of designated lists of objects. 
	.5 Reports and logs shall be stored on PC hard disk in format that is readily accessible by other standard software applications, including spreadsheets and word processing. 
	.6 Reports and logs shall be readily printed to system printer. 
	.7 Operator shall be able to designate reports that shall be printed or stored to disk at selectable intervals. 
	.8 Custom Reports: 
	.1 Capable for operator to easily define any system data into daily, weekly, monthly, or annual report. 
	.2 Time and date stamped, and shall contain report title and name of facility. 

	.9 Standard Reports: The following standard system reports shall be provided for this Project. Reports shall be readily customized to this Project by the City. 
	.1 Electrical Meter Report:  
	.1 Monthly report showing daily electrical consumption and peak electrical demand for each building meter. 
	.2 Annual (12 months) summary report showing monthly electrical consumption and peak demand for each meter. 




	.6 Workstation Applications Editor:  
	.1 General: 
	.1 Each PC workstation shall support full screen editing of system applications. 
	.2 Editor for each application at PC workstation. 
	.3 Applications shall be downloaded and executed at appropriate controller panels.  
	.4 Full screen editor for each type controller and application that shall allow operator with proper password to view and change configuration, name, control parameters, and system set points. 

	.2 Scheduling: 
	.1 Editor for scheduling application shall be provided at each workstation. 
	.2 Monthly calendar for each schedule. 
	.3 Exception schedules and holidays shall be shown clearly on calendar. 
	.4 Capable of allowing several related objects to follow a schedule. 
	.5 Advance and delay time for each object shall be adjustable from this master schedule. 
	.6 Operator with proper password level shall be able to modify schedule. 
	.7 Schedules shall be able to be easily copied between objects and/or dates. 

	.3 Equipment Coordination: 
	.1 Full screen editor shall allow equipment to be grouped for proper operation as specified in sequence of operations. 

	.4 Custom Application Programming: 
	.1 Provide tools to create, modify, and debug custom application programming. 
	.2 Operator shall be able to create, edit, and download custom programs at same time that other system applications are operating. 
	.3 System shall be fully operable while custom routines are edited, compiled, and downloaded. 
	.4 Programming language shall have the following features: 
	.1 English language oriented and based on syntax of programming languages such as BASIC. It shall allow for free form or fill in the blank programming. Alternatively, programming language can be graphically based using function blocks as long as blocks are available that directly provide functions listed below, and that custom or compound function blocks can be created. 
	.2 Full screen character editor/programming environment. Editor shall be cursor/mouse driven and allow user to insert, add, modify, and delete code from custom programming. It shall also incorporate word processing features such as cut/paste and find/replace. 
	.3 Allow independently executing program modules to be developed. Each module shall be able to independently enable and disable other modules. 
	.4 Editor/programming environment shall have debugging/simulation capability that allows user to step through program and to observe intermediate values and results. Debugger shall also provide error messages for syntax and execution errors. 
	.5 Support conditional statements (if/then/else/else-if) using compound Boolean (and, or, and not) and/or relations (equal, less than, greater than, not equal) comparisons. 
	.6 Support floating point arithmetic using the following operators: +, -, /, x, square root, and xy. 
	.7 The following mathematical functions shall also be provided: natural log, log, absolute value, and minimum/maximum value from a list of values. 
	.8 Predefined variables that represent clock time, day of week, and date. Variables that provide interval timing shall also be available. Language shall allow for computations using these values. 
	.9 Ability to predefined variables representing status and results of System Software, and shall be able to enable, disable, and change values of BACnet objects in system. 



	.7 Portable Operator’s Terminal: 
	.1 Provide one portable operator’s terminal capable of accessing system data. 
	.2 Ability to connect to any point on system network or directly to any controller for programming, set-up, and troubleshooting. 
	.3 BACnet: 
	.1 Shall use Read (Initiate) and Write (Execute) Services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135, to communicate with BACnet objects in network. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 

	.4 IBM compatible notebook style PC, including software and hardware required. PC shall contain at minimum: 
	.1 1.6 GHz Intel Pentium Processor. 
	.2 256 MB RAM. 
	.3 40 GB Hard Drive. 
	.4 88 mm, 1.44 MB, Floppy Disk Drive. 
	.5 40X CDROM Drive. 



	2.3 Networked DDC Controllers 
	.1 Controller Software: 
	.1 General: 
	.1 Provide applications software for building and energy management. 
	.2 Software applications shall reside and run in system controllers. 
	.3 Editing of applications shall occur at operator workstation. 

	.2 System Security:  
	.1 User access shall be secured using individual security passwords and user names. 
	.2 Passwords shall restrict user to only objects, applications, and system functions as assigned by system manager. 
	.3 User logon/logoff attempts shall be recorded. 
	.4 System shall protect itself from unauthorized use by automatically logging off following last keystroke. Delay time shall be user definable. 

	.3 Scheduling: 
	.1 General: 
	.1 Provide capability to schedule each object or group of objects in system. 
	.2 Each schedule shall include capability for start, stop, optimal start, optimal stop, and night economizer actions. 
	.3 Each schedule may consist of up to ten (10) events. 
	.4 When group of objects are scheduled together, provide capability to define advances and delays for each member. 

	.2 Weekly Schedule: Separate schedules for each day of the week. 
	.3 Exception Schedule:  
	.1 Ability for operator to designate any day of the year as an exception schedule. 
	.2 Shall override standard schedule for that day. 
	.3 May be defined up to a year in advance. 
	.4 Once executed, it will be discarded and replaced by standard schedule for that day of the week. 

	.4 Holiday Schedule:  
	.1 Capability for operator to define up to 99 special or holiday schedules. 
	.2 May be placed on scheduling calendar and repeated each year. 
	.3 Operator shall be able to define length of each holiday period.  

	.5 Optimal Start/Stop: 
	.1 Calculate thermal characteristics of zone and start equipment prior to occupancy to achieve desired space temperature at specified occupancy time. 
	.2 Algorithm shall calculate separate sets of heating and cooling rates for zones that have been unoccupied for less than and greater than twenty four (24) hours. 
	.3 Ability to modify start/stop algorithm based on outdoor air temperature. 
	.4 Early start limit in minutes to prevent system from starting before operator determined time limit.  


	.4 Alarm Reporting: 
	.1 Operator shall be able to determine action to be taken in event of alarm. 
	.2 Alarms shall be routed to appropriate workstations based on time and other conditions. 
	.3 Alarm shall be able to start programs, be logged in event log, printed, display custom messages or graphics. 

	.5 Remote Communications: 
	.1 Ability to dial out in event of alarm. 
	.2 Receivers shall include PC Workstations and alpha numeric pagers. 
	.3 Alarm message shall include name of calling location, device that generated alarm, and alarm message itself. 
	.4 Operator shall be ably to remotely access and operate system using dial up communications in same format and method used on site under paragraph, Operator Interface. 

	.6 Maintenance Management: System shall monitor equipment status and generate maintenance messages based upon user designated run time, starts, and/or calendar date limits. 
	.7 PID Control:  
	.1 Algorithm with direct or reverse action, and anti wind up. 
	.2 Algorithm shall calculate time varying analog value used to position output or stage series of outputs. 
	.3 Controlled variable, set point, and PID gains shall be user selectable. 
	.4 Set point shall optionally be chosen to be reset schedule. 

	.8 Staggered Start: Shall prevent controlled equipment from simultaneously restarting after power outage. Order that equipment (or groups of equipment) is started, along with time delay between starts shall be user selectable. 
	.9 System Calculations: 
	.1 Software to allow instantaneous power (e.g. kW), flow rates in L/s to be accumulated and converted to energy usage data. 
	.2 Algorithm shall calculate the following: 
	.1 Sliding window kW demand value. 
	.2 Energy usage and weather data (heating and cooling degree days). 
	.3 Items shall all be available for daily, previous day, monthly and previous month. 


	.10 Anti Short Cycling: Binary output points shall be protected from short cycling. This feature shall allow minimum on time and off time to be selected.  

	.2 Building Controllers: 
	.1 General: 
	.1 Performance: 
	.1 Provide adequate number of Building Controllers to provide performance specified in Article System Performance and as indicated on Drawings. 
	.2 Manage global strategies described in Article Controller Software. 
	.3 Microprocessor based, capable of stand alone operation, and shall continue to provide control functions without being connected to network. 

	.2 Sufficient memory to support its operating system, database, and programming requirements. 
	.3 Data shall be shared between networked Building Controllers. 
	.4 Operating system of Controller shall manage input and output communications signals to allow distributed controllers to share real and virtual point information and allow central monitoring and alarms. 
	.5 Controllers that perform scheduling shall have real time clock. 
	.6 Continually check status of its processor and memory circuits. If abnormal operation is detected, controller shall: 
	.1 Assume predetermined failure mode. 
	.2 Generate alarm notification. 

	.7 BACnet: 
	.1 Building Controller shall communicate with other BACnet objects on primary network using Read (Execute and Initiate) and Write (Execute and Initiate) Property services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.2 Communications. 
	.1 Each Building Controller shall reside on primary high speed peer to peer BACnet network using the ISO 8802 3 (Ethernet) or ARCNET Data Link/Physical layer protocol. 
	.2 Each Building Controller shall also perform BACnet routing if connected to secondary network of Custom Application and Application Specific Controllers. 
	.3 Building Controller shall provide service communications port for connection to Portable Operators Terminal using point to point BACnet physical/data link layer protocol. 

	.3 Environment: Controller hardware shall be suitable for anticipated ambient conditions. 
	.1 Controller used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosure and shall be rated for operation at minus 40 to 65°C. 
	.2 Controller used in conditioned ambient shall be mounted in dust proof enclosure and shall be rated for operation at 0 to 50°C. 

	.4 Keypad: 
	.1 Local keypad and display shall be provided for each controller. 
	.2 Provided for interrogating and editing data. 
	.3 Optional system security password shall be available to prevent unauthorized use of keypad and display. 
	.4 If the Manufacturer does not provide keypad display, provide portable operator terminal. 

	.5 Serviceability: Provide diagnostic LEDs for power, communications, and processor. Wiring connections shall be made to field removable, modular terminal strips or to termination card connected by ribbon cable. 
	.6 Memory: Building Controller shall maintain BIOS and programming information in event of power loss for at least seventy two (72) hours. 
	.7 Immunity to Power and Noise:  
	.1 Controller shall be able to operate at 90 to 110% of nominal voltage rating and shall perform orderly shutdown below 80% nominal voltage. 
	.2 Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 watts at 1 m (3 ft). 

	.8 Transformer: Power supply for Controller shall be rated at minimum of 125% of maximum power consumption, and shall be fused or current limiting type.  

	.3 Custom Application Controllers:  
	.1 General: 
	.1 Performance: 
	.1 Provide adequate number of Custom Application Controllers to provide performance specified in Article System Performance and as indicated on Drawings. 
	.2 Shall manage local strategies described in Article Controller Software. 
	.3 Microprocessor based, capable of standalone operation, and shall continue to provide control functions without being connected to network. 

	.2 Sufficient memory to support its operating system, database, and programming requirements. 
	.3 Data shall be shared between networked Controllers. 
	.4 Operating system of Controller shall manage input and output communications signals to allow distributed controllers to share real and virtual point information and allow central monitoring and alarms. 
	.5 Controllers that perform scheduling shall have real time clock. 
	.6 Continually check status of its processor and memory circuits. If abnormal operation is detected, Controller shall:  
	.1 Assume predetermined failure mode. 
	.2 Generate alarm notification.  

	.7 BACnet: 
	.1 Controller shall communicate with other BACnet objects on primary network using Read (Execute and Initiate) and Write (Execute and Initiate) Property services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.2 Communications: 
	.1 Each Controller shall reside on secondary BACnet network using MS/TP EIA 485, Data Link/Physical layer protocol. 
	.2 Controller shall provide service communications port for connection to Portable Operator’s Terminal using BACnet Data Link/Physical layer protocol. 

	.3 Environment: Controller hardware shall be suitable for anticipated ambient conditions. 
	.1 Controller used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosure and shall be rated for operation at minus 40 to 65°C. 
	.2 Controller used in conditioned ambient shall be mounted in dust proof enclosure and shall be rated for operation at 0 to 50°C. 

	.4 Keypad: 
	.1 Local keypad and display shall be provided for each controller. 
	.2 Provided for interrogating and editing data. 
	.3 Optional system security password shall be available to prevent unauthorized use of keypad and display. 
	.4 If the Manufacturer does not provide keypad display, provide portable operator terminal. 

	.5 Serviceability: Provide diagnostic LEDs for power, communications, and processor. Wiring connections shall be made to field removable, modular terminal strips or to termination card connected by ribbon cable. 
	.6 Memory: Controller shall maintain BIOS and programming information in event of power loss for at least 72 hours. 
	.7 Immunity to Power and Noise:  
	.1 Controller shall be able to operate at 90 to 110% of nominal voltage rating and shall perform orderly shutdown below 80% nominal voltage.  
	.2 Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 watts at 1 m. 

	.8 Transformer: Power supply for Controller shall be rated at minimum of 125% of maximum power consumption, and shall be fused or current limiting type.  

	.4 Application Specific Controllers: 
	.1 General:  
	.1 Performance: 
	.1 Provide number of Application Specific Controllers to provide performance specified in Article System Performance and as indicated on Drawings. 
	.2 Microprocessor based, capable of standalone operation and shall continue to provide control functions without being connected to network. 

	.2 Contain sufficient I/O capacity to control target system. 
	.3 BACnet: 
	.1 Controller shall communicate with other BACnet objects on primary network using Read (Execute and Initiate) and Write (Execute and Initiate) Property services as defined in Clauses 15.5 and 15.8, respectively, of ASHRAE 135. 
	.2 Objects supported shall include: Analog input, analog output, analog value, binary input, binary output, binary value, and device. 


	.2 Communications. 
	.1 Each Controller shall reside on secondary BACnet network using MS/TP EIA 485, Data Link/Physical layer protocol. 
	.2 Controller shall provide service communications port for connection to Portable Operators Terminal using BACnet Data Link/Physical layer protocol. Connection shall be extended to space temperature sensor where shown. 
	.3 Environment: Controller hardware shall be suitable for anticipated ambient conditions. 
	.4 Controller used outdoors and/or in wet ambient conditions shall be mounted within waterproof enclosure and shall be rated for operation at minus 40 to 65°C. 
	.5 Controller used in conditioned ambient shall be mounted in dust proof enclosure and shall be rated for operation at 0 to 50°C. 

	.3 Serviceability: Provide diagnostic LEDs for power, communications, and processor. Wiring connections shall be made to field removable, modular terminal strips or to termination card connected by ribbon cable. 
	.4 Memory: Controller shall use nonvolatile memory and maintain BIOS and programming information in event of power loss. 
	.5 Immunity to Power and Noise:  
	.1 Controller shall be able to operate at 90 to 110% of nominal voltage rating and shall perform orderly shutdown below 80% nominal voltage.  
	.2 Operation shall be protected against electrical noise of 5 to 120 Hz and from keyed radios up to 5 watts at 1 m. 

	.6 Transformer: Power supply for Controller shall be rated at minimum of 125% of maximum power consumption and shall be fused or current limiting type. 

	.5 Controller I/O Interface: 
	.1 Hard wired I/O may tie into system through Building, Custom, or Application Specific Controllers. 
	.2 Protected such that shorting of point to itself, another point, or ground will cause no damage to Controller. 
	.3 Protected from voltage up to 24 V of any duration, such that contact with this voltage will cause no damage to Controller. 
	.4 Binary Inputs: 
	.1 Shall allow monitoring of on/off signals from remote devices. 
	.2 Shall provide wetting current of at least 12 mA to be compatible with commonly available control devices. 

	.5 Pulse Accumulation Input Points: Conform to requirements of Binary Input points and accept up to 2 pulses/second for pulse accumulation, and shall be protected against effects of contact bounce and noise. 
	.6 Analog Inputs: 
	.1 Allow monitoring of low voltage (0 to 10 VDC), current (4 to 20 mA), or resistance signals (thermistor, RTD).  
	.2 Compatible with and field configurable to commonly available sensing devices. 

	.7 Binary Outputs: 
	.1 Provide for on/off operation or pulsed low voltage signal for pulse width modulation control. 
	.2 Binary outputs on custom and building controllers shall have three position (on/off/auto) override switches and status lights. 
	.3 Selectable for either normally open or normally closed operation. 

	.8 Analog Outputs: 
	.1 Shall provide a modulating signal for control of end devices. 
	.2 Shall provide either 0 10 VDC or 4 to 20 mA signal as required to provide proper control of output device. 
	.3 Building or custom programmable controllers shall have status lights and two position (auto/manual) switch and manually adjustable potentiometer for manual override. 




	3. EXECUTION 
	3.1 General 
	.1 Refer to Section 15900 – HVAC Instrumentation and Controls - General for requirements. 
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	1. GENERAL 
	.1 The control sequences contain a general description of the intent of the operation of the systems to be controlled.  The Contractor shall review individual systems to ensure equipment and life safety interlocks are not overridden. 
	.2 The relationships between the points, systems and building are described in the control sequences. 
	.3 Review with the Contract Administrator during the Shop Drawing stage to finalise the control sequences for each system. 
	.4 This Section applies only to the Clearwell Inlet Building air-handling unit. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	.1 Provide data base for all hardware points listed for system operation to meet Specification operating sequences. 

	CONTROL SEQUENCES 
	4.1 Air Handling Units (AHU-H242A) 
	.1 The AHU is a constant volume unit running continuously. 
	.2 System Start/Stop 
	.1 The air handling unit will normally be energized and de-energized via a stand-alone control unit.  The fan shall stop if the freeze-stat indicates a low temperature condition in the AHU. 

	.3 Minimum Outdoor Damper Position 
	The minimum outdoor damper position shall be fixed at 10% and shall modulate open in response to mixed air temperature.   
	.2 Upon supply fan being energized, the outdoor air damper opens to minimum position.  A separate analogue output is provided from stand-alone control unit to set the position of the minimum outdoor air damper. 

	.4 Mix Air Control: 
	.1 Mix air dampers position shall be modulated to maintain mix air temperature at setpoint during free-cooling mode. 
	.2 Mix air dampers shall revert to a minimum outside air position (10%) and maximum return air positon (90%) as calculated via the stand-alone control unit during all other modes. 

	.5 Freeze-Stats 
	.1 Provide averaging type freeze-stat in each AHU at location indicated.  Upon sensing a low temperature, the supply fan shall stop, and all outdoor and exhaust air dampers shall close.  The freeze stat must be reset manually. 
	.2 During a cold start-up of the AHU the freeze-stat shall be bypassed for three (3) minutes to allow the AHU to warm-up. 

	.6 Heating Mode: When the space temperature drops below setpoint 16°C (61°F) the stand-alone control unit shall energize and modulate, via the SCR, the air handling unit electric heating coil.  When the space temperature is satisfied the stand-alone control unit shall de energize the air handling unit electric heating coil. 
	.7 Free-cooling Mode: When the outside air temperature permits the air handling unit shall operate on free-cooling mode.  The stand-alone control unit shall modulate the outside air and return air damper to maintain a discharge temperature of 13°C (55°F).  Free-cooling shall not be energized until the space temperature reaches 22°C (72°F). 
	.8 Summer/Winter Change Over: 
	.1 Summer/winter changeover shall be implemented by the AHU stand-alone control unit. 
	.2 When the outside air temperature is above 13°C (55°F) the system shall be in summer mode. 
	.3 When the outside air temperature is below 10°C (50°F) the system shall be in winter mode. 

	.9 Infrared Radiant Heater Control: 
	.1 The stand-alone control unit shall turn on the two Infrared Radiant Heaters IRH-1 and IRH-2, when the outdoor air temperature is between -5°C and 5°C. 
	.2 The Infrared Radiant Heaters shall be off at all other temperatures. 
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	1. GENERAL 
	1.1 Related Documents 
	.1 All Division 15 Specification Sections, Drawings, and General Provisions of the Contract apply to Work of this Section, as do other documents referred to in this Section. 

	1.2 Scope of Work 
	.1 The Contractor will contract with and independent testing, adjusting, and balancing (TAB) Subcontractor to test, adjust, and balance the HVAC systems. 
	.2 The Work included in this Section consists of furnishing labour, instruments, and tools required in testing, adjusting and balancing the HVAC systems, as described in these specifications or shown on accompanying Drawings. Services shall include checking equipment performance, taking the specified measurements, and recording and reporting the results. 
	.3 The items requiring testing, adjusting, and balancing include the following: 
	.1 Air Systems: 
	.1 Supply Fan AHUs 
	.2 Exhaust Fans 
	.3 Diffusers, Registers and Grilles 



	1.3 Definitions, References, Standards 
	.1 AABC: the Associated Air Balance Council is a non-profit association of independent, certified agencies specializing in testing, adjusting, and balancing HVAC systems.  The AABC National Standards, provides standards and operational criteria for HVAC systems. 
	.2 All Work shall be in accordance with the latest edition of the AABC National Standards.  If these contract documents set forth more stringent requirements than the AABC National Standards, these contract documents shall prevail. 

	1.4 Qualifications 
	.1 Agency Qualifications: the TAB Agency shall be a current member of the AABC. 

	1.5 Submittals 
	.1 Qualifications: the TAB agency shall submit a company resume listing personnel and project experience in air and hydronic system balancing and a copy of the agency's test and balance engineer certificate. 
	.2 Procedures and Agenda: the TAB agency shall submit the TAB procedures and agenda proposed to be used. 
	.3 Sample Forms: the TAB agency shall submit sample forms, which shall include the minimum data required by the AABC National Standards. 

	1.6 Testing Adjusting and Balancing Preparation and Coordination 
	.1 Shop Drawings, submittal data, up-to-date revisions, change orders, and other data required for planning, preparation, and execution of the TAB work shall be provided to the TAB agency no later than thirty (30) days prior to the start of TAB work. 
	.2 System installation and equipment start up shall be complete prior to the TAB agency's being notified to begin. 
	.3 The building control system shall be complete and operational.  The Contractor shall install all necessary computers and computer programs, and make these operational.  Assistance shall be provided as required for reprogramming, coordination, and problem resolution. 
	.4 All test points, balancing devices, identification tags, etc., shall be accessible and clear of insulation and other obstructions that would impede TAB procedures. 
	.5 Qualified installation or start up personnel shall be readily available for the operation and adjustment of the systems.  Assistance shall be provided as required for coordination and problem resolution. 

	1.7 Reports 
	.1 Final TAB Report: the TAB agency shall submit the final TAB report for review by the Contract Administrator.  All outlets, devices, HVAC equipment, etc., shall be identified, along with a numbering system corresponding to report unit identification. The TAB agency shall submit an AABC "National Project Performance Guaranty" assuring that the project systems were tested, adjusted and balanced in accordance with the project specifications and AABC National Standards. 
	.2 Submit six (6) copies of the Final TAB Report. 

	1.8 Deficiencies 
	.1 Any deficiencies in the installation or performance of a system or component observed by the TAB agency shall be brought to the attention of the appropriate responsible person. 
	.2 The Work necessary to correct items on the deficiency listing shall be performed and verified by the Contractor before the TAB agency returns to retest.  Unresolved deficiencies shall be noted in the final report. 

	2. INSTRUMENTATION 
	.1 All instruments used for measurements shall be accurate and calibrated.  Calibration and maintenance of all instruments shall be in accordance with the requirements of AABC National Standards. 

	3. EXECUTION 
	3.1 General 
	.1 The specified systems shall be reviewed and inspected for conformance to design documents.  Testing, adjusting and balancing on each identified system shall be performed. The accuracy of measurements shall be in accordance with AABC National Standards. 
	.2 Adjustment tolerances shall be plus or minus 10% unless otherwise stated. 
	.3 Equipment settings, including manual damper quadrant positions, manual valve indicators, fan speed control levers, and similar controls and devices shall be marked to show final settings. 
	.4 All information necessary to complete a proper TAB project and report shall be per AABC standards unless otherwise noted.  The descriptions for Work required, as listed in this Section, are a guide to the minimum information needed. 

	3.2 Air Systems 
	.1 The TAB agency shall verify that all ductwork, dampers, grilles, registers, and diffusers have been installed per design and set in the full open position.  The TAB agency shall perform the following: 
	.1 TAB procedures in accordance with the AABC National Standards: 
	.1 For supply fans: 
	.1 Fan speeds: test and adjust fan rpm to achieve maximum or design air flow rate. 
	.2 Current and voltage: test and record motor voltage and amperage, and compare data with the nameplate limits to ensure fan motor is not in or above the service factor. 
	.3 Pitot-tube traverse: perform a pitot-tube traverse of main supply and return ducts, as applicable to obtain total air flow rate. 
	.4 Outside air: test and adjust the outside air on applicable equipment using a pitot-tube traverse. 
	.5 If a traverse is not practical use the mixed-air temperature method if the inside and outside temperature difference is at least 11(C (20(F) or use the difference between pitot-tube traverses of the supply and return air ducts. 
	.6 Static pressure: test and record system static profile of each supply fan. 

	.2 For exhaust fans: 
	.1 Fan speeds: test and adjust fan rpm to achieve maximum or design air flow rate. 
	.2 Current and voltage: test and record motor voltage and amperage, and compare data with the nameplate limits to ensure motor is not in or above the service factor. 
	.3 Pitot-tube traverse: perform a pitot-tube traverse of main exhaust ducts to obtain total air flow rate. 
	.4 Static pressure: test and record system static profile of each exhaust fan. 

	.3 For zone, branch and main ducts: 
	.1 Adjust ducts to within design air flow rate requirements. As applicable, at least one zone balancing damper shall be completely open. Multi-diffuser branch ducts shall have at least one outlet or inlet volume damper completely open. 

	.4 For diffusers, registers and grilles: 
	.1 Tolerances: test, adjust, and balance each diffuser, grille, and register to within 10% of design requirements.  Minimize drafts. 
	.2 Identification: identify the type, location, and size of each grille, diffuser, and register.  This information shall be recorded on air outlet data sheets. 

	.5 For coils: 
	.1 Air temperature: once air flows are set to acceptable limits, take wet bulb and dry bulb air temperatures on the entering and leaving side of each cooling coil.  Dry-bulb temperature shall be taken on the entering and leaving side of each heating coil. 




	3.3 Additional TAB Services 
	.1 Preconstruction Plan Check and Review: 
	.1 The TAB agency shall review the project documents and contractor submittals for their effect on the TAB process and overall performance of the HVAC system.  It shall submit recommendations for enhancements or changes to the system within thirty (30) days of document review. 

	.2 Jobsite Inspections: 
	.1 During construction, the TAB agency shall inspect the installation of pipe systems, sheet metal work, temperature controls, and other component parts of the HVAC systems.  Inspections shall be conducted a minimum of two times.  (Typically, these are performed when 60% of the total system is installed and again when 90% of the total system is installed, prior to insulation of the duct and piping).  The TAB agency shall submit a written report of each inspection. 

	.3 Verification of HVAC Controls: 
	.1 The TAB agency shall be assisted by the building control systems contractor in verifying the operation and calibration of all HVAC and temperature control systems. The following tests shall be conducted: 
	.1 Verify that all control components are installed in accordance with project requirements and are functional, including all electrical interlocks, damper sequences, air and water resets, fire and freeze stats, and other safety devices. 
	.2 Verify that all controlling instruments are calibrated and set for design operating conditions. 


	.4 Temperature Testing: 
	.1 To verify system control and operation, a series of three temperature tests shall be taken at approximately two (2) hour intervals in each separately controlled zone.  The resulting temperatures shall not vary more than 1(C (2(F) from the thermostat or control set point during the tests.  Outside temperature and humidity shall also be recorded during the testing periods. 

	.5 TAB Report Verification: 
	.1 At the time of final review, the TAB agency may be required to recheck, in the presence of the Contract Administrator, specific or random selections of data recorded in the certified report.  Points and areas for recheck shall be selected by the Contract Administrator.  Measurements and test procedures shall be the same as approved for the initial work for the certified report.  Selections for recheck, specific plus random, will not exceed 10% of the total number tabulated in the report. 

	.6 Building/Zone Pressurization: 
	.1 The TAB agency shall test and adjust building/zone pressurization by setting the design flows to meet the required flow direction and pressure differential.  For positive pressure areas, it shall set the supply air to design flow, and gradually reduce the exhaust air rate to obtain the required flow or pressure difference.  For negative pressure areas, it shall set the supply air to design flow, and gradually increase the exhaust air rate to obtain the required flow or pressure difference. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Complete and operational electrical system as required by the Drawings and as herein specified. 

	1.2 Related Work 
	.1 General Requirements: Division 1 
	.2 Site Work: Division 2 
	.3 Concrete: Division 3 
	.4 Mechanical: Division 15 

	1.3 Drawings and Specifications 
	.1 Symbols used to represent various electrical devices often occupy more space on the Drawing than the actual device does when installed.  In such instances, do not scale locations of devices from electrical symbols.  Install these devices with primary regard for usage of wall space, convenience of operation and grouping of devices. 

	1.4 Quality Assurances 
	.1 Codes, Rules, Permits, & Fees 
	.1 Comply with all rules of the Canadian Electrical Code, CSA Standard C22.1 and the applicable building codes.  Do Overhead Lines in accordance with CAN/CSA-C22.3 No. 1 and Underground Systems in accordance with CAN/CSA-C22.3 No. 7 except where specified otherwise. 
	.2 Quality of Work specified and/or shown on the Drawings shall not be reduced by the foregoing requirements. 
	.3 Prior to installation, verify location, arrangement and point of attachment for service and service entrance equipment with supply authority and inspection departments.   
	.4 Furnish a Certificate of Final Inspection and approvals from inspection authority to the Contract Administrator. 

	.2 Standard of Workmanship: 
	.1 Arrange and install products to fit properly into designated building spaces. 
	.2 Unless otherwise specified or shown, install products in accordance with recommendations and ratings of manufacturers. 


	1.5 Submittals 
	.1 Within thirty (30) Calendar Days of award of Contract, the Contractor shall submit a completed equipment procurement schedule which lists the manufacturer and model of equipment, indicating the projected ordering, shop drawing submittal date and delivery dates of all products to meet the Contract Work Schedule. 
	.2 Submit samples as required where specified in Division 16. 
	.3 Prior to delivery of any products to Jobsite and sufficiently in advance of requirements to allow ample time for checking, submit shop drawings for review as specified in Division 1.  Submit Shop Drawings for all equipment as required in each section of this Specification. 
	.4 Prior to submitting the Shop Drawings to the Contract Administrator, the Contractor shall review the Shop Drawings to determine that the equipment complies with the requirements of the Specifications and Drawings. 
	.5 Indicate materials, methods of construction and attachment of support wiring, diagrams, connections, recommended installation details, explanatory notes and other information necessary for completion of Work.  Where equipment is connected to other equipment, indicate that such items have been coordinated, regardless of the section under which the adjacent items will be supplied and installed.  Indicate cross references to design drawings and specifications. 
	Adjustments made on Shop Drawings by the Contract Administrator are not intended to change the contract price.  If adjustments affect the value of the Work state such in writing to the Contract Administrator prior to proceeding with the Work. 
	.6 Manufacture of products shall conform to revised Shop Drawings. 
	.7 Keep one (1) complete set of Shop Drawings at  Site during construction. 

	1.6 Product Handling 
	.1 Use all means necessary to protect the products of this Division before, during and after installation and to protect products and installed Work of all other trades. 
	.2 Immediately make good any damage by repair or replacement at no additional cost to the City and to the approval of the Contract Administrator. 
	.3 Remove advertising labels from all electrical equipment.  Do not remove identification of certification labels. 
	.4 Remove dirt, rubbish, grease, etc. resulting from this work from all surfaces, including the inside of all cabinets, equipment enclosures, panelboard tubs, etc. 

	2. PRODUCTS 
	2.1 Quality of Products 
	.1 All products provided shall be CSA Approved, UL approved where applicable, and new, unless otherwise specified. 
	.2 If products specified are not CSA approved, obtain special approval from the local regulatory authority.  Pay all applicable charges levied and make all modifications required for approval. 
	.3 Products provided, if not specified, shall be new, of a quality best suited to the purpose required and their use subject to approval by the Contract Administrator. 

	2.2 Uniformity of Manufacture 
	.1 Unless otherwise specifically called for in the Specifications, uniformity of manufacture shall be maintained for similar products throughout the work. 

	2.3 Product Finishes 
	.1 Finish all cabinets, panelboards, switchboards, equipment cabinets, cable trays, etc. in ANSI 61 grey enamel unless otherwise specified. 
	.2 Apply primer on all items which are to be finished as part of the Work. 
	.3 Touch up all damaged painted finishes with matching lacquer, or, if required by the Contract Administrator, completely repaint damaged surface. 

	2.4 Non-Specific Date/Time Compliance 
	.1 All equipment, hardware, software and firmware (for the purposes of this clause, the "Product") delivered or deliverables resulting from any services provided are fully Date Compliant and the Product will not adversely or materially affect the daily business operations as a result of a date related computer problem (for the purposes of this clause, the "Warranty").  Date Compliant means that the product accurately and correctly processes and stores date/time data (including, but not limited to, calculating, comparing, displaying, recording and sequencing operations) including year, century and leap year calculations. 
	.2 Provide documentary proof of Date Compliance prior to Total Performance listing all equipment and certifying their compliance. 
	.3 Notwithstanding any other remedy available under this agreement or at law for breach of the Warranty, any product that is not Date Compliant shall, within twenty four (24) hours of receipt of notice of the breach, be repaired or replaced at the Contractor’s sole cost and expense, including parts, labour, transportation and insurance, so as to correct any failure to meet the Warranty. 


	3. EXECUTION 
	3.1 Coordination with Other Divisions 
	.1 Examine the Drawings and Specifications of all Divisions and become fully familiar with their Work.  Before commencing Work, obtain a ruling from the Contract Administrator if any conflict exists, otherwise no additional compensation will be made for any necessary adjustments. 
	.2 Lay out the work and equipment with due regard to architectural, structural, and mechanical features.  Architectural and Structural Drawings take precedence over Electrical Drawings regarding locations of walls, doors and equipment. 
	.3 Do not cut structural members without approval of the Contract Administrator. 
	.4 Coordinate with all Division installing equipment and services, and ensure that there are no conflicts. 
	.5 Install anchors, bolts, pipe sleeves, hanger inserts, etc. in ample time to prevent delays. 
	.6 Examine previously constructed work and notify the Contract Administrator of any conditions which prejudice the proper completion of this work.  Commencement of this work without such notification shall constitute acceptance of other Work. 

	3.2 Location of Outlets and Luminaires 
	.1 Electrical Drawings are, unless otherwise indicated, drawn to scale and approximate distances and dimensions may be obtained by scaling.  Figured dimensions shall govern over scaled dimensions.  Where exact dimensions and details are required, refer to Architectural and Structural Drawings. 
	.2 Outlet and equipment locations shown on the drawings are approximate.  Locations may be revised up to 3 m to suit construction and equipment arrangements without additional cost to the City, provided that the Contractor is notified prior to the installation of the outlets, or equipment. 
	.3 Maintain luminaire locations wherever possible.  Notify the Contract Administrator of conflicts with other services. 
	.4 Unless otherwise specified or shown, install products in accordance with recommendations and ratings of manufacturers. 

	3.3 Separation of Services 
	.1 Maintain separation between electrical wiring system and building piping, ductwork, etc. so that wiring system is isolated (except at approved connections to such systems) to prevent galvanic corrosion. 
	.2 In particular, contact between dissimilar metals, such as copper and aluminum, in damp or wet locations is not permitted. 
	.3 Do not support wiring from pipes, ductwork, etc.  Hangers for suspended ceilings may be used for the support of wiring only when approval is obtained from the Contract Administrator and the ceiling installer, and approved clips or hangers are used. 

	3.4 Equipment Identification 
	.1 3 mm thick plastic lamicoid name plates, black face, white core, mechanically attached with self tapping screws, 6 mm high lettering, to be attached to the front face of the following equipment:
	NAMEPLATE SIZES
	Size 1
	10 x 50 mm
	1 line
	3 mm high letters
	Size 2
	12 x 70 mm
	1 line
	5 mm high letters
	Size 3
	12 x 70 mm
	2 lines
	3 mm high letters
	Size 4
	20 x 90 mm
	1 line
	8 mm high letters
	Size 5
	20 x 90 mm
	2 lines
	5 mm high letters
	Size 6
	25 x 100 mm
	1 line
	12 mm high letters
	Size 7
	25 x 100 mm
	2 lines
	6 mm high letters
	.1 Distribution Centres (Indicate designation, bus capacity, voltage) 
	.2 MCC’s (Designation, voltage) 
	.3 Starters, contactors, Disconnects (Designation, voltage, load controlled) 
	.4 Panelboard (Designation, voltage, Bus Capacity) 
	.5 Automatic transfer switch (designation, voltage, rating) 
	.6 Terminal cabinets and pull boxes (system, voltage) 
	.7 Transformers (designation, capacity, primary, and secondary voltage) 

	.2 Colour code exposed conduits (including conduits above T-bar ceilings), junction and pull boxes, and metallic sheathed cables with paint or plastic tape (25 mm wide band) at 15 m intervals.  Colour coding to be as follows:
	.3 Provide neatly typed circuit directories in panelboards to indicate the area or equipment controlled by each branch circuit. 
	.4 All conductors shall be identifiable by coloured insulation and permanent markers at every terminal and accessible points throughout its entire run. 
	Conductors: 
	Equipment Grounding – Green 
	Neutral Conductor – White 

	.5 Install yellow plastic warning tape, 300 mm below grade, above all underground ducts. 

	3.5 Wiring to Equipment Supplied by Others 
	.1 Electrical connection to City Supplied Equipment or equipment supplied by other Divisions equipment shall be done by this Division. 

	3.6 Testing 
	.1 Refer to Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 

	3.7 Instructions to City’s Personnel 
	.1 Refer to Section 16990 – Electrical Equipment and Systems Demonstration and Instruction. 

	3.8 Access Panels 
	.1 Where electrical equipment, junction boxes, remote ballasts or the like are concealed, access panels shall be supplied.  Panels shall be of adequate size for servicing of the electrical work and complete with necessary frames and hinged doors held closed with captive fasteners.  Coordinate type and size of panels with the Contract Administrator. 
	.2 In removable ceiling areas, provide markers on ceiling tile to locate equipment requiring access.  Markers shall be of a type approved by the Contract Administrator. 

	3.9 Mounting Heights 
	.1 Unless a conflict exists, use the following as mounting heights from finished floors to centre of device. 

	3.10 Sealing of Wall and Floor Openings 
	.1 All conduit and cable entries through outside walls of buildings, through partition walls separating electrical rooms from other areas, through fire separations, and through floors above grade shall be sealed to prevent passage of moisture, dust, gasses, flame, or to maintain pressurization. 
	.2 Openings shall be sealed when all wiring entries shown on the Drawings have been completed. 
	.3 Sealing material shall be fire resistant and shall not contain any compounds which will chemically affect the wiring jacket or insulating material.  Cable penetrations through fire separations to be sealed. 

	3.11 Housekeeping Pads 
	.1 All floor mounted electrical equipment installed by this Division shall be mounted on concrete housekeeping pads which, unless otherwise noted, shall be the responsibility of the Contractor. 

	3.12 Sleeves 
	.1 Provide sleeves of galvanized steel pipe with machine cut ends of ample size to accommodate conduits passing through walls, partitions, ceilings, floors, etc. 
	.2 For wall, partitions and ceilings the ends shall be flush with the finish on both sides but for floors they shall extend 4" above finished floor level. 
	.3 The space between the sleeve and the conduit shall be filled with Dow Corning silicone RTV foam for fire stop and caulked around the top and bottom with approved permanently resilient, non-flammable and weatherproof silicone base compound and ensure that the seal is compatible with the floor and ceiling finishes. 
	.4 Locate and position sleeves exactly prior to construction of walls, floors. 
	.5 Failure to comply with the above requirements shall be remedied at this Division's expense. 

	3.13 Temporary Lighting and Power 
	.1 Provide grounded extension cords and temporary lights required for electrical work. 
	.2 Provide temporary power service as specified in E3. 
	.3 If City’s operations will be affected by any power outage required for this work, give adequate notice to the City and do not interrupt power until approval has been obtained. 
	.4 Give adequate notice to Contractor of any power outage required for this work.  Schedule outages to provide least interference with other Work. 

	3.14 Insulation Resistance Testing 
	.1 Megger circuits, feeders and equipment up to 350 V with a 500 V instrument. 
	.2 Megger 350-600 V circuits, feeders and equipment with a 1000 V instrument. 
	.3 Check resistance to ground before energizing. 
	.4 Carry out tests in presence of Contract Administrator. 
	.5 Provide instruments, meters, equipment and personnel required to conduct tests during and at conclusion of project. 
	.6 Submit test results for Contract Administrator’s review. 

	3.15 Load Balance 
	.1 Measure phase current to panelboards with normal loads (lighting) operating at time of acceptance.  Adjust branch circuit connections as required to obtain best balance of current between phases and record changes (maximum deviation of 15%). 
	.2 Measure phase voltages at loads and adjust transformer taps to within 2% of rated voltage of equipment. 
	.3 Submit, by date of Substantial Performance, report listing phase and neutral currents on panelboards, dry core transformers, and MCC’s, operating under normal load.  State hour and date at which each load was measured, and voltage at time of test. 
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	1. GENERAL 
	.1 Supply and Install all material, equipment, wiring and labour necessary for the installation of the systems detailed on the Drawings and included in the Specifications in accordance with the latest edition of the Canadian Electrical Code. 
	2. WORK INCLUDED 
	2.1 General Requirements 
	.1 General Clean-up. 
	.2 All inspection and other permits, licenses required by various Inspection Agencies and local regulations related to Electrical Trade. 
	.3 The two 66 kV transformers may be energized at separately.  Allow for two (2) transformer start-ups. 
	.4 Special testing or inspection, additional to the above as required. 
	.5 Scaffolding. 
	.6 Shop Drawings. 
	.7 Project Record Documents (As-Built Drawings) where specified. 
	.8 O&M Data, where specified. 

	2.2 Specific Requirements  
	.1 Installation of standby generators and switchgear supplied as City Supplied Equipment. 
	.2 Concrete duct banks and cabling as indicated on the Drawings. 
	.3 Supply and installation of primary cabling and ground grid for 4160/600 V Main WTP transformers.  Primary cable termination by others. 
	.4 Supply and installation of 600 V, 120/208 V power distribution including transformers panelboards, breakers, grounding and lighting in Electrical building. 
	.5 Supply and installation of 600 V, 120/208 V power distribution including transformers panelboards, breakers, grounding and lighting in Clearwell Inlet building. 
	.6 Supply and installation of 600 V, 120/240 V power distribution including transformers panelboards, breakers, grounding and lighting in two (2) valve chamber buildings. 
	.7 Provide all lighting, lighting controls and general power as specified herein and indicated on the Drawings. 
	.8 Provide electrical services to the mechanical equipment as specified in Divisions 15 and 16 and as indicated on Drawings. 
	.9 Provide all cabling required to make a complete and operational facility. 
	.10 Provide complete Fire Alarm Systems for the Generator/Electrical building and Clearwell Inlet building as specified herein and indicated on the Drawings.  Systems shall be interconnected by fiber optic cables and shall provide communication to WTP system. 
	.11 Provide a conduit stubouts at door frames for future door alarm contacts. 
	Cables and bus support systems which are intended to enclose or support all forms of electrical conductors used for any purpose covered by this scope.  This includes cable trays, raceways and all forms of rigid, flexible, metallic and non-metallic conduit, and including conduit for communication systems or others, which may be installed at a later date, or buried conduit for wiring work by others, only when such buried conduit is indicated in the Contract Documents. 
	.13 Control panels associated with any electrical equipment covered under this Section of Work. 
	.14 Grounding systems, as required by the Manitoba Electrical Code, or as otherwise specified. 
	.15 Motor starters of all types and for all types of applications, including combination starters, multi-speed, sequential, reversing operations, etc., unless part of Mechanical Equipment. 
	.16 Transformers of various types, dry, liquid filled, encapsulated etc., and for all applications, except control transformers supplied with Mechanical Equipment included in Division 15. 
	.17 Generators, 5 kV Switchgear and associated equipment will be supplied by the City.  The Contractor shall install the generator/switchgear and associated equipment according to the installation instructions and guidelines as provided by the generator/switchgear manufacturer.  Shop Drawings for the generator/switchgear and associated equipment supplied by the City are available as specified in D2 
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	GENERAL 
	1.1 Related Work 
	.1 Division 3, Concrete 

	2. PRODUCTS 
	2.1 Cable Protection 
	.1 Concrete encased duct bank. 

	Markers 
	.1 Concrete type cable markers:  600 x 600 x 100 mm with words:  “cable”, “joint” or “conduit” impressed in top surface, with arrows to indicate change in direction of cable and duct runs. 


	3. EXECUTION 
	3.1 Direct Burial of Cables 
	.1 After sand bed is in place, lay cables maintaining 75 mm clearance from each side of trench to nearest cable.  Do not pull cable into trench. 
	.2 Provide offsets for thermal action and minor earth movements.  Offset cables 150 mm for each 60 m run, maintaining minimum cable separation and bending radius requirements. 
	 Underground cable splices not acceptable. 
	.4 Minimum permitted radius at cable bends for rubber, plastic or lead covered cables, 8 times diameter of cable; for metallic armoured cables, 12 times diameter of cables or in accordance with manufacturer’s instructions. 
	.5 Maintain 75 mm minimum separation between cables of different circuits.  Maintain 300 mm horizontal separation between low and high voltage cables.  When low voltage cables cross high voltage cables maintain 300 mm vertical separation with low voltage cables in upper position.  At crossover, maintain 75 mm minimum vertical separation between low voltage cables and 150 mm between high voltage cables.  Maintain 300 mm minimum lateral and vertical separation for fire alarm and control, cables when crossing other cables, with fire alarm and control cables in upper position.  Install treated planks on lower cables 0.6 m in each direction at crossings. 
	.6 After sand protective cover is in place, install continuous row of concrete patio blocks as indicated to cover width and length of run. 

	3.2 Cable Installation in Ducts 
	.1 Install cables as indicated on Drawings in ducts. 
	.2 Do not pull spliced cables inside ducts. 
	.3 Install multiple cables in duct simultaneously. 
	.4 Use CSA approved lubricants of type compatible with cable jacket to reduce pulling tension. 
	.5 To facilitate matching of colour coded multiconductor control cables reel off in same direction during installation. 
	.6 Before pulling cable into ducts and until cables properly terminated, seal ends of lead covered cable with wiping solder; seal ends of non-leaded cables with moisture seal tape. 
	.7 After installation of cables, seal duct ends with duct sealing compound. 

	3.3 Markers 
	.1 Mark cable every 150 m along cable or duct runs and changes in direction. 
	.2 Where markers are removed to permit installation of additional cables, reinstall existing markers. 
	Lay concrete markers flat and centered over cable with top flush with finish grade. 

	3.4 Field Quality Control 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 
	.2 Perform tests using qualified personnel.  Provide necessary instruments and equipment. 
	.3 Check phase rotation and identify each phase conductor of each feeder. 
	.4 Check each feeder for continuity, short circuits and grounds.  Ensure resistance to ground of circuits is not less than 50 megohms. 
	.5 Pre-acceptance test. 
	.1 After installing cable but before splicing and terminating, perform insulation resistance test with 1000 V megger on each phase conductor. 
	.2 Check insulation resistance after each splice and/or termination to ensure that cable system is ready for acceptance testing. 

	.6 Acceptance Tests 
	.1 Ensure that terminations and accessory equipment are disconnected. 
	.2 Ground shields, ground wires, metallic armour and conductors not under test. 
	.3 High Potential (Hipot) Testing. 
	.1 Conduct hipot testing at 200% of original factory test voltage in accordance with manufacturer’s or IPCEA recommendations. 

	Leakage Current Testing. 
	.1 Raise voltage in steps from zero to maximum values as specified by IPCEA or manufacturer for type of cable being tested. 
	.2 Hold maximum voltage for specified time period by IPCEA or manufacturer. 
	.3 Record leakage current at each step. 

	.5 Provide Contract Administrator with list of test results showing location at which each test was made, circuit tested and result of each test. 
	.6 Remove and replace entire length of cable if cable fails to meet any of test criteria. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install a complete system of conduit and fittings for installation of wiring. 

	2. PRODUCTS 
	2.1 Rigid Steel Conduit 
	.1 Galvanized with threaded joints and connections. 
	.2 Connections in dry locations:  steel or malleable iron locknuts inside and outside enclosures.  Insulated bushings Thomas & Betts Series 222 or approved equal. 
	.3 Connectors subjected to moisture interior and exterior:  liquid and dust tight with insulated throat, Thomas & Betts "Bullet Hub" 370 Series or approved equal. 
	.4 Fittings:  cast metal "Condulet" as manufactured by Crouse Hinds Canada Ltd. including gasketted covers in damp locations. 
	.5 Expansion joints:  cast metal Crouse-Hinds type XJ or approved equal. 

	2.2 E.M.T. Conduit 
	.1 Fittings in dry locations:  Steel or zinc set screw connectors with insulated throat.  Steel or zinc set screw couplings. 
	.2 Fittings in wet locations:  steel rain-tite connectors with insulated throat.  Steel rain tite couplings. 

	2.3 Rigid PVC Conduit 
	.1 Conduit:  rigid non metallic conduit of unplasticized PVC as manufactured IPEX. "Sceptre" Schedule 40. 
	.2 Fittings:  threaded male or female solvent weld connectors and solvent weld couplings, as supplied by conduit manufacturer. 
	.3 Solvent:  as recommended by conduit manufacturer. 

	2.4 Flexible Conduit 
	.1 Connectors:  slip proof, insulated throat or non-metallic bushings, steel, Thomas & Betts Ltd. "Tite Bite", Series 300. 

	2.5 Rigid PVC Duct 
	.1 Duct:  Rigid non-metallic conduit of unplasticized PVC Type DB-2, conforming to CSA Standard. 
	.2 Accessories:  Bell ends, couplings, adapters, bends and other fittings of same material as duct.  Use solvent recommended by manufacturer.  Horizontal, vertical and foundation spacers as manufactured by Pilgrim Products Ltd. 

	2.6 Liquid Tight Flexible Conduit 
	.1 Conduit:  flexible metal conduit with liquid tight PVC jacket.  Industrial Wire & Cable "Liquiseal". 
	.2 Connectors:  captive sealing jacket and ground cone insulated throat, steel (Thomas & Betts Ltd. "Super Tight", Series 6000). 

	2.7 Zinc Fittings 
	.1 Connectors and couplings to be manufactured of No. 3A alloy conforming to ASTM designation B.240 as manufactured by Regal Manufacturing. 


	3. EXECUTION 
	3.1 Rigid Steel Conduit 
	.1 Use as raceways for following applications: 
	.1 In all areas exposed to weather. 
	.2 Locations where mechanical damage may occur and in mechanical rooms to a height of 1 m. 
	.3 Three phase motor wiring (Teck cable may also be used for this application where shown on the drawings). 


	3.2 E.M.T. Conduit 
	.1 Use as raceways for following applications: 
	.1 In surface and concealed areas or in poured concrete above ground level. 

	.2 It may not be used in damp locations, corrosive atmosphere, underground, outdoors, nor in areas exposed to mechanical damage. 

	3.3 Rigid PVC Conduit 
	.1 Use as raceways for following applications 
	.1 In poured concrete floors and walls and on underground runs exterior to the buildings unless otherwise noted. 
	.2 Wiring installed in areas subject to intermittent or continuous moisture but not surface mounted. 
	.3 Rigid PVC conduit shall not be surface mounted. 

	.2 Use strictly in accordance with the Canadian Electrical Code.  Do not use in return air plenums and for exit and fire escape lights. 
	.3 Provide insulated ground wire in all rigid PVC conduits in accordance with the Canadian Electrical Code. 
	.4 Where rigid PVC conduit is set in poured concrete, solvent joints must be completed and allowed to set as per manufacturer's instructions. 
	.5 Bend rigid conduit in strict accordance with manufacturer's directions.  Distorted bends will not be accepted. 

	3.4 Flexible Conduit 
	.1 Use as raceways for following applications: 
	.1 Connections to fhp motors in dry locations. 
	.2 Flexible connections to luminaires. 

	.2 Provide a separate insulated ground wire in all flexible conduits.   

	3.5 Rigid PVC Duct 
	.1 Provide a separate green insulated copper ground wire in all ducts sized as required by the Code. 
	.2 Arrange ducts in a horizontal layer separated by plastic spacers to provide spacing between duct centres, as shown on the Drawings. 
	.3 Support duct bank on plastic spacers to maintain 190 mm center to center spacing of ducts.  Foundation spacers to maintain at least 200 mm clearance between ducts and exterior coverage. 
	.4 Make joints with tapered couplings to provide a secure watertight connection.  Stagger all joints to provide 200 mm vertical and horizontal clearance between adjacent couplings.  Where needed, use factory bends to provide bends of radius required. 
	.5 When all ducts are installed, brace whole assembly at each spacer group to prevent duct floating when concrete is placed. 
	.6 Terminate ducts with standard bell ends where ducts enter cable pits, junction boxes and building interiors. 
	.7 Cap ends of unused ducts with plug ends of same material as ducts. 
	.8 Seal all joints in ducts with solvent cement. 
	.9 Install Roxtek seals inside conduits where ducts enter cable pits, junction boxes and building interiors  

	3.6 Liquid Tight Flexible Conduit 
	.1 Use as raceways for following applications: 
	.1 At all motors, pipe mounted control devices, and other devices subject to movement or water. 

	.2 At all motors provide a short length before connecting to the motor terminal box.  Minimum length shall be 450 mm plus 4 times the conduit diameter. 
	.3 Provide a separate ground wire within flexible conduit, bonded to motor frames and system ground. 

	3.7 Corrosion Control (Special Application) 
	.1 In wet locations as pool and pool mechanical rooms and pool service tunnel fittings, outlet boxes, junction boxes, rack members, clamps and fasteners shall be zinc or cadmium plated.  All threads shall be completely coated. 
	.2 In the pool and basement areas all exposed conduit, couplings and straps shall be corrosion resistant epoxy-polyester coated Columbex Green Guard II or equivalent. 
	.3 Use a different colour of coating for control, power and lighting. 

	3.8 Workmanship 
	.1 Install all conduit and wiring concealed, unless otherwise shown on the drawings.  Do not recess conduit in columns, except as noted, without permission. 
	.2 Where conduit is run exposed, run parallel to building lines.  Where conduits are grouped (two or more), space evenly, make bends concentric and mount on Unistrut racks. 
	.3 Lay out conduit to avoid interference with other Work.  Maintain a minimum clearance of 150 mm from steam or hot water piping, vents, etc. 
	.4 Slabs on grade:  Install rigid PVC conduit in the gravel base below concrete slabs.  Provide mechanical protection around stub-ups through slab and extend 150 mm beyond concrete.  When rigid steel conduit is installed in contact with earth it shall be protected by Polykin #940 tape.  Extend taping 300 mm above finished grade. 
	.5 Metal conduit installations in concrete pours:  Tie down conduit to prevent shifting.  All joints are to be made up tight to ensure ground continuity.  To prevent concrete entry, seal EMT set screw fittings with tape, pack outlet boxes and cap conduit terminations both in boxes and stub-ups.  Apply Polykin #940 tape to the conduit 152 mm both sides of the point of leaving slab. 
	.6 Do not place conduit in concrete slabs in which slab thickness is less than four times conduit diameter.  Place conduits larger than this size under floor.  Conduits to have minimum 25 mm concrete cover. 
	.7 Organize conduit in slabs to minimize crossovers.  Obtain approval and minimum concrete cover required from the Contract Administrator prior to installing conduits in slabs. 
	.8 At all recessed panels cap 2 to 25 mm and 4 to 19 mm empty conduits from panel into ceiling above and below for future use. 
	.9 Provide Brady underground warning tapes 300 mm below grade above all underground conduits.  Tape shall be yellow warning tape, 150 mm wide. 
	.10 Where conduits or ducts enter or exit concrete structures below grade provide 16 mm x 1500 mm steel reinforcing dowels to prevent shearing.  Extend dowel 1000 mm beyond concrete and band conduit to dowel.  The first 3 m length of conduit extending from the structure to be Polykin wrapped rigid steel. 
	.11 Where conduit is installed in floor slabs to run up at equipment or motors, carefully check all conduit locations.  Verify conduit locations for mechanical equipment from shop drawings or detail drawings.  Brace all stub-ups.  Stub-ups shall be rigid steel. 
	.12 Where steel conduit is required to be bent, do not heat, and do not bend conduit in such a way as to reduce pipe cross section area at any point.  Radii of bends shall be as per Canadian Electrical Code. 
	.13 For all runs of conduits, do not include more than equivalent of four   quarter bends.  Provide conduit fittings, pullboxes and junction boxes where necessary.  Pulling elbows shall not be used except by special permission.  
	.14 Where possible, install conduits so that they are not trapped, cap turned up conduits to prevent the entrance of dirt of moisture during construction.  Swab out conduit and thoroughly clean internally before wires and cables are pulled. 
	.15 Take extreme care in reaming ends of all conduit to ensure a smooth interior finish that will not damage the insulation of the wires. 
	.16 Use insulated non-metallic bushings on all conduit terminations. 
	.17 Ensure electrical continuity in all conduit systems. 
	.18 All conduit shown exposed in finished areas is to be free of unnecessary labels and trade marks. 
	.19 Install a 40 kg test line in all conduits left under the Contract including those which others will pull cables, wires, etc. 
	.20 Conduits and ducts crossing building expansion joints shall have conduit expansion fittings to suit the type of conduit used, and shall be Crouse-Hinds, Scepter, or approved fitting. 
	.21 Seal conduits with duct seal where conduits are run between heated and unheated areas.  Where conduits, cables, or cable trays pierce fire separations, seal openings with Dow Corning 3-6548 sealant or approved equal. 
	.22 Where conduits pass through walls, they shall be grouped and installed through openings.  After all conduits shown on the drawings are installed, wall openings shall be closed with material compatible with the wall construction.  Review size and quantity of conduit sleeves with the Contract Administrator. 
	.23 Where drawings show conduit designations, these conduits shall be identified at each point of termination with Thomas & Betts "Ty-Rap" No. TY532M labels. 
	.24 Where conduit finish is damaged, repair or replace. 
	.25 Use "Condulet" fittings for power and telephone type conduit terminations in lieu of boxes where support is not provided. 
	.26 All branch circuit wiring, home-runs, communication and data to be minimum 20 mm diameter unless otherwise stated. 
	.27 Provide necessary flashing and pitch pockets, making watertight joints where conduits pass through roof or watertight membranes. 
	.28 Where panelboard branch circuit conduits are amalgamated, size shall not exceed 25 mm diameter. 
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	1. GENERAL 
	1.1 Description 
	.1 Provide a complete system of cable trays as shown on the Drawings complete with all supports and hangers and seismic bracing necessary for the installation. 
	.2 Coordinate the location of the support channels so as not to interfere with other services. 

	1.2 Shop Drawings and Product Data 
	.1 Submit Shop Drawings and product data in accordance with Section 01300 – Submittals. 
	.2 Indicate various types of cabletroughs with terminology used in Part 2. 
	.3 Prior to construction, submit design drawings and calculations indicating all tray loading and seismic support designs have been reviewed by and bear the stamp of a Professional Engineer registered in the Province of Manitoba. 

	2. PRODUCTS 
	2.1 Cabletray 
	.1 All power trays shall be rigid aluminum ladder type, Class E to CSA C22.2 No. 126 with 300 mm rung spacing, 150 mm side rails and width as indicated on Drawings.   
	.2 All I&C trays to be rigid aluminum ventilated, Class E to CSA C22.2 No. 126, 150 mm side rails and width as indicated on Drawings.  
	.3 Horizontal 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. 
	.4 Provide stainless steel rod hanger clamps, rod hangers, wall mounting support brackets and all necessary accessories for complete installation. 
	.5 Barriers where different voltage systems or electrical systems are in the same cabletrough, or as indicated. 
	.6 Approved manufacturers:  Pilgrim, Unitray, B-Line, Comtray, Canstrut, ElectroTray. 
	.7 Unless otherwise approved by the Contract Administrator, provide cabletrays of the same manufacturer throughout the Work 

	2.2 Supports 
	.1 Provide stainless steel rod hangers, rod hanger clamps and accessories as required. 
	.2 Wall mounted support brackets: Provide aluminum channel strut supports mounted vertically in concrete wall complete with mounting brackets sized to suit cabletray width and loading. 


	3. EXECUTION 
	3.1 Installation 
	.1 Suspend cabletrays on rod hangers and hanger clamps or channels spaced as required by loading classification rating and not more than 3000 mm on centers.  Fasten hangers to channels securely mounted to the structure and provide seismic restraint as required. 
	.2 Install trays and raceways generally as indicated on Drawings.  Coordinate this Work with the other trades to ensure adequate horizontal and vertical clearances. 
	.3 Provide minimum vertical clearance above the trays as indicated on the Drawings.   
	.4 Provide minimum 600 mm horizontal clearance on one side of cabletray throughout. 
	.5 All trays are shown diagrammatically on the Drawings.  Determine the exact location in the field.  Install tray runs to prevent interference with process or service piping and ducting and to maintain clearance for tray access.  Coordinate the exact location of tray supports and runs with the work of other Divisions.  The electrical building crawl space requires extensive cable trays.  Refer to the Drawings and isometric views to identify the multiple vertical layer of trays required.  
	.6 Do not install tray routes and tray supports until the location of same has been reviewed by the Contract Administrator. 
	.7 Install tray systems in such a manner as to conserve head-room and minimize the use of free space through which they pass.  Maintain a minimum 2100 mm clear head-room wherever possible. 
	.8 Run trays parallel to building lines unless otherwise shown on the Drawings.  A tray in tunnel areas to run parallel with the ceiling lines as the floor is graded for drainage.  Where two or more trays run the same route, make parallel and ensure offsets and bends are uniform. 
	.9 When the ends on Unistrut type shelf brackets are below 2100 mm AFF in a walking area, cut flush with tray.  Permanently cap the end of Unistruts, etc. with plastic caps.  Suitably protect sharp corners and edges of tray to prevent personal hazard. 
	.10 Use beam clamps to fasten support systems to structural steel.  Do not weld, drill or cut structural steel without approval by the Contract Administrator. 
	.11 Where hanger rods are used, use stainless steel and not be smaller than 12 mm in diameter. 
	.12 Extend a stranded #2/0 tin plated bare copper ground conductor the length of each power tray route, and solidly connect sections of tray runs to the ground bus of the electrical room.  Connect ground conductor to tray every 15 m with approved grounding clamps.  Provide a #6 tin plated copper ground conductor in the instrumentation trays, or where instrumentation tray runs are parallel to power tray, bond instrumentation tray to power tray ground every 15 m. 
	.13 Generally run cables of different voltage classes in separate trays.  Where a common tray is shown on Drawings, separate the cables for different voltage classes from each other by metal barriers as supplied by the tray Manufacturer. 
	.14 Check all trays for surface smoothness prior to installation and remove all burrs, ridges, etc. on tray surfaces facing cables. 
	.15 Size cabletrays as indicated on Drawings.  If any discrepancies are found or changes in tray size are required, advise the Contract Administrator before installing the tray. 

	3.2 Cables in Cabletray 
	.1 Install cables individually. 
	.2 Lay cables into cabletray.  Use rollers when necessary to pull cables. 
	.3 Secure cables in cabletrough at 5 m centers, with nylon ties. 
	.4 Identify cables with nameplates in accordance with Section 16010 – Electrical General Requirements. 
	.5 Mark power and communication runs in accordance with colour coding outlined in Section 16010 – Electrical General Requirements. 
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	1. GENERAL 
	1.1 Description 
	.1 Complete supply, installation and termination of 4160 V power cables with 8 kV insulation rating. 

	1.2 Codes and Standards 
	.1 Insulated cables to CSA C22.2 No. 38, CSA C68.3,  ICEA T-29-520, and ICEA T-30-520 

	2. PRODUCTS 
	.1 Armoured Cables.  
	.1 The Armoured Cables shall have the following characteristics: 
	.1 Approved by CSA or other recognized Certification Organization in Canada.  
	.2 Three soft drawn, bare, Class B compact or compressed stranded copper conductors sized as indicated per ASTM.  
	.3 Conductor Shield: Extruded thermosetting semiconducting shield which is free stripping from the conductor and bonded to the insulation.  
	.4 Insulation Rating: 90°C rating, 133% insulation level. 
	.5 Insulation Shield: Extruded thermosetting semiconducting shield with controlled adhesion to the insulation providing the required balance between electrical integrity and ease of stripping.  
	.6 Metallic Shield: Helically applied non-magnetic uncoated copper tape over the insulation shield with a maximum 15% gap. 
	.7 Assembly: Three conductors shall be twisted together with fillers and soft drawn, bare copper bonding conductors and covered with a binder tape 
	.8 Sunlight resistant PVC jacket tightly applied over the binder tape 
	.9 Flexible AIA applied over the inner jacket for mechanical protection. 
	.10 Low-temperature, sunlight-resistant PVC jacket applied over the armour. 
	.11 Short circuit rating 60 kA, 1 cycle; 14 kA, 30 cycles. 
	.12 90°C normal, 130°C emergency rating, 250°C short circuit rating. 

	.2 The Armoured Cables shall be Prysmian 8kV 3/C Armortek or approved equal.  

	.2 Non-Armoured Cables  
	.1 Site Distribution Conductors are defined as medium voltage conductors between 5 kV switchgears in the main electrical room, generator conductors, and conductors to other buildings as indicated on Drawings.  
	.2 The Site Distribution Conductors shall have the following characteristics: 
	.1 Approved by CSA or other recognized Certification Organization in Canada. 
	.2 Three soft drawn, bare, Class B compact or compressed stranded copper conductors sized as indicated per ASTM. 
	.3 Conductor Shield: Extruded thermosetting semiconducting shield which is free stripping from the conductor and bonded to the insulation. 
	.4 Insulation Rating: 90°C rating, 133% insulation level. 
	.5 Insulation Shield: Extruded thermosetting semiconducting shield with controlled adhesion to the insulation providing the required balance between electrical integrity and ease of stripping. 
	.6 Metallic Shield: Helically applied non-magnetic uncoated copper tape over the insulation shield with a maximum 15% gap. 
	.7 Assembly: Phase identified shielded conductors cabled with fillers forming a firm and cylindrical cable core. A binder tape is applied to maintain core symmetry and mechanical stability. 
	.8 Black sunlight resistant PVC jacket tightly applied over the binder tape. 
	.9 Short circuit rating 60 kA, 1 cycle; 14 kA, 30 cycles. 
	.10 90°C normal, 130°C emergency rating, 250°C short circuit rating. 

	.3 The Non-Armoured cables shall be Prysmian 8 kV 3/C Power CSA cables suitable for cable tray and UG duct installation or approved equal.  


	2.2 Termination 
	.1 Coldapplied, silicone rubber termination qualified to IEEE 48-1996, designed for indoor and outdoor applications 
	.2 Use silicone molded skirts on outdoor applications 
	.3 Prysmain Elasticfit, or approved equal 


	3. EXECUTION 
	3.1 Cables General 
	.1 Do not splice cables.  A continuous length is required for all feeds. 
	.2 Submit certified Manufacturer's data sheets. 

	3.2 Receiving/Handling Cable 
	.1 Visually inspect cable reels for any damage that may have occurred in transit. 
	.2 Visually check each reel to insure that it has the proper tags and labels as described in the Specifications. 
	.3 Handling of Cable Reels. When moving cable reels, care should be taken to insure that material handling equipment does not come in contact with cable surfaces or with protective covering on the reel. Under no circumstances should cable reels be dropped from any height, or be allowed to roll uncontrolled. 
	.4 Storage of Cable Reels. Where possible, cable reels are to be stored indoors on a hard, dry surface to prevent deterioration of the reels and possible ingress of moisture into the cables. Cable reels stored outdoors must be supported off the ground and covered with a suitable weatherproof material. 

	3.3 Installation 
	.1 Install in accordance with Manufacturer's recommendations, observing requirements for minimum bending radius and pulling tensions. 
	.2 Clearing Duct. Using a plug approximately the same diameter as the inside of the duct, clear all burrs and obstructions in the duct or conduit by pulling the plug through the structure. Follow with a wire brush and swab to clean and remove foreign matter from the duct. 
	.3 Rack/Trays. Check the entire path that the cable will follow during pulling to make sure that the cable will ride free and clear of all obstructions, sharp edges or projections which might cause it to jam or be damaged in passage. 
	.4 Cable Pulling and Cable Guides. To avoid abrasion and damage of the cable jacket when guiding the cable from the reel to the duct mouth or trench, all guides shall be in the form of large diameter, smooth-surfaced, free-turning sheaves or rollers. 
	.5 Maximum Pulling Tensions. Pulling tensions for installing electrical cables should be maintained as low as possible to prevent damage to the cable. Follow Manufacturer recommendation. 
	.6 Consideration for Metallic Armoured Cables. Cable armours and concentrically applied grounding conductors shall be bonded and grounded at the supply end only and thereafter isolated from ground and each other. Installing cables in individual ducts of insulating material, by using cables jacketed with PVC or other insulating material, or mounting cables on insulated supports, may attain isolation. 

	3.4 Terminations 
	.1 Follow manufacture’s recommended installation procedures. 
	.2 Remove the insulation to fit the connector. Avoid nicking the conductor strands. Remove enough insulation to allow crimp connectors to “grow” without pushing into insulation. Follow connector Manufacturer’s instructions for use of oxide inhibiting compounds, crimp tools, dies, etc. 
	.3 Thoroughly read Manufacturer’s instructions before beginning installation, taking note of any special requirements. Make sure that the dimensions for cable prep are for the appropriate voltage class. Make sure that the connectors used are appropriate for the application (suitable for use on copper, sealed lugs if outdoor, length, tapered, if required, etc.) and that the proper crimp tool (and dies, if needed) is available. 
	.4 Clean the cable jackets to the specified distance. To eliminate the risk of damaging the underlying metallic shield, do not cut completely through the jacket. Instead, ring cut through at least 50% of the material and tear off the remainder. 
	.5 Metallic Shields. Remove the metallic shield to the specified distance. Consult instructions prior to bundling. 
	.6 Semiconductive Layer. Remove the extruded semiconductive layer. Any nick through this layer into the insulation shall be sanded out or discharge will occur and could lead to failure. 
	.7 Cleaning Solvents.  Solvents should be used with lint-free cloths. Do not pour solvents directly onto cable insulation. Read solvent manufacturer’s instructions thoroughly. 
	.8 Install compression connectors using tools provided by the connector Manufacturer in accordance with the Manufacturer's recommendations. 

	3.5 Tests 
	.1 The electrical contractor is to test cables prior to energization, as follows: 
	.1 Megger 
	.2 Highpot 
	.3 25 kV DC ICEA 
	.4 Radar scan shield test 
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	1. GENERAL 
	1.1 Work Included 
	.1 Provide a complete system of wiring, making all connections necessary for the installation shown on Drawings. 

	1.2 References, Codes and Standards 
	.1 CSA C22.2 No. 0.3, Test Methods for Electrical Wires and Cables. 
	.2 Install and rate power cables in accordance with the Canadian Electrical Code requirements or in accordance with ICEA requirements where permissible. 

	1.3 Product Data 
	.1 Submit product data in accordance with Section 16010 – Electrical General Requirements. 

	2. PRODUCTS 
	2.1 Building Wires 
	.1 Minimum conductor size #12 AWG  
	.2 Conductors:  stranded for 10 AWG and larger.  Minimum size:  12 AWG. 
	Copper conductors: size as indicated, with 600 V insulation of chemically XLPE material rated RW90. 

	2.2 Teck Cable 
	.1 Minimum conductor size #12 AWG  
	Conductors: 
	.1 Grounding conductor: copper. 
	.2 Circuit conductors: copper, size as indicated. 

	.3 Insulation: 
	Chemically cross-linked thermosetting polyethylene rated type RW90, 600 V. 

	.4 Inner jacket: PVC material. 
	.5 Armour: interlocking aluminum. 
	Overall covering: thermoplastic polyvinyl chloride material. 
	.7 Fastenings: 
	.1 One hole malleable iron straps to secure surface cables 50 mm and smaller. Two hole steel straps for cables larger than 50 mm. 
	.2 Channel type supports for two or more cables at 1500 mm centers. 
	.3 Six mm diameter threaded rods to support suspended channels. 

	.8 Connectors: 
	Watertight approved for TECK cable. 


	2.3 Control Cables 
	.1 Type LVT: 2 soft annealed copper conductors, sized as indicated, with thermoplastic insulation, and outer covering of thermoplastic jacket. 
	Low energy 300 V control cable: solid stranded annealed copper conductors sized as indicated, with PVC insulation type TW with shielding of wire braid  over each pair and overall covering of PVC jackets. 
	.3 600 V type:  stranded annealed copper conductors, sizes as indicated with PVC insulation type R90, XLPE type with shielding of wire braid each pair of conductors and overall covering of thermoplastic jacket interlocked armour and jacket over sheath of PVC. 

	2.4 Luminaire Wire 
	.1 Type TEW:  Copper conductors, #14 AWG, with thermoplastic and asbestos insulation, flame retardant, heat and moisture resistant, rated 600 V, 105oC. 


	3. EXECUTION 
	3.1 Installation of Building Wires 
	.1 Install wiring as follows: 
	.1 In conduit systems in accordance with Section 16111 – Conduits, Conduit Fastenings and Conduit Fittings. 
	.2 In trenches in accordance with Section 16106 – Installation of Cables in Trenches and in Ducts. 


	3.2 Installation of Teck Cable 0 - 1000 V 
	.1 Install cables. 
	.2 Group cables wherever possible on channels. 
	.3 Install cable in trenches in accordance with Section 16106 – Installation of Cables in Trenches and in Ducts. 
	.4 Terminate cables in accordance with Section 16151 - Wire and Box Connectors. 

	3.3 Installation of Aluminum Sheathed Cable 
	.1 Group cables wherever possible on channels. 
	.2 Install cable in trenches in accordance with Section 16106 – Installation of Cables in Trenches and in Ducts. 
	.3 Lay cable in cabletroughs in accordance with Section 16114 – Cable Trays. 
	.4 Terminate cables in accordance with Section 16151 – Wire and Box Connectors. 

	3.4 Installation of Control Cables 
	.1 Install control cables in conduit, underground ducts or by direct burial. 
	.2 Ground control cable shield. 

	3.5 Installation of Luminaire Wire 
	.1 Run wires from outlet boxes through luminaire raceways, splice and connect in raceways.  Connect continuous rows of luminaires to circuit without breaking conductors. 

	3.6 Workmanship 
	.1 Before pulling wire, ensure conduit is dry and clean.  If moisture is present, thoroughly dry out conduits; vacuum if necessary.  To facilitate pulling, recognized specially manufactured wire pulling lubricants may be used.  Do not use grease.  Employ suitable techniques to prevent damage to wire when ambient temperature is below the minimum permitted for each insulation type.  Do not pull wires into incomplete conduit runs. 
	.2 Installation to be free of opens and grounds.  Before energization, measure insulation resistance and comply with the Canadian Electrical Code.  Submit data sheet with values measured. 
	.3 Do not install any conductor smaller than #12 AWG, except where specifically indicated otherwise, i.e. for fire alarm system station circuits, P.A. wiring, etc. 
	.4 Provide sizes of conductors as shown on Drawings.  Voltage drop from lighting panels to farthest outlet must not exceed 2% at full load in any case.  Advise   Contract Administrator if problem is foreseen. 
	.5 Exercise care in stripping insulation from wire.  Do not nick conductors. 

	3.7 Identification, Coding and Balancing 
	.1 For branch circuit wiring, follow identification system shown on the Drawings and as specified in Section 16010 – Electrical General Requirements. 
	.2 Connect single phase equipment to minimize imbalance on feeders.  Adjust branch circuiting shown as required for optimum balancing.  Record all changes on "record" drawings. 
	.3 Colour code all feeders at all terminations, at all points where taps are made, and at all panelboards, switchboards, motor control centres, etc.  Use two wraps of 3M #471 plastic film tape 48 mm wide. 
	.4 Conductors sized No. 10 and smaller are required to be factory coloured, not taped on Site. 
	.5 For direct current wiring use red for positive and black for negative. 

	3.8 Testing 
	.1 All power and control wiring shall be tested for insulation resistance value with a 1000 V megger.  Resistance values shall be as recommended by the cable manufacturer. 
	.2 All wire test results shall be properly tabulated, signed, dated, and submitted to the  Contract Administrator.  
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	1. GENERAL 
	1.1 Work Included 
	.1 Provide a complete system of splitters, junction boxes, pull boxes and cabinets for the installation of wiring and equipment. 

	1.2 Shop Drawings and Product Data 
	.1 Submit Shop Drawings and product data for cabinets in accordance with Section 16010 – Electrical General Requirements. 

	PRODUCTS 
	2.1 Junction Boxes and Pull Boxes, Weatherproof 
	.1 Materials: 
	.1 Cast steel, Crouse Hinds, WBJ Series. 


	2.2 Junction Boxes and Pull Boxes, Indoor Dry Locations 
	.1 Materials: 
	.1 Code gauge sheet steel, welded construction, phosphatized and factory paint finish. 

	.2 Components: 
	.1 For flush mounting, covers to overlap box by 25 mm minimum all around with flush head cover retaining screws. 
	.2 Use rolled edges for surface boxes. 

	.3 Junction boxes mounted in exterior walls shall be complete with box vapour barriers. 

	2.3 Cabinets 
	.1 Materials: 
	.1 Cabinets: Code gauge sheet steel, welded construction, phosphatized and factory paint finish, suitable for field painting. 
	.2 Locks:  to match panelboards. 
	.3 Mounting: Galvanized U channel, secured to structure and cabinet, at top and bottom of cabinet. 

	.2 Components: 
	.1 With hinged door and return flange overlapping sides, with handle, lock and catch for surface mounting, size as indicated or to suit. 
	.2 Surface or flush with trim and hinged door, latch and lock and two keys, size as indicated or to suit.  Keyed to match panelboard keys. 


	2.4 Splitters 
	.1 Materials: 
	.1 Code gauge sheet steel, welded construction, phosphatized and factory paint finish. 

	.2 Components: 
	.1 Formed hinged cover suitable for locking in the closed position. 
	.2 Main and branch lugs to match required size and number of incoming and outgoing conductors as indicated. 
	.3 At least three spare terminals on each set of lugs in splitters less than 400 AMP. 



	3. EXECUTION 
	3.1 Installation 
	.1 Junction Boxes and Pull Boxes: 
	.1 Supply all pull boxes and junction boxes shown on the drawings or required for the installation. 
	.2 Identify with system name and circuit designation as applicable. 
	.3 Size in accordance with the Canadian Electrical Code, as a minimum. 

	.2 Cabinets: 
	.1 Mount cabinets with top not greater than 1980 mm above finished floor, coordinated with masonry, panelboards, fire hose cabinets and similar items.  Securely fasten backboards to cabinet interiors. 
	.2 Install terminal block where indicated. 

	.3 Splitters 
	.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. 

	.4 Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
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	1. GENERAL 
	Work Included 
	.1 Provide a complete system of boxes for the installation of wiring and equipment. 

	1.2 References 
	.1 CSA C22.1-Canadian Electrical Codes, Part 1. 

	2. PRODUCTS 
	2.1 Outlet and Conduit Boxes General 
	.1 Size boxes in accordance with CSA C22.1. 
	.2 102 mm square or larger outlet boxes as required for special devices. 
	.3 Gang boxes where wiring devices are grouped. 
	.4 Blank cover plates for boxes without wiring devices. 
	.5 Combination boxes with barriers where outlets for more than one system are grouped. 

	2.2 Outlet Boxes for Metal Conduit 
	.1 Materials: 
	.1 Surface or recessed concealed type:  Die formed steel, hot dip galvanized, 3.95g/m2 minimum zinc coating. 
	.2 Surface mounting exposed:  Cast ferrous for threaded conduit, with attached lugs, corrosion resistant two coats finish. 

	.2 Components: 
	.1 Outlets boxes, mounted on concrete: 
	.1 Wall outlets, surface, exposed mounting or used for outdoor outlets:  One or more gang, Crouse-Hinds FS series or FD series, condulet. 
	.2 Covers:  Unless wiring devices and plates are mounted, provide blank canopy covers to match boxes. 



	2.3 Outlet Boxes for Rigid PVC Conduit 
	.1 Materials: 
	.1 Rigid PVC boxes and fittings:  Unplasticized PVC. 


	2.4 Conduit Boxes 
	Cast FS or FD Feraloy boxes with factory-threaded hubs and mounting feet for surface wiring of switches and receptacle. 

	2.5 Fittings - General 
	.1 Bushing and connectors with nylon insulated throats. 
	.2 Conduit outlet bodies for conduit up to 32 mm and pull boxes for larger conduits. 


	3. EXECUTION 
	3.1 Installation 
	Support boxes independently of connecting conduits. 
	.2 Fill boxes with paper, sponges or foam or similar approved material to prevent entry of debris during construction.  Remove upon completion of work. 
	.3 Provide correct size of openings in boxes for conduit, and armoured cable connections.  Reducing washers are not allowed. 
	.4 Install all outlets surface mounted as required for the installation. 
	.5 Surface mount on unfinished areas. 
	.6 Do not distort boxes during installation.  If boxes are distorted, replace with new boxes. 
	.7 Do not use sectional boxes. 
	.8 Provide boxes sized as required by the Canadian Electrical Code. 
	.9 Ceiling outlet boxes shall be provided for every surface mounted fixture or row of fixtures installed on suspended "hard" ceilings. 
	.10 Primary bushings in termination box for cable connection. 
	.11 Secondary bushings in termination box for bus duct connection. 
	.12 Control junction box. 
	.13 Stainless steel nameplate and connection diagram. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Provide and connect all wiring devices for the complete installation. 

	2. PRODUCTS 
	2.1 Manufacturer 
	.1 Wiring devices to be of one manufacture throughout the Work. 
	.2 Manufacturers shall be Hubbell, Leviton, or Pass & Seymour. 

	2.2 Devices 
	.1 The catalogue numbers shown below are for the particular manufacturer's series and all necessary suffixes shall be added for the requirements as stated.  All devices shall be specification grade minimum and wherever possible shall be of the same manufacture. 
	.2 Devices to be brown with  galvanized steel coverplates for surface mounted devices. 

	2.3 Switches 
	.1 120-277 V, 20 A, single and double pole, three and four-way:  As Hubbell No. 1221, 1222, 1223 and 1224. 
	.2 Manually - operated general purpose AC switches shall have the following features: 
	.1 Terminal holes approved with AWG #10 wire. 
	.2 Silver alloy contacts. 
	.3 Urea or melamine molding for parts subject to carbon tracking. 
	.4 Suitable for back and/or side wiring. 


	2.4 Receptacles 
	.1 Duplex 15 ampere, 120 V, 3 wire, ivory, U-ground, as Hubbell No. 5252, with the following features: 
	.1  Brown  urea molded housing. 
	.2 Suitable for #10 AWG for back and side wiring. 
	.3 Eight back wired entrances, four side wiring screws. 
	.4 Break-off links for use as split receptacles. 
	.5 Triple wipe contacts and rivetted grounding contacts. 

	.2 Duplex 15 A, 120 V, 3 wire, ivory, U-ground ground fault receptacle, as Hubbell No. GF 5261. 

	2.5 Welding Receptacles 
	.1 Crouse-Hinds AJP AR624, 600V, 60A, 3 wire.  Interlocked receptacle and disconnect switch. 

	2.6 Coverplates 
	.1 Provide coverplates for all wiring devices 
	.2 For Clearwell Inlet building, valve chambers and exteriror locations use weatherproof double lift spring - loaded cast aluminum coverplates, complete with gaskets for single receptacles or switches. 
	.3 For ordinary locations use sheet steel utility box cover for wiring devices installed in surface mounted utility boxes. 
	.4 For ordinary locations use stainless steel 1 mm thick coverplates on all wiring devices mounted in flush-mounted outlet boxes unless otherwise specified. 
	.5 Use gasketted DS cast covers on FS and FD type boxes. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install single throw switches with handle in the "UP" position when switch closed. 
	.2 Install switches vertically in gang type outlet box when more than one switch is required in one location. 
	.3 Mount switches on the latch side of the doorway as close as possible to door frame unless otherwise indicated on drawings. 
	.4 Install receptacles vertically in gang type outlet box when more than one receptacle is required in one location. 
	.5 Where split receptacle has one portion switched, mount vertically and switch upper portion. 
	.6 Protect cover plate finish with paper or plastic film until all painting and other work is finished, then remove paper. 
	.7 Install suitable common coverplates where wiring devices are grouped.  Do not distort plates by tightening screws excessively. 
	.8 Wherever possible, mount equipment in a straight line at a uniform mounting height, coordinated with other equipment and materials. 
	.9 Mounting dimensions are to the centre of the devices.  Final instructions on mounting heights shall be given by the Contract Administrator.  The above shall be used as a guide, but shall be subject to final verification prior to installation. 
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	GENERAL 
	1.1 Work Included 
	.1 Provide a complete system of wiring, making all connections necessary for the installation shown on Drawings. 

	1.2 Special Codes 
	.1 Install and rate power cables in accordance with the Canadian Electrical Code requirements, or in accordance with IPCEA requirements where permissible. 

	1.3 References 
	.1 CSA C22.2 No. 65 Wire Connectors. 
	.2 EEMAC 1Y-2, Bushing Stud Connectors and Aluminum Adapters (1200 Ampere Maximum Rating). 

	2. PRODUCTS 
	2.1 Materials 
	.1 Pressure type wire connectors: with current carrying parts same material as conductors sized to fit the conductors as required. 
	.2 Fixture type splicing connectors: with current carrying parts same material as conductors sized to fit the conductors 10 AWG or less. 
	.3 Bushing stud connectors: to EEMAC 1Y-2 to consist of: 
	.1 Connector body and stud clamp for stranded copper conductors. 
	.2 Clamp for stranded copper conductors. 
	.3 Stud clamp bolts. 
	.4 Bolts for copper conductors.  
	.5 Sized for conductors as indicated. 

	.4 Clamps or connectors for aluminum sheathed cable, flexible conduit, as required. 

	2.2 Wire Connectors 
	.1 Use 3M “Scotchlock”, self-insulated connectors for hand twist wire joints for lighting, small power, and control wiring. 
	.2 Use T & B non-insulated ring type compression lugs for terminating #10 AWG and smaller motor connections.  Tape with rubber and scotchtape.  Lugs to accept ten - 32 x 3/8” machine bolts. 
	.3 Terminate conductors #8 AWG and larger with Thomas & Betts Colour-Keyed compression connectors Series 54000, or on lugs provided with equipment. 
	.4 Thomas & Betts “KOPR-SHIELD” compound Series CP8 on all terminations for compression connectors. 


	3. EXECUTION 
	3.1 Installation 
	.1 Remove insulation carefully from ends of conductors and: 
	.1 Install mechanical pressure type connectors and tighten screws with appropriate compression tool recommended by the Manufacturer.  Installation shall meet secureness tests in accordance with CSA C22.2 No. 65. 
	.2 Install fixture type connectors and tighten. Replace insulating cap. 
	.3 Install bushing stud connectors in accordance with EEMAC 1Y-2. 


	3.2 Wire Connectors 
	.1 Select hand twist connectors for wire size and install tightly on conductors. 
	.2 Brush “KOPR-SHIELD” compound on terminations for compression connectors as recommended by the Manufacturer. 
	.3 Install compression connectors using methods and tools recommended by the Manufacturer. 
	.4 Do not install stranded conductors under screw terminals unless compression lugs are installed. 
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	1. GENERAL 
	1.1 Description 
	.1 Supply and install a complete grounding system.  Securely and adequately ground all components of the electrical system in accordance with the requirements of all related sections in the latest Canadian Electrical Code and the local Electrical Inspection Branch. 
	.2 The system to consist of cables, ground rods, supports, and all necessary materials and inter connections to provide a complete system.  Ensure measured resistance to ground of the network does not exceed 3 ohms. 
	.3 Run all above ground grounding conductors in conduit or in Cable Trays as per drawings. 

	2. PRODUCTS 
	.1 Cables 2/0 and smaller to be connected to ground bars via Cadweld exothermic weld. 
	.2 All ground wires:  stranded copper TWH complete with a green jacket, except in transformer yard where bare copper horizontal wire shall be used, unless otherwise shown. 
	.3 Ground rods: 20 x 6000 mm copper clad steel.  
	.4 Cable to pipe connectors: made with Burndy GAR connectors. 
	.5 Supply and install ground bars as indicated on Drawings. 


	3. EXECUTION 
	3.1 Grounding - General 
	.1 Ground all frames and metallic enclosures of all electrical equipment and electrically operated equipment through the conduit system via a ground wire. 
	.2 Ground all transformers, switchgear, panel boards and splitters fed from the main distribution centre by grounding conductors sized as specified on Drawings and in accordance with the Canadian Electrical Code.  Terminate the ground wire at each end with an appropriate grounding lug and connect to the equipment ground bus.  Ground wire to be green TWH. 
	.3 Ground all sub panels such as lighting panels, local distribution panels, etc. with a green ground wire run back to the panel from which it is fed.  Size the ground conductor according to the Canadian Electrical Code. 
	.4 Connect using 4/0 bare copper conductors from the main power distribution and control cabinet ground bus to the ground ring.  Test the system for ground resistance and install additional ground rods as necessary to meet a minimum requirements of 3 ohms. 
	.5 Ensure all main distribution centres, switchgear, and all panels requiring equipment grounds contain a ground bus of adequate size, and tapped for lugs for the ground wire required. 
	.6 Ensure all bolted connections are accessible. 
	.7 Ground all motors by means of an adequately sized green ground wire contained within the feeder conduit. 
	.8 Include a separate green ground wire in all power conduits including branch circuit wiring sized to Table 16, Canadian Electrical Code. 
	.9 Bond expansion joints and telescoping sections of raceways using jumper cables as per Canadian Electrical Code. 
	.10 Use Burndy compression connectors for all grounding splices and terminations unless otherwise shown on the Drawings.  For bolted ground connections use Burndy Engineering Company's "Durium". 
	.11 Connect all transformer neutrals to the main ground bus using bolted connections. 
	.12 Install rigid conduit sleeves where ground wires pass through concrete slabs. 
	.13 Provide conduit installed buried in earth or installed in or under grade floor slabs with separate ground wire installed, whether the conduits are metal or not. 
	.14 Ground all utility services to the electrical system ground. 
	.15 Ground all metal fences and gates 
	.16 Selected ground rods shall be accessible with ground wells as shown on Drawings 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install all hangers, supports and inserts for the installation shown on the Drawings and specified herein, as necessary to fasten electrical equipment securely to the building structure. 

	2. PRODUCT 
	2.1 Framing and Support System 
	.1 Materials: 
	.1 Intermediate duty supporting structures:  Aluminum strut channel together with the manufactures connecting components and fasteners for a complete system. 
	.2 Heavy duty supporting structures: fabricated from welded steel structural members and hot dipped galvanized before installation. 
	.3 Nuts, bolts, machine screws:  stainless steel. 


	2.2 Concrete and Masonry Anchors 
	.1 Materials:  Hardened steel inserts, zinc plated for corrosion resistance.  Epoxy adhesive type. 
	.2 Components:  non-drilling anchors for use in predrilled holes, sized to safely support the applied load with a minimum safety factor of 4. 
	.3 Manufacturer:  Hilti (Canada) Limited. 

	2.3 Non-Metallic Anchors 
	.1 Material:  Plastic anchors for sheet metal screws. 
	.2 Manufacturer:  Fischer. 

	2.4 Conduit Supports 
	.1 General:  Malleable iron one-hole conduit straps where exposed to weather.  Stamped steel two-hole straps indoors. 
	.2 Structural Steel:  Crouse-Hinds “Wedgetite” supports or equivalent manufactured by Appleton. 
	.3 Masonry, concrete, stone, etc.:  Anchors. 
	.4 Title:  Toggle bolts. 
	.5 Metal studs, ceiling hangers, etc.:  “Caddy-Clips”. 
	.6 Unistrut:  Unistrut conduit clamps. 

	2.5 Cable Supports and Clamps 
	.1 General:  As per conduit supports, except that for single conductor cables, use suitable non ferrous, or approved stainless steel or aluminum clamps. 


	3. EXECUTION 
	3.1 General 
	.1 Do not cut or drill beams, joists or structural steel unless written permission of the Contract Administrator is obtained. 
	.2 Distance between conduit or cable supports not to exceed code requirements. 
	.3 Supports to be suitable for the real loads imposed by equipment. 
	.4 Supports to be securely fastened, free from vibration and excessive deflection or rotation.  Maximum deflections are 4 mm over a 1 m span and 8 mm over a 2 m span. 
	.5 Install fastenings and supports as required for each type of equipment cables and conduits, and in accordance with Manufacturer’s installation recommendations. 
	.6 Provide conduit rack with 25% spare capacity for multiple runs. 
	.7 Provide channel support with fittings for vertical runs of conduit and cables. 

	3.2 Installation 
	.1 Secure equipment to tile and plaster surfaces with lead anchors. 
	.2 Secure equipment to poured concrete and concrete masonry with adhesive anchors. 
	.3 Secure equipment to hollow masonry walls or suspended ceilings with toggle bolts. 
	.4 Support equipment, conduit or cables using clips, spring loaded bolts, cable clamps designed as accessories to basic channel members. 
	.5 Fasten exposed conduit or cables to building construction or support system using straps. 
	.1 One-hole malleable iron or steel straps to secure surface conduits and cables 50 mm and smaller. 
	.2 Two-hole steel straps for conduits and cables larger than 50 mm. 
	.3 Beam clamps to secure conduit to exposed steel work. 

	.6 Suspended support systems. 
	.1 Support individual cable or conduit runs with 6 mm dia threaded rods and spring clips. 
	.2 Support two or more cables or conduits on channels supported by 6 mm diameter threaded rod hangers where direct fastening to building construction is impractical. 

	.7 Use plastic anchors for light loads only.  Use metal anchors for all other loads. 
	.8 Shot driven pins may only be used with written approval of the Contract Administrator. 
	.9 Use round or pan head screws for fastening straps, boxes, etc. 
	.10 Do not support heavy loads from the bottom chord of open web steel joists. 
	.11 Support outlet boxes, junction boxes, panel tubs, etc., independent of conduits running to them.  Support conduits within 600 mm of outlet boxes.  Support surface mounted panel tubs with a minimum of four 6 mm fasteners. 
	.12 For surface mounting of two or more conduits use channels at 1.5 m oc spacing. 
	.13 Provide metal brackets, frames, hangers, clamps and related types of support structures where indicated or as required to support conduit and cable runs. 
	.14 Ensure adequate support for raceways and cables dropped vertically to equipment where there is no wall support. 
	.15 Do not use wire lashing or perforated strap to support or secure raceways or cables. 
	.16 Do not use supports or equipment installed for other trades for conduit or cable support except with permission of other trade and approval of the Contract Administrator. 
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	1. GENERAL 
	1.1 Description 
	.1 Provide disconnect switches for 347/600 V and 120/208 V distribution as indicated on the Drawings, as manufactured by Cutler Hammer, Schnieder Electric. 

	2. PRODUCTS 
	2.1 Disconnect Switches 
	.1 Ratings:  600 V for 347/600 V distribution, 240 V for 120/208 V distribution.  Unless otherwise shown, 3 pole for 3 phase, 3 wire distribution, 3 pole and solid neutral for 3 phase 4 wire distribution.  Ampere ratings as shown on the drawings or to suit load requirements.  For motors, use disconnect switches with HP ratings at least equal to motor HP. 
	.2 Enclosures:  CSA code gauge galvanized steel, hinged doors, external operating handles.  Disconnect switches in dry locations shall be EEMAC-1 and EEMAC-3 where exposed to weather.  Provide ON-OFF switch position indication on switch enclosure cover. 
	.3 Finish:  One primer coat and one finish coat on all metal surfaces, colours as per Section 16010 – Electrical General Requirements. 
	.4 Switch mechanisms:  Quick make and quick break action with self wiping contacts, solderless pressure lug connectors.  For switches 100 A and over, provide non-tracking arc shrouds.  All switch poles to operate together from a common operating bar.  Provide for padlocking disconnect switches in "Off" position.  Doors to be interlocked and complete with defeat mechanism, to prevent opening when handle in ON position. 
	.5 Neutral Bars:  Where distribution system has grounded neutral conductor, provide neutral bar where required with ampere rating equal to switch rating, in enclosure.  Provide ground bar for terminating ground conductors. 
	.6 Fuse Holders:  Provide fuse holders (relocatable and suitable without adapters) on load side of switches, ampere rating equal to switch ratings, suitable for fuses specified. 

	2.2 Fuses 
	.1 All fuses to be 100,000 A (minimum) interrupting capacity of the current limited type.  In addition, fuses feeding motors to be of the time delay type.  Provide one full set of spare fuses, three for each different ampere rating used, stored in suitable enclosure. 


	3. EXECUTION 
	3.1 Disconnect Switches 
	.1 Mounting:  Provide supports independent of conduits.  Wall mount where possible, otherwise provide Unistrut frame support.  Where switches are grouped mount in uniform arrangement. 
	.2 Wiring:  Connect line and load cable to all switches. 
	.3 Fuse Rating:  Install so that rating is visible. 
	.4 Identification:  Provide lamacoid plate in accordance with Section 16010 – Electrical General Requirements, on each switch showing voltage, source of supply and load being fed, for example: 
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	1. GENERAL 
	.1 Provide enclosed dry type transformers 600 V primary to 120/208 V. 
	.2 Product Data - 3 Phase, 4 Wire Secondary 
	.1 Submit product data in accordance with Section 16010 – Electrical General Requirements. 

	.3 Transformers to conform to CSA C57.12 and L2 standards, and are to be approved to CSA Code Part 2, Standard C22.2, No. 47 and CSA C9. 

	2. PRODUCTS 
	2.1 Transformers 
	General:  Dry type, air cooled, self ventilated.  Enclosures to be EEMAC 1 type, code gauge steel, complete with ventilating openings, access panels, mounting brackets, and solderless primary and secondary cable connectors.  Enclosures to have zinc chromate prime coat and enamel finish coat per Section 16010 – Electrical General Requirements.  Transformers to be single or three phase as noted on the Drawings.  Dry type transformers shall be Westinghouse, FPE, or approved equal. 
	.2 Design 
	.1 Type:  ANN 
	3 phase, 15 and 30 kVA as indicated, 600 V input, 120/208 V output, 60 Hz. 
	.3 Voltage primary taps:  2.5% Full capacity above and below normal 
	.4 Insulation:  Class. 
	.5 Basic Impulse Level (BIL):  10 kV B.I.L. 
	.6 Hipot:  4 kV 
	.7 Average Sound Level:  To meet the local municipal & building codes and meet at minimum the  following criteria: 45 dB max. up to 45 kVA 
	.8 Impedance at 170°C: 6.0% max. up to 112½ kVA 
	.9 Enclosure:  EEMAC 1, removable metal front panel 
	.10 Mounting:  Up to 45 kVA suitable for wall or floor mounting and above 45 kVA suitable for floor mounting unless otherwise shown 
	.11 Finish:  In accordance with Section 16010 – Electrical General Requirements. 
	.12 3 Phase Windings:  Arrange with three primary windings connected in delta and three secondary windings connected in wye. 
	.13 Max. Winding Temperature:  150°C rise with temperature continuous full load 
	.14 Max. Lead Connection:  55°C rise with temperature continuous full load 


	Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	Label Size:  7 


	3. EXECUTION 
	3.1 Installation 
	.1 Mount dry type transformers up to 45 kVA as indicated on Drawings. 
	.2 Ensure adequate clearance around transformer for ventilation 
	.3 Install transformers in level upright position. 
	.4 Remove shipping supports only after transformer is installed and just before putting into service. 
	.5 Loosen isolation pad bolts until no compression is visible. 
	.6 Make primary and secondary connections in accordance with wiring diagram. 
	.7 Mount transformers as indicated on Drawings and connect primary, secondary, neutral and ground conductors.  Provide brackets and bolts for wall mounted transformers.  Ensure all transformers have good ventilation. 
	.8 Do not use permanent distribution system dry type transformers for temporary power distribution without permission for the Contract Administrator. 
	.9 Mount transformers to reduce direct and transmitted noise.  Mount core and coils of transformers on vibration and sound absorbing pads. 
	.10 Record secondary voltage when transformers are carrying approximately 75% of full load.  Adjust tap connections to give a continuous secondary voltage of 120 V phase to neutral.  Set tap connections for above 120 V rather than below. 
	.11 Connections to transformers shall be in flexible conduit and shall enter the enclosure below the coils. 
	.12 Before energization, keep transformers or storage room enclosures above 10°C ambient. 
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	GENERAL 
	1.1 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 16010 – Electrical General Requirements. 
	.2 Drawings to include electrical detail of panel, branch breaker type, quantity, ampacity and enclosure dimension. 

	2. PRODUCTS 
	2.1 Panelboards 
	.1 Panelboards: product of one manufacturer. 
	.1 Install circuit breakers in panelboards before shipment. 
	.2 In addition to CSA requirements manufacturer's nameplate must show fault current that panel including breakers has been built to withstand. 

	250 V panelboards: bus and breakers rated for 10 kA (symmetrical) interrupting capacity or as indicated. 
	600 V panelboards: bus and breakers rated for 10 kA (symmetrical) interrupting capacity or as indicated. 
	.4 Sequence phase bussing with odd numbered breakers on left and even on right, with each breaker identified by permanent number identification as to circuit number and phase. 
	.5 Panelboards: mains, number of circuits, and number and size of branch circuit breakers as indicated. 
	.6 Two (2) keys for each panelboard and key panelboards alike. 
	.7 Copper bus with neutral of same ampere rating as mains. 
	.8 Mains: suitable for bolt-on breakers. 
	.9 Trim with concealed front bolts and hinges. 
	.10 Trim and door finish: baked grey enamel.  

	2.2 Breakers 
	.1 Breakers: to Section 16477 – Moulded Case Circuit Breakers. 
	.2 Breakers with thermal and magnetic tripping in panelboards except as indicated otherwise. 
	.3 Main breaker: separately mounted on top or bottom of panel to suit cable entry. When mounted vertically, down position should open breaker. 
	.4 Lock-on devices for 10% of 15 A breakers installed as indicated.  Turn over unused lock-on devices to City. 

	2.3 Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	.2 Nameplate for each panelboard size 4 engraved as indicated. 
	.3 Complete circuit directory with typewritten legend showing location and load of each circuit. 


	3. EXECUTION 
	3.1 Installation 
	.1 Locate panelboards as indicated and mount securely, plumb, true and square, to adjoining surfaces. 
	.2 Install surface mounted panelboards on 40mm galvanized U channel. Where practical, group panelboards. 
	.3 Mount panelboards to height specified in Section 16010 – Electrical General Requirements or as indicated. 
	.4 Connect loads to circuits. 
	.5 Connect neutral conductors to common neutral bus with respective neutral identified. 
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	GENERAL 
	1.1 Product Data 
	.1 Submit product data in accordance with Section 16010 – Electrical General Requirements. 
	.2 Include time-current characteristic curves for breakers with interrupting capacity of 22,000 A symmetrical (rms) and over at system voltage. 

	2. PRODUCTS 
	2.1 Breakers General 
	Bolt-On Moulded Case Circuit Breaker:  Quick-make, quick-break type, for manual and automatic operation with temperature compensation for 40°C ambient. 
	Common-Trip Breakers:  With single handle for multi-pole applications. 
	.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 with interchangeable trips as indicated. 

	2.2 Thermal Magnetic Breakers [Design A] 
	.1 Moulded case circuit breaker to operate automatically by means of thermal and magnetic tripping devices to provide inverse time current tripping and instantaneous tripping for short circuit protection. 

	2.3 Magnetic Breakers [Design B] 
	.1 Moulded case circuit breaker to operate automatically by means of magnetic tripping devices to provide instantaneous tripping for short circuit protection 

	2.4 Enclosure for Individually Mounted Breakers 
	.1 Enclosure shall be CSA code gauge galvanized steel, hinged door, front mounted external operating handle, lockable in “off” position, EEMAC-1 unless shown otherwise.  Use EEMAC-12, for industrial application, enclosure for wet environment or as shown “WP” on drawings.  Increase enclosure size above standard for large cables. 
	.2 Where distribution system has grounded neutral conductor, provide neutral bar, with ampere rating equal to breaker/switch rating in enclosure. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install circuit breakers as indicated. 
	.2 Identification:  Provide lamicoid plate on each breaker showing voltage, source of supply and load being fed - 120/208 V, 3 phase, 4W fed from LDP No.1 to Splitter Trough No. 1. 
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	1. GENERAL 
	1.1 Related Work 
	.1 Section 16010 – General Electrical Requirements 
	.2 Section 16471 – Panelboards - Breaker Type 

	1.2 System Description 
	.1 A transient voltage surge suppressor for the protection of downstream electronic equipment connected to the building power supply.  The specified unit shall be compatible with non linear loads and shall provide effective high-energy transient voltage suppression, surge current diversion and high-frequency electrical noise filtering while connected in parallel with a facility’s distribution system.  The filtering unit shall utilize non-linear voltage dependent metal oxide varistors or selenium cells.  The suppression system’s components shall not utilize gas tubes, spark gaps, or silicon avalanche diodes.  The device shall be referred to as a TVSS filter for the purpose of this document and drawings. 

	2. PRODUCT 
	2.1 Operation and Environment 
	.1 Voltage:   The TVSS devices shall be suitable for the voltage and systems configuration as indicated on the single line diagram(s). 
	.2 Maximum Continuous Operating Voltage (MCOV):   The MCOV of the suppressor unit shall be greater than 125% for 120/208 V systems and 115% for 347/600 V systems. 
	.3 Protection Modes:   Transient voltage surge suppression paths shall be provided for all possible common and normal modes (between each line and ground, neutral and ground, line to line and each line and neutral).  The primary suppression path shall not be to ground. 

	2.2 Suppression Component 
	2.3 Filtering 
	.1 TVSS shall contain a high frequency extended range tracking filter. 
	.2 Noise attenuation (45 dB @ 1`00 kHz. 
	.3 Main entrance panel application effective filtering bandwidth - 180 Hz to 50 Mhz.  Branch panel application effective filtering bandwidth - 1 kHz to 50 Mhz.  Plug-in/Cord - Connected Individual Equipment application effective filtering bandwidth - 100 kHz to 100 Mhz. 

	2.4 Panelboard Component (Integrated TVSS Panel) 
	.1 Main Bus:  The device shall have a copper, tin plated main bus. 
	.2 Circuit Breakers:  Are to be of the over center toggle mechanism type which use bolt-on connectors to line side panelboard connectors. 
	.3 Panelboard Enclosure:  The panelboard shall be provided in an EEMAC 1 enclosure.  The TVSS/filter status indicators shall be visible without the need to open the panelboard door.  A lockable door shall be provided to limit access to authorized personnel only.  Trim assembly shall be tamper proof.  The trim (doors) shall be finished in grey ASA61 paint. 
	.4 Neutral Bus:  The unit shall be equipped with a copper 100% rated neutral bus, which shall include a sufficient quantity of solderless type lugs to service the total unit circuit capacity. 
	.5 Wiring Gutters:  The integrated TVSS filtering panel shall be equipped with a complete perimeter wiring gutter with a cross-sectional dimensions of not less that 12,200 mm². 
	.6 Safety and Insulated/Isolated Ground Bus:  The integrated filter panel shall have a safety and insulated/isolated ground bus equipped with solderless type lugs of quantity to sufficiently service the circuit loads. 

	2.5 General Features 
	.1 The integrated TVSS panel shall be factory installed and connected to the bus bar. 
	.2 Connectors:  Terminals shall be provided for all the necessary input and output power and ground connections on the TVSS. 
	.3 Enclosure:  The specified system shall be provided in a heavy duty NEMA 12 dust tight enclosure with no ventilation openings for maintenance and branch panel applications.  Indication of surge current module status shall be visible without opening the door. 
	.4 Internal Connections:  All surge current diversion connections shall be by way of low impedance wiring.  Surge current diversion components shall be wired for reliable low impedance connections.  No plug-in component modules, quick disconnect terminals or printed circuit boards shall be used in surge suppression paths. 
	.5 Unit Status Indicators:  Red status indicators shall be provided on the hinged front cover to indicate unit phase status.  The absence of the red light shall reliably indicate that one or more surge current diversion phases have failed and that service is needed to restore full operation. 
	.6 Fuses:  The unit shall utilize internal fuses rated with a minimum interrupting capability of 200,000 A or greater. 
	.7 Identification:  The unit shall include manufacturer’s nameplate, UL rating, and a CSA approval on the exterior enclosure. 
	.8 Testing:   Testing at each unit shall include assurance checks, “Hi-Pot” test at two times rated voltage plus 1000 V per UL requirements, and operation and calibration tests. 

	2.6 Approved Manufacturers 

	3. EXECUTION 
	3.1 Installation 
	.1 Install with Manufacturer’s recommended conductors tapped from the electrical service switchboard conductor system.  Conductors are to be as short and straight as possible.  Input conductors to the TVSS shall be twisted together to reduce impedance during high frequency filtering. 
	.2 An appropriately sized manual safety disconnect shall be supplied and installed before and in line with the TVSS from the electrical service for the purpose of electrically isolating the device from the system should service be required without interrupting the main service.  Coordinate required disconnect ampacity with TVSS manufacturer. 
	.3 The TVSS should be following the Manufacturer’s recommended practices as outlined in the manufacturer’s installation and Maintenance Manual and in compliance with all applicable electrical codes. 
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	1. GENERAL 
	1.1 Work Included 
	.1 Supply and Install lighting fixtures complete with lamps, ballasts and all necessary fittings. 

	1.2 Code Requirements 
	.1 Installation of lighting equipment to conform to Section 30, Canadian Electric Code, Part 1, and as amended or supplemented by provincial, municipal or other regulatory agencies having jurisdiction. 

	1.3 Shop Drawings 
	.1 Submit a complete list of the types of lighting fixtures, lamps, ballasts and accessories with catalogue illustrations, data sheets, etc. for review.  Bind in a suitable booklet and keep one copy of this booklet at the jobsite at all times.   
	.2 Submit complete photometric data, based on actual fixtures proposed for the Work.  Substantiate brightness and efficiency requirements.  Photometric data must be produced by a recognized independent laboratory. 

	1.4 Manufacturer's Operational Test 
	.1 Test fixtures for acceptance of lamp made to maximum tolerance as required in ANS standards listed in 16.4 3. 
	.2 Test fixtures with rated lamps for starting and operation. 
	.3 Check wiring for agreement with design circuit. 
	.4 Test for short circuits and improper grounds. 
	.5 Test operation of fixture and lamp with ballast. 

	1.5 Samples 
	.1 Provide samples of all fixtures, lamps, ballasts and accessories when requested. 
	.2 If directed, set up these fixtures on or near site, to show co ordination of fit with ceiling and other equipment i.e., mechanical air diffuser assemblies, wiring channels, brackets, davits and standards.  Retain fixture design, if approved, at the site as a control standard.  If submitted fixtures are disapproved, resubmit after revision for further field tests until approval is given. 
	.3 Install one or more sample fixtures in a mock up of specified ceiling.  Pay all costs associated with work of this trade in connection with construction of mock up, installation and connection of fixtures, lamps, ballasts and accessories. 

	1.6 Lamps Used for Temporary Lighting 
	.1 Fluorescent lamps may be used for temporary light and lamps used for this purpose will be accepted when the project or portions of the Work are turned over to the City.  Spot relamp faulty or burned out lamps prior to this acceptance, without additional cost to City. 
	.2 Metal halide, sodium, incandescent and quartz lamps are not to be used for temporary lighting, unless all lamps so used are replaced with new lamps immediately prior to completion at no additional cost to City. 

	2. PRODUCTS 
	.1 Provide, wherever possible, commercially available stock lighting fixtures meeting specified requirements and as shown on the Drawings. 
	.2 Different fixtures may be supplied by different manufacturers.  Similar fixtures shall be supplied by the same manufacturer. 
	.3 Provide only lighting fixtures which are structurally well designed and constructed and which use new parts and materials of highest commercial grade available.  Unless otherwise specifically noted, fixtures shall be of the quality stated in the manufacturer's catalogues and data sheets. 
	.4 Refer to related sections for details of fixtures and accessories. 
	.5 Use self aligning ball joint hangers for rod suspended fixtures. 
	.6 Use cadmium plated chains for suspended fixtures in unfinished areas. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install fixtures in accordance with the Manufacturer's requirements, code requirements, and as shown on the Drawings. 
	.2 Confirm compatibility and interface of other materials with luminaire and ceiling systems.  Examine the room finish schedule and reflected ceiling drawings.  Report discrepancies and defer ordering until clarified. 
	.3 Supply plaster frames, trim rings and backboxes to other trades as the work requires. 
	.4 Ground lighting equipment to a separate grounding conductor. 
	.5 Co ordinate with other trades to avoid conflicts between luminaires, supports and fittings and mechanical and structural equipment. 

	3.2 Workmanship 
	.1 Completely clean all glassware, lamps, and hangers.  Polish metal parts before completion. 
	.2 Provide suitable extension couplings for row mounted fixtures. 
	.3 Protect fixtures, hangers, supports, fastenings and accessory fittings at the site prior to and during installation.  Unless fixtures are erected immediately, after delivery to Site, deliver in original cartons or enclosed in air tight plastic wrapping.  Store in a dry and secure space on Site.  Protect hangers, supports, fastenings and accessory fittings against corrosion.  Take care during installation to ensure that insulation and corrosion protection is not damaged. 
	.4 Fixtures which show evidence of corrosion, rough handling, scratching of finishes, etc. are to be replaced with new fixtures at no additional cost. 
	.5 Install recessed fixtures to permit removal from below, for access to outlet or prewired fixture box. 
	.6 Hang and mount fixtures to prevent distorting fixture frame, housing, sides or lens frame, and permit correct alignment of several fixtures in a row. 
	.7 Support fixtures as shown on Drawings, level, plumb and true with structure and other equipment in horizontal or vertical position as intended.  Install wall or side bracket mounted fixture housings rigidly and adjust to a neat flush fit with mounting surface. 
	.8 Adjust length of hangers of suspended fixtures to hang fixture bodies level and in same horizontal plane, unless shown otherwise on Drawings. 
	.9 Install ceiling canopies to cover suspension attachments and fit tightly to ceiling without restricting alignment of hanger. 
	.10 For recessed fluorescent fixtures mounted in suspended ceiling with exposed tee bar grid system, support by the ceiling tee bar grid structure.  Provide any additional support necessary for oversize fixtures, or to meet code requirements.   
	.11 Metal inserts, expansion bolts or toggle bolts which do not carry wiring shall be accurately located in relation to outlet boxes, for perfect alignment and spacing of suspension stems or other hangers.   
	.12 For remote mounted ballasts, supply mounting board and space ballasts in accordance with Manufacturer's directions.  Size wiring from ballasts to remote fixtures to meet Manufacturer's requirements.   
	.13 Remove any noisy ballasts from the fixtures and replace at no additional cost to the City prior to completion.   
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	GENERAL 
	1.1 Product Data 
	.1 Submit duct data in accordance with Section 16010 – Electrical General Requirements. 

	1.2 References 
	.1 CSA C860 

	2. PRODUCTS 
	2.1 Standard Units 
	.1 Housing: Molded high impact thermo plastic. 
	Face and back plates: Molded high impact thermo plastic. 
	.3 Lamps:   LED-2W 120 V. 
	.4 Letters: 150 mm high x 19 mm, with 13 mm thick stroke, red on white glass, reading EXIT. 
	.5 Face plate to remain captive for relamping. 
	.6 Universal mounting. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install exit lights. 
	.2 Connect fixtures to exit light circuits. 
	.3 Connect emergency lamp sockets to emergency circuits. 
	.4 Ensure that exit light circuit breaker is locked in on position. 
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	1. GENERAL 
	1.1 Description of System 
	.1 System to consist of: 
	.1 Rectifier cubicle 
	.2 Inverter cubicle 
	.3 Battery cubicle 
	.4 Bypass switch cubicle 
	.5 Controls and meters 

	.2 System to use normal power supply mains and battery to provide continuous, regulated AC power to isolated load. 
	.3 Equipment to operate continuously and unattended. 
	.4 Ensure that UPS is compatible with equipment that it feeds. 

	1.2 Shop Drawings 
	.1 Submit shop drawings in accordance with Section 01300 – Submittals. 
	.2 Include: 
	.1 Outline sketch showing arrangement of cubicles, meters, controls, recommended aisle spaces, battery rack, battery arrangement and dimensions. 
	.2 Shipping weight. 
	.3 Schematic diagram showing interconnection of rectifier, inverter, battery, bypass switch, meters, controls and indicating lamps. 
	.4 Description of system operation, referenced to schematic diagram, for: 
	.1 Manual control during initial start-up and load transfer to bypass and back to inverter output. 
	.2 Inverter. 
	.3 Bypass. 

	.5 System performance and reliability: 
	.1 Consider any deviation from the required output power waveform as a failure in the UPS and include an estimate, with supporting calculations, of the Mean Time Between Failures (MTBF) expressed in hours. 
	.2 Provide an estimate with supporting data for the Mean Time to Repair factor (MTTR). 

	.6 Full load kVA output at 0.8 power factor. 
	.7 Efficiency of system at 25%, 50%, 75% and 100% rated load. 
	.8 Type of ventilation: natural or forced. 
	.9 Battery: 
	.1 Number of cells. 
	.2 Maximum and minimum voltages. 
	.3 Type of battery. 
	.4 Type of plates. 
	.5 Catalogue data with cell trade name and type. 
	.6 Size and weight of each cell. 
	.7 Cell charge and discharge curves of voltage, current, time and capacity. 
	.8 Derating factor for specified temperature range. 
	.9 Nominal ampere hour capacity of each cell. 
	.10 Maximum short circuit current. 
	.11 Maximum charging current expected for fully discharged condition. 
	.12 Recommended low voltage limit for fully discharged condition. 
	.13 Expected life. 

	.10 Inverter: 
	.1 Type and catalogue number. 
	.2 DC current at minimum battery voltage to produce full load AC output. 

	.11 Rectifier: 
	.1 Type and capacity, with catalogue number. 
	.2 Battery charging sequence. 
	.3 Current-time data for SCR protective devices. 
	.4 Guaranteed noise level. 
	.5 Estimated life. 
	.6 Metering. 
	.7 Alarms. 

	.12 Manufacturer's field experience with uninterruptible power systems of similar ratings including engineering expertise, manufacturing facilities and listing of UPS units manufactured and installed during last five (5) years including model, customer, location and installation dates. 
	.13 Heat losses at no load, 25%, 50%, 75%, and 100% of rated output, in kW. 
	.14 Cooling air required in m3/s. 
	.15 List of recommended spare parts, tools and instruments with catalogue numbers and current prices. 
	.16 Typical O&M Manual. 
	.17 Description of factory test facilities. 
	.18 Manufacturer's maintenance capabilities including: 
	.1 Willingness to undertake maintenance contract. 
	.2 Number of trained personnel available. 
	.3 Location of trained personnel and repair facilities. 



	1.3 Operation and Maintenance Data 
	.1 Provide data for incorporation into O&M Manual specified in Section 01300 –Submittals. 
	.2 Submit interim copies to Contract Administrator prior to notification of factory test date. 
	.3 O&M Manual to include: 
	.1 O&M instructions concerning design elements, construction features, component functions and maintenance requirements to permit effective operations maintenance and repair. 
	.2 Technical data: 
	.1 Characteristic curves for automatic circuit breakers and protective devices. 
	.2 Project data. 
	.3 Technical description of components. 
	.4 Parts lists with names and addresses of suppliers. 



	1.4 Maintenance Materials 
	.1 Provide maintenance materials in accordance with Division 1 – Maintenance Materials, Special tools and spare parts 
	.2 Include: 
	.1 Four (4) sets of each type and size of fuses used. 
	.2 Four (4) sets indicating lamps. 
	.3 Spare parts provided. 


	1.5 Care, Operation, and Start-Up 
	.1 Arrange with Contract Administrator: 
	.1 For Manufacturer’s Rep to provide support start-up of system, checking, adjusting and testing on Site. 
	.2 For instruction of O&M personnel on theory, construction, installation, operation and maintenance of system: 
	.1 After installation and during Site testing. 
	.2 At factory during shop testing. 


	.2 Advise on: 
	.1 Expected failure rate of equipment 
	.2 Type of expected failures 
	.3 Estimated time between major overhauls based on twenty (20) year equipment life. 
	.4 Estimated cost of major overhaul based on current costs and excluding traveling expenses. 
	.5 Type and cost of test equipment needed for fault isolating and performing preventive maintenance. 


	1.6 Delivery and Storage 
	.1 Crating: 
	.1 Adequately enclosed and protected from weather and shipping damage by use of minimum 12 mm plywood with vapour barrier inside. 
	.2 For tractor train or sea shipment, use double layer of vapour barrier and 19 mm plywood covering. 
	.3 Subassemblies may be packed separately. 
	.4 Label crates: 
	.1 Shipping address. 
	.2 Weight and dimensions. 
	.3 Serial number of unit and brief description of contents. 
	.4 Stenciled with durable paint on at least two sides of each crate. 
	.5 List of contents: 
	.1 In weatherproof envelope stapled on outside of each crate. 
	.2 Copy placed inside each crate. 




	1.7 Source Quality Control 
	.1 Complete system including rectifier, inverter, bypass switch, remote annunciator panel, controls and battery factory tested. 
	.2 Tests: 
	.1 Visual inspection to determine that: 
	.1 Materials, workmanship, and assembly conform to design requirements. 
	.2 Parts are new and free of defects. 
	.3 Battery and components are not damaged. 
	.4 Battery cells are of identical construction. 
	.5 Electrolyte in each cell is at manufacturer's recommended full level. 
	.6 Each battery cell polarity and polarity of connections to inverter is correct. 
	.7 Proper size fuses are installed. 
	.8 Meters have suitable range. 
	.9 Accessories are present. 



	1.8 Extended Warranty 
	.1 The Contractor hereby warrants the battery against defects in material and workmanship in accordance with GC: 13 and D25, but for ten (10) years. This warranty is for 100% replacement for the first year and prorated in equal yearly decreasing increments for the remaining nine (9) years until the expiration of the warranty at the end of ten (10) years from the date of Total Performance. 

	2. PRODUCTS 
	2.1 Uninterruptible Power System 
	.1 Input power: 
	3 phase, 208 V, 3 wire, grounded neutral, 60 Hz. 
	.2 Normal supply from AC mains. 
	.3 Emergency supply from standby automatic diesel-electric unit. 

	.2 Output power: 
	Three phase, 208 V, 4 wire, grounded neutral, 60 Hz. 
	.2 Full load output at 0.8 power factor lagging 5 kVA. 
	.3 Overload capability: 125% of rated full load current at 0.8 power factor and rated voltage for 10 minutes. 
	.4 Frequency - nominal 60 Hz: 
	.1 Adjustable from 58.5 to 61.5 Hz. 
	.2 Maximum variation from set value under load changes, including transients, not to exceed 0.3 Hz. 
	.3 Drift from set value - after two months normal operation within ambient temperature range of 0° to 40°C, not to exceed 0.6 Hz. 

	.5 Duration of full load output after mains failure not less than 15 minutes. 
	.6 Output voltage control: 
	.1 Continuously adjustable on load at least 5% from rated value. 
	.2 Voltage regulation: voltage not to change by more than 2% as load increases gradually from zero to 100%, or for specified duration of full load after mains failure. 
	.3 Transient voltage change not to exceed +/-10% of rated voltage upon 50% sudden load change, loss or return of AC input voltage to system when fully loaded or transfer of full load from inverter to bypass and vice versa, and return to normal within 3 Hz. 
	.4 Harmonics over entire load range: 
	.1 Total rms value not to exceed 5% rms value of total output voltage. 
	.2 Single harmonic not to exceed 3% of total output voltage. 

	.5 Proper angular phase relation maintained within 4 electrical degrees at up to 20% load unbalance. 

	.7 Efficiency: Overall system efficiency at rated load with battery fully charged not less than 75%. 
	.8 Interference suppression: 
	.1 If UPS equipment generates electromagnetic rf interference at levels which adversely affects other equipment in vicinity, install suppression circuits or shielding as required to eliminate such interference. 
	.2 If harmonics reflected back to mains from rectifier adversely affect other loads connected to same bus, install suppression circuits to prevent that condition. 



	2.2 System Performance 
	.1 Normal operation: 
	.1 System operates on mains power when mains voltage is within +/-10% of nominal value and mains frequency is between 59.5 and 60.5 Hz. 

	.2 Battery operation: 
	.1 System transfers automatically to battery operation. 
	.1 When manually selected at control panel. 
	.2 When mains power fails. 
	.3 When mains voltage varies more than 10% from nominal or mains frequency varies more than 0.5 Hz from 60 Hz. 
	.4 When mains power is restored and mains voltage is within 10% of nominal and mains frequency is within 0.3 Hz of 60 Hz, system automatically resynchronizes with mains. 
	.5 Slew rate of frequency during transition period of system output automatically synchronizing with mains and return to its internal frequency to be set between 0.5 to 1.0 Hz per second. 


	.3 Bypass operation: 
	.1 For maintenance purposes, system can be bypassed automatically by manual selection at control panel to connect load directly to AC mains. Transfer without load interruption and leaving inverter energized. 
	.2 Load transfer from mains back to system automatically by manual selection at control panel when maintenance completed. 
	.3 Automatic transfer of load to mains in not more than 1/4 cycle including sensing with inverter left energized but disconnected from load in case of: 
	.1 Inverter overloaded. 
	.2 Short circuit in load. 

	.4 Automatic retransfer of load to system without load interruption when above conditions disappear. 
	.5 Automatic transfer of load to mains in not more than 1/4 cycle including sensing and shutdown of inverter in case of inverter internal malfunctions. 
	.6 Automatic transfer of load to mains without load interruption and inverter shutdown in case of: 
	.1 Over-temperature harmful to system. 
	.2 Loss of forced ventilation. 
	.3 Low voltage of DC supply to inverter. 

	.7 Bypass capable of closing onto and withstanding momentary fault current of 800% of rating for 0.01 s. 


	2.3 System Protection 
	.1 Circuit breakers in system used to isolate it from load and from mains for safe working on equipment, and for manual blocking of bypass automatic control to prevent inadvertent operation of bypass during work on inverter. 
	.2 Automatic circuit breakers and protection included in: 
	.1 AC input to rectifier. 
	.2 Battery input. 
	.3 Bypass circuit input. 
	.4 Inverter output. 

	.3 Surge suppressors: 
	.1 To protect system against supply voltage switching transients. 
	.2 To protect internal circuits where necessary against voltage transients. 

	.4 Current limiting devices, with panel front indication of device operation, to protect inverter SCRs. 
	.5 Suitable devices, with panel front indication of device operation, to protect rectifier diodes. 
	.6 Failure of circuit or component not to cause equipment to operate in dangerous or uncontrolled mode. 

	2.4 Electrical Requirements 
	.1 Bring out test points to protected coded pin jacks at convenient locations to permit testing without hazard, including: 
	.1 Inverter output ahead of output switch, 3 phase and neutral. 
	.2 Mains power 3 phase and neutral. 
	.3 Voltage across each SCR. 
	.4 Points requiring monitoring for on Site alignment, for determination of faulty sub-assemblies or printed circuit cards, including indication of oscillator pulse and operation of voltage control. 

	.2 No battery, other than main battery incorporated in design. 
	.3 Wires number tagged or colour coded with same designation on drawings. Tags: non deteriorating type. 
	.4 Variable resistors: fine adjustment, rheostat type. 
	.5 Phasing marked on input and output terminals, viewed from front of equipment: 
	.1 Left to right. 
	.2 Top to bottom. 
	.3 Front to back. 

	.6 Indicator lamps: long life incandescent or neon, rated for continuous duty, with sockets having adequate heat dissipation of lamps and dropping resistor if used. 
	.7 Solid state circuits used where more reliable than mechanical timers or control relays. 
	.8 Standard components available from commercial sources used throughout, with ten (10) years minimum shelf life. 
	.9 Arrangement to permit easy removal of defective components to facilitate servicing by replacing with stock spares. 
	.10 Small components, related to specific function, removable plug-in modular sub-assembly or printed circuit card. 
	.11 Heavy sub-assemblies easily accessible, or slide on runners of anti-friction material, and have flexible leads and bolted connections. 
	.12 Components and sub-assemblies accurately made for interchangeability. 

	2.5 Enclosure 
	.1 Dead front free standing sheet steel minimum 2.5 mm thick, CSA Enclosure 1A. 
	.2 Access preferably from front only, or from front and rear. 
	.3 Meters, indicating lamps and controls group mounted in panel front. 
	.4 Panel front enclosed by hinged doors to prevent tampering and to protect instruments and controls during shipping.  Doors formed wrap-around type, rigid, to open and close smoothly, locking type handle with two (2) keys.  Hinges to permit doors to be lifted off cubicle. 
	.5 Cubicle height not to exceed 1.8 m. 
	.6 External cable connections at top of cubicle through bolted plate for drilling at Site to suit. 
	.7 Ambient temperature range during operation –20°C to +40°C. Natural or forced ventilation as required. For forced ventilation power from inverter output and fan directly driven by single phase motor mounted on vibration isolators. Each enclosure to have redundant fans, with fan failures alarmed. Air inlet and outlet openings protected with screens and metal guards. 
	.8 Disposable air filters on fan cooled enclosures. Method of attachment and opening locations to make removal convenient and safe. 
	.9 Maximum operating sound level not to exceed 80 db(A) as measured on sound level meter with A weighting and slow response, at a distance of 1.o m. 
	.10 Enclosure frames interconnected by ground bus with ground lug for connection to ground. 

	2.6 Rectifier 
	.1 Input power supply from: 
	.1 AC mains. 

	.2 Input disconnect: bolt-on molded case three pole air circuit breaker, quick make, quick break type for manual or automatic operation, temperature compensated for 40°C ambient, magnetic instantaneous trip element. 
	.3 Isolating transformer: connected between AC input and rectifier input. 
	.4 Surge suppressor: to protect equipment from supply voltage switching transients. 
	.5 Rectifier: 
	.1 Silicon controlled rectifier assembly or sealed silicon diodes. 

	.6 Filter: for rectifier DC output. 
	.7 Fuse: to protect DC output. 
	.8 Meters: 
	.1 DC voltmeter, switchboard type, accuracy +/-2% of full scale, to measure rectifier output voltage. 
	.2 DC ammeter, switchboard type, accuracy +/-2% of full scale, to measure rectifier output current. 

	.9 Adjustments and controls: 
	.1 Line voltage adjusting taps to allow for +/-10% variation from nominal. 
	.2 Manual adjustment of float voltage with range of +/-5%. 
	.3 Manual adjustment of equalizing voltage. 
	.4 Automatic current limiting on rectifier adjustable between 80 and 120% of normal rating. 
	.5 Provision to disconnect rectifier from inverter and battery if rectifier DC output exceeds safe voltage limits of battery. 

	.10 Meters, adjustments, and controls to be grouped on front panel. 
	.11 Performance of rectifier: 
	.1 Automatically maintain battery in fully charged state while mains power available, and maintain DC float voltage within +/-1% of setting, no load to full load, during mains voltage variations up to +/-10%. 
	.2 Battery charging rate such that after battery has provided full load power output for specified duration, charger returns battery to 95% of fully charged state in 4 h. 
	.3 Automatic equalize charging circuit to initiate equalize charging of battery for 24 h after discharge of 5% of ampere hour battery rating. 
	.4 Manually initiated equalize charging feature with automatic timer adjustable from 0 to 24 h to return unit to float charge. 


	2.7 Inverter 
	.1 Input power supply from: 
	.1 Rectifier DC output. 
	.2 Battery DC output. 

	.2 Input disconnect: bolt-on molded case, single pole, circuit breaker, quick make, quick break type, for manual or automatic operation, temperature compensated for 40°C ambient, magnetic instantaneous trip element. 
	.3 Input filter: with separately fused computer grade capacitor banks and indicator lights, to eliminate inverter source noise and restrictions on input cable length. 
	.4 Power stage: high frequency switching type, dual cooled disc type SCR. Components, solid state devices capable of satisfactory operation under ambient conditions of -35°C to +55°C. 
	.5 Logic module: 
	.1 Integrated circuit logic. 
	.2 Silicon semiconductors. 
	.3 Plug-in modules. 
	.4 Gold plated plug-in connector. 
	.5 Front accessible field adjustments for voltage and frequency. 
	.6 Front accessible test points: suitably protected coded pin jacks. 
	.7 Frequency reference module. 
	.8 Current limiting module, automatic high speed by controlled reduction of output voltage. 
	.9 Voltage regulator. 

	.6 Output filter: output of high frequency switching stage contains elements of carrier frequency which are filtered to low harmonic sine wave. 
	.7 Meters: 
	.1 AC voltmeter: switchboard type, accuracy +/-2% of full scale, to measure inverter output voltage with 7 position selector switch to select phase to neutral, phase to phase, off. 
	.2 AC: switchboard type, accuracy +/-2% of full scale, to measure inverter output current with 4 position selector switch to select each phase and off. 
	.3 Wattmeter: switchboard type, accuracy +/-2% of full scale to measure inverter load. 
	.4 Frequency meter: switchboard type, scale 58 to 62 Hz, pointer type, to measure inverter output frequency. 
	.5 Synchroscope: with switch to check inverter output potential against supply mains potential. 

	.8 Output disconnect: bolt-on, molded case, three pole circuit breaker, quick make, quick break type, for manual or automatic operation, temperature compensated for 40°C ambient, magnetic instantaneous trip element. 
	.9 Meters and controls: grouped on front panel. 

	2.8 Battery 
	.1 Battery type and electrical characteristics: 
	.1 Discharge current to supply inverter at full load output, for 15 min. 
	.2 Sealed lead acid. Ten (10) year life. 


	2.9 Static Bypass Switch 
	.1 Two (2) solid state closed circuit automatic transfer switches. 
	.2 Logic unit with three (3) normal source voltage sensors, which monitor over-voltage under-voltage and loss of voltage. 
	.3 High speed automatic transfer from normal voltage to alternate source when: 
	.1 Normal source voltage lost: transfer time and sensing 1/4 cycle. 
	.2 Normal source:  under-voltage at 80% of nominal value adjustable. 
	.3 Normal source:  over-voltage at 110% of nominal value. 
	.4 Loss of normal source static switch continuity. 
	.5 Short circuit on normal source trips normal source breaker. 

	.4 Return to normal source: 
	.1 When normal source remains within return voltage limits of 95% to 110% of nominal value (adjustable) for approximately 1 s timing interval, circuit checks voltage balance and phase synchronization, then initiates return with zero switching time. 

	.5 Switch position lights and contacts. 
	.6 Synchronizing verification light. 
	.7 Manual reset push-button. 
	.1 Transfer test switch. 

	.8 Alternate power source monitor light. 
	.9 Accessories: 
	.1 Manual bypass switch for maintenance and testing without load disturbance. 
	.2 Continuity monitor: automatic transfer to alternate source in event of static switch discontinuity. 
	.3 Alternate power source loss alarm contacts. 


	2.10 Operating Devices 
	.1 Operating Accessories: 
	.1 Counter for number of failures of normal mains AC power: non-reset type, zero to 99,999 operations. 
	.2 Elapsed time meter indicating accumulated time of battery discharge in minutes non-reset type, zero to 99,999.9 minutes. 
	.3 Elapsed time meter indicating accumulated time of inverter operation in hours, non-reset type, zero to 99,999.9 hours. 

	.2 Mode lights mounted on front panel to indicate: 
	.1 AC output on inverter – green. 
	.2 AC input available – green. 
	.3 Inverter and AC input synchronized – green. 
	.4 Inverter and AC input not synchronized – amber. 
	.5 Static bypass switch in bypass position – red.  
	.6 Over-temperature alarms: 
	.1 Rectifier – red. 
	.2 Inverter – red. 
	.3 Bypass switch – red. 

	.7 Cooling fan fuse open – red. 
	.8 Inverter output over voltage – red. 
	.9 Inverter output under voltage – red. 
	.10 Battery over-voltage – red. 
	.11 Battery under-voltage – red. 
	.12 Inverter fuse/breaker open – red. 
	.13 Rectifier fuse/breaker open – red. 
	.14 Static bypass switch fuse/breaker open - red. 
	.15 UPS on battery operation – red. 
	.16 Rectifier in equalize mode – amber. 
	.17 Battery discharging indicator - red, to change from steady to flashing during final 5 to 10 minutes of battery duration. 

	.3 Alarms: audible alarm when any mode light shows red. Silence pushbutton not to extinguish trouble light. 
	.4 Remote status alarm system: 
	.1 Two (2) status alarm annunciators for indication at two (2) remote points, up to 10 m distant. Illuminated nameplates installed in cabinets for flush mounting in existing panels. 
	.2 Transmission cable supplied and installed by Contractor. 
	.3 Transmission distance 30 m. 


	2.11 Finishes 
	.1 Apply finishes in accordance with Section 16010 - Electrical General Requirements.. 
	.2 Cubicles: 
	.1 Inside finish: white. 
	.2 Exterior finish: Manufacturer’s standard colour. 
	.3 Exterior hardware and trim: corrosion resistant and not requiring painting such as stainless steel or aluminum. 


	2.12 Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	.2 For major components such as AC input breaker, inverter breakers, bypass switch: size 4 nameplates. 
	.3 For mode lights, alarms, meters: size 2 nameplates. 

	2.13 Fabrication 
	.1 Shop assemble: 
	.1 Rectifier unit. 
	.2 Inverter unit. 
	.3 Bypass switch unit. 
	.4 Battery rack and battery. 

	.2 Interconnect units, and add remote mode lights, alarms and controls to produce complete uninterruptible power system before requesting Contract Administrator to witness factory tests. 

	2.14 Approved Manufacturers 
	.1 The following are approved manufactures of this equipment 
	.1 Liebert - UPStation S3 
	.2 Powerware 
	.3 APC -  DP330E 
	.4 Powerco 



	3. EXECUTION 
	3.1 Installation 
	.1 Locate UPS cubicles, battery rack and battery as indicated. 
	.2 Assemble and interconnect components to provide complete UPS as specified. 
	.3 Connect AC mains to main input terminal 
	.4 Connect UPS output to load. 
	.5 Start-up UPS and make preliminary tests to ensure satisfactory performance. 

	3.2 Testing 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems and Section 01670 –Commissioning. 
	.2 Provide: 
	.1 Competent field personnel to perform test, adjustments and instruction on UPS equipment. 
	.2 Dummy load adjustable to 150% of system rated output. 
	.3 Notify Contract Administrator ten (10) Business Days in advance of test date. 
	.4 Tests: 
	.1 Inspection of cubicles, battery rack and battery 
	.2 Inspection of electrical connections 
	.3 Inspection of installation of remote mode lights and alarms 
	.4 Demonstration of system start-up and shut-down 
	.5 Run UPS for minimum period of 4 h at full rated load to demonstrate proper operation with AC mains input, emergency generator input, no AC input 
	.6 Discharge battery by operating UPS with AC mains open for specified duration of full load. Record readings of temperature of each cell 
	.7 Recharge battery automatically with full rated load on UPS for 4 h and record readings of voltage of each cell. 



	3.3 Training 
	.1 Provide demonstration and training on equipment operation and maintenance in accordance with Section 01664 – Training and Section 16990 – Electrical Equipment and System Demonstration and Instruction 

	3.4 Extended Warranty 
	.1 The Contractor hereby warrants the battery against defects in material and workmanship in accordance with GC: 13 and D25, but for ten (10) years. This warranty is for 100% replacement for the first year and prorated in equal yearly decreasing increments for the remaining nine (9) years until the expiration of the warranty at the end of ten (10) years from the date of Total Performance. 
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	1. GENERAL 
	1.1 Scope of Work 
	.1 Design, supply and install complete and working fire detection and alarm systems including but not limited to alarm initiating devices, alarm notification appliances, FACP, auxiliary control devices, annunciators and wiring for both the Generator/Electrical building and the Clearwell Inlet building 

	1.2 References 
	.1 The following is a list of standards which may be referenced in this Section: 
	.1 IEEE: C62.41, Surge Voltages in Low-Voltage AC Power Circuits. 
	.2 NFPA: 
	.1 72, National Fire Alarm Code 
	.2 90A, Standard for the Installation of Air Conditioning and Ventilating Systems 
	.3 101, Code for Safety to Life from Fire in Buildings and Structures 

	.3 NEMA 250, Enclosures for Electrical Equipment (1000 Volts Maximum). 
	.4 Telecommunications Industry Association (TIA): 
	.1 232, Interface Between Data Terminal Equipment and Data Circuit Terminating Equipment Employing Serial Binary Data Interchange 
	.2 485, Electrical Characteristics of Generators and Receivers for Use in Balanced Digital Multipoint Systems 

	.5  ULC: 
	.1 S524-M, Standard for the Installation of Fire Alarm Systems 
	.2 S525, Standard for Audible Signal Devices for Fire Alarm Systems 
	.3 S526, Standard for Visual Signal Devised for Fire Alarm Systems 
	.4 S527, Standard for Control Units for Fire Alarm Systems 
	.5 S528, Standard for Manual Pull Stations for Fire Alarm Systems 
	.6 S529, Standard for Smoke Detectors for Fire Alarm Systems 
	.7 S530, Standard for Heat Activated Fire Detectors for Fire Alarm Systems 
	.8 S536, Inspection and Testing of Fire Alarm Systems 
	.9 S537-M, Standard for the Verification of Fire Alarm Systems 
	.10 S541, Standard for Speakers for Fire Alarm Systems 
	.11 S553, Manual Pull Stations for Fire Alarm Systems, Including Accessories 

	.6 UL: 
	.1 217, Single and Multiple Station Smoke Alarms 
	.2 228, Door Closures-Holders, With or Without Integral Smoke Detectors 
	.3 268, Smoke Detectors for Fire Protective Signaling Systems 
	.4 286A, Smoke Detectors for Duct Application 
	.5 464, Audible Signal Appliances 
	.6 497B, Protectors for Data Communication and Fire Alarm Circuits 
	.7 864, Control Units for Fire-Protective Signaling Systems 
	.8 1449, Standard for Transient Voltage Surge Suppressors 
	.9 1480, Speakers for Fire-Protective Signaling Systems 
	.10 1604, Electrical Equipment for Use in Class I and Class II, Division 2, and Class III Hazardous (Classified) Locations 
	.11 1638, Visual Signaling Appliances – Private Mode Emergency and General Utility Signaling 
	.12 1971, Signaling Devices for the Hearing Impaired 



	1.3 Definitions 
	.1 Addressable: A fire alarm system component with a unique identification that can have its status individually identified or that is used to individually control other functions. 
	.2 AHJ: Authority Having Jurisdiction 
	.3 BAS: Building Automation System 
	.4 CAD: Computer Aided Design 
	.5 Coded: Audible or visible signal that conveys information about alarm event.  Examples are, number of rings of a bell or flashes of a strobe.  This could be used to convey location or type of alarm. 
	.6 dB: Decibels 
	.7 DXF: Drawing Interchange Format 
	.8 ECP: Environmental Control Panel 
	.9 FACP: Fire Alarm Control Panel 
	.10 HVAC: Heating, Ventilating, and Air Conditioning 
	.11 I/O: Input/Output 
	.12 LCD: Liquid Crystal Display 
	.13 LED: Light-Emitting Diode. 
	.14 MOV: Metal Oxide Varistor 
	.15 RAM: Random Access Memory 
	.16 SOM: Sequence of Operations Matrix 
	.17 Zone: A defined area within the protected premises.  A zone is an area from which an alarm signal can be received or an area to which a signal can be sent.  

	1.4 Design Requirements: 
	.1 Drawings show location of fire alarm panel, annunciator panel, emergency alarm components, fire suppression system switches.  Other component locations and quantities shall be determined by Contractor and shall be included as part of their design.  This includes, but is not limited to, smoke detectors, heat detectors, manual pull stations, duct detectors, notification appliances. Design and installation shall meet requirements of the local AHJ. 
	.2 Drawings show location of fire alarm system components. 
	.3 Coordinate, and include in design, requirements for interfacing with fuel transfer system. 
	.4 Equipment suitable for addressable fire alarm system. 

	1.5 Performance Requirements: 
	.1 Actuation of alarm (heat detector or other normally open initiating device contact) or trouble (trouble or supervisory switch) shall cause audible and visual indications of alarmed devices on FACP display, and on remote annunciator. 
	.2 Allow for fibre optic connection to master FACP for remote alarm and trouble indication. 
	.3 Actuation of heat detectors in generator room shall shut down fuel transfer system. 

	1.6 Submittals 
	.1 Action Submittals: 
	.1 Descriptive product information for each individual system component including Manufacturer’s name, model number, ratings and power requirements. 
	.2 Dimensional drawings of panels and associated equipment. 
	.3 Itemized bill of material. 
	.4 Operating and programming instructions. 
	.5 Control panel configuration and module data. 
	.6 Complete point to point wiring diagrams of system and device interconnection.  Identify spare connection points. 
	.7 Alarm initiating, indicating, and supervisory device electrical data. 
	.8 Annunciator configuration and module data. 
	.9 Plans showing device and panel locations as well as conduit and cable sizes.  Prepare drawings and diagrams on drawing sheets of uniform size without extraneous information.  Marked up electrical, HVAC, lighting or similar drawings or copies of catalog data sheets are not acceptable in lieu of required drawings or diagrams. 
	.10 Sequence of Operation Matrix. 
	.11 Battery sizing calculations. 
	.12 Supervisory power requirements for equipment. 
	.13 Alarm power requirements for equipment. 
	.14 Power supply rating justification showing power requirements for system power supplies. 
	.15 Voltage drop calculations for wiring runs, demonstrating worst case condition. 
	.16 Conduit fill calculations. 
	.17 Sample warranty. 
	.18 Recommended types and quantities for spare parts. 
	.19  For each system’s control panel, provide written schedule of active and spare addresses provided on each addressable circuit. 

	.2 Informational Submittals: 
	.1 Experience and qualifications of firm(s) proposed to design and install system. 
	.2 Certifications documenting service technician’s training. Certification shall indicate name of individual, training, dates, systems qualified, and current status. 
	.3 Copy of design documents, Shop Drawings, and calculations submitted to code-enforcement authorities. 
	.4 Code-enforcement authority approval letter. 
	.5 Factory test reports. 
	.6 O&M Data as specified in Section 01730 – Operation and Maintenance Manuals. 
	.7 Detailed program and schedule for testing, inspection, and maintenance of fire alarm system that satisfies requirements of ULC S524, NFPA 72, Manufacturer’s recommendations, and AHJ. 
	.8 Written documentation for logic modules as programmed, for system operation, with matrix showing interaction of input signals with output commands. 
	.9 System program hard copy and CD-ROM showing system functions, controls, and labelling of equipment and devices. 
	.10 Documentation of system voltage, current, and resistance readings taken during system installation and testing. 
	.11 System Record Drawings and wiring details including one set of reproducible masters and drawings on CD-ROM in a DXF format suitable for use in a CAD drafting program. 
	.12 NFPA 72, Record of Completion: Submit to Contract Administrator and code enforcement authorities. 
	.13 NFPA 72, Inspection and Testing Form: Submit to Contract Administrator and code enforcement authorities. 


	1.7 Quality Assurance 
	.1 Qualifications: 
	.1 Technician with minimum of Engineering Technologist Certification for fire alarm systems or Professional Engineer registered in Province of Manitoba shall be available on Site. 
	.2 Service technician shall be formally trained by Manufacturer. 

	.2 Regulatory Requirements: Submit Shop Drawings and system design calculations for approval to the following code enforcement authorities. 
	.1 Local and national building codes. 
	.2 AHJ. 


	2. PRODUCTS 
	2.1 Manufacturers 
	.1 Materials, equipment, and accessories specified in this section shall be products of: 
	.1 Siemens Building Technologies 
	.2 Simplex/Grinnell 
	.3 Notifier Fire Systems 
	.4 Edwards Systems Technology 


	2.2 General 
	.1 Material and equipment shall be standard products of their respective manufacturers, and shall be of a model that has been in production for not less than three (3) years.  Equipment shall be supported by a service organization that is, in the opinion of Contract Administrator, reasonably convenient to Site. 
	.2 Contractor shall become familiar with details of Work, verify dimensions in field, and revise conduit and equipment locations to avoid obstructions and allow installation of new equipment. 
	.3 Contractor shall not begin system installation prior to receiving written approval of Shop Drawings from Contract Administrator. 
	.4 Electrical equipment shall be CSA Approved. 

	2.3 UL/ULC Compliance 
	.1 Products manufactured within scope of UL of ULC shall conform to UL/ULC Standards and have an applied UL/ULC listing mark. 
	.2 Equipment shall be UL/ULC listed in accordance with requirements of NFPA. 

	2.4 Service Conditions 
	.1 Altitude: Not greater 260 m above sea level. 
	.2 Ambient Temperature: 
	.1 Maximum 40oC. 
	.2 Minimum 10oC. 

	.3 Equipment shall be fully rated without derating for these conditions. 

	2.5 Posted Operating Instructions (POI) 
	.1 POIs shall be prepared on full size drawing sheets. 
	.2 POIs shall be framed in extruded metal frames, mounted under glass and shall be water/weather resistant. Instructions shall be permanently mounted on reserved wall area in space shown on Drawings. 
	.3 POIs shall include: 
	.1 Facility floor plans showing location of fire equipment and devices with coordinated identification.  Show items such as firewalls, fire dampers, and fire alarm devices. 
	.2 Fire alarm wiring diagrams and schematics, with zone identification and device address list. 


	2.6 Fire Alarm Control Panels 
	.1 General: 
	.1 Control panel circuit for 24 VDC, power limited, initiating circuits per NFPA 70, Article 760. 
	.2 Enclosure: 
	.1 NEMA 250 Type 1 
	.2 Color: Red 

	.3 Internally Mounted Module with: 
	.1 Transformer with 120 VAC input. 
	.2 Solid state rectifier, fuse protected, filtered, and regulated. 
	.3 Solid state transfer switch, minimum 8 amp-hours. 
	.4 Standby batteries sized for system operating period of twenty four (24) hours of standby mode operation. 
	.5 Solid state battery charger. 
	.6 Over/under voltage monitor supervisory circuit. 
	.7 LEDs for status of normal power, battery trouble, and power supply module trouble. 
	.8 Alarm mode of 5 minutes after standby operation. 

	.4 Local differentiating audible sound device for alarm, trouble, and supervisory conditions. 
	.5 Full digital transmission protocol. 
	.6 Addressable signal transmission protocol to be either digital pole/response protocol or proprietary communication protocol, with all antilog sensing device signals digitally transmitted to control panel. 
	.7 Form C output circuitry for remote alarm control panel rated for a minimum of 2.0 amps at 30 VDC. 
	.8 MOV/gas discharge transient protection for power supply module, plus initiating and indicating alarm devices. 
	.9 For addressable systems provide additional 20 percent capacity for future indicating and initiating devices. 
	.10 EMI/RF Protection: 
	.1 Protect control equipment, devices, and wiring against unwanted radiated electro magnetic interference (EMI) and from affects of audio and radio frequencies (RF) that can cause transmission of spurious alarms. 
	.2 System shall be designed and installed so as to be unaffected (with control cabinet faceplates installed) by operation of handheld, portable radios of up to 5 watts, or portable cellular telephones up to 1 watt, within 300 mm of system components. 


	.2 Three-Mode Control Panel: 
	.1 Alarm, supervisory, and trouble modes of operation. 
	.2 Modular construction with solid state microprocessor-based components and central processing unit, continuously scanning each module for status change. 
	.3 Operator Interface Panel: 
	.1 Indicators, control switches, and tone device. 
	.2 LCD or digital display to indicate event type and zone location or LEDs with differentiating color lenses for: 
	.1 AC power on 
	.2 Power trouble 
	.3 System trouble 
	.4 Supervisory alarm 
	.5 Earth-ground trouble 
	.6 Alarm for each zone 
	.7 Trouble for each zone 
	.8 Alarm signaling circuit trouble 
	.9 Annunciator circuit trouble 

	.3 Control Switches for: 
	.1 Alarm silence 
	.2 System reset 
	.3 Trouble signal silence and ring-back feature 
	.4 Municipal connection circuit disconnect 
	.5 Manual evacuation drill 
	.6 Auxiliary one bypass 
	.7 Auxiliary two bypass 

	.4 Piezo-electric tone device with pulsed march time rate for alarm and continuous for trouble conditions. 

	.4 Separate annunciator outputs rated 2 mA supervisory and 120 mAs alarm. 
	.5 Smoke Detector Output: 
	.1 Two or four wire as required, rated 2 A, 24VDC. 
	.2 Interrupted when system is reset. 

	.6 Supervised remote inputs for alarm silence and system reset. 
	.7 Switch Selectable: 
	.1 System diagnostic tests 
	.2 Alarm verification 
	.3 Alarm silence inhibit 
	.4 March time alarm code at cadence of 120 beats per minute 
	.5 Temporal alarm code repeated at ½ second on and off intervals 
	.6 Signal alarm circuit cutout 
	.7 Manual evacuation 
	.8 Selective signaling 

	.8  Four alarms and one trouble, Form C auxiliary/output relays rated 2 A, 30 VDC, 0.5 A, 120 VAC each. 
	.9 Minimum of twelve (12) input zones. 

	.3 Addressable Control Panel: 
	.1 Modular construction with solid state, microprocessor-based components, programmable central processor unit, back lighted display of primary control status and essential alarm operating conditions, and concealed, maintenance, purpose operator’s keypad. 
	.2 Class B Signaling Line Circuits. 
	.3 Class B, Style Y Notification Appliance Circuits. 
	.4 Class B, Initiating Device Circuits. 
	.5 Main control module consisting of operator’s keyboard/keypad, local and remote communications and supervision capabilities, system control memory, and programming interface. 
	.1 Two-line, back lighted, 80 alphanumerical LCD characters with: 
	.1 Visible cursor for entering data information. 
	.2 Displayable when cabinet door is open. 

	.2 Primary operators keypad with: 
	.1 Acknowledge keys and LEDs for system alarm, supervisory service, and system trouble conditions. 
	.2 Power on LED. 
	.3 Alarm silence reset keys. 
	.4 Displayable when cabinet door is closed. 

	.3 Pass code protected action display keypad for: 
	.1 Circuit/device enable or disable 
	.2 Control on/off 
	.3 Test/status 
	.4 Auto or manual 
	.5 Activate/reset 
	.6 Display historical logs/real time 
	.7 Function/menu 
	.8 Program 
	.9 Delete 
	.10 Displayable when cabinet door is open 

	.4 Numerical entry and selection keypad, used in conjunction with action display keypad, to perform control function on system zones, initiating circuits, or auxiliary relays, and to gain access to system information.  Displayable when cabinet door is closed. 
	.5 Programmable control keypad with five pass code keys, associated LEDs, and identification labels for: 
	.1 Manual evacuation 
	.2 Displayable when door is open 

	.6 Four function keys for control of variable functions related to primary operations keypad, displayable when door is open. 

	.6 TIA 485, NFPA 72, Style 4, Style 6, or Style 7 data circuit capability for remote annunciators. 
	.7 Form C relay contacts rated 2 A, 24 VDC. 
	.8 Down loader port for connection to microprocessor-based transponder. 
	.9 Power supply interface module generating digital voltage and current data to LCD with: 
	.1 DC power conversion and output terminals. 
	.2 Supervision and control of power supply. 

	.10 Modules with coded input on first alarm, local trouble LED, and in/out capabilities for: 
	.1 120 addressable initiating alarm sensors consisting of analog/addressable or traditional detector methods. 
	.2 Four hardwired I/O points, field selectable in any combination to be either NFPA 72, Style B or Style D, initiating device circuits or NFPA 72, Style Y or Style Z, indicating appliance circuits or auxiliary control circuits. 
	.3 Auxiliary control circuit contacts shall be single-pole, double-throw, rated 2 amperes at 24VDC and 0.5 A at 120VAC. 

	.11 Auxiliary control circuit contacts shall be single-pole, double-throw rated, 2 A at 24 VDC and 0.5 A at 120 VAC. 
	.12 Two isolated TIA 232 communication port modules. 


	2.7 Central Processing Control Panel 
	.1 Modular construction with solid state, microprocessor-based programmable control processor, printer, operator console, and 10 levels of priorities for staging of system events. 
	.2 Operator Panel: 
	.1 80 character, 2 line, LCD display. 
	.2 Individual keys for location information, silence signal, and detector reset. 
	.3 Lamp test pushbutton with associated LED. 
	.4 Priority and trouble alarm light-emitting diode and associated acknowledge pushbuttons. 

	.3 Examine pushbuttons for “Monitor On” and activating control points. 
	.4 Keyboard consisting of 48 keys labelled with letters, numbers, and options for programming and operational commands. 
	.5 Printer with thermal print head for 20 column record system events produced in 80 column format. 
	.6 Input/output ports as required for TIA 232 communication to local UL listed printer. 
	.7 Selectable alarm verification and distribution processing. 
	.8 Capable of interfacing with remote panels connected to hardwire circuits with: 
	.1 Analog/addressable or traditional detectors. 
	.2 Either normally open or normally closed contacts. 
	.3 Supervised and 24VDC operated fire alarm signaling circuits. 
	.4 Capable of interfacing with NFPA 72, hard-wired, Style B and Style D, initiating device circuits and NFPA 72, hard-wired, Style Y and Z, indicating appliance circuits. 
	.5 Fibre optic network capability. 


	2.8 LED Lighted Annunciator 
	.1 Modular constructed back illuminated, with group mounted LEDs installed in surface mounted cabinet having lockable, full hinged door panel, and red baked enamel finish. 
	.2 Rectangular LED units extending through black modular insert with multiple red LEDs per module, engraved zone identification nameplate above each lamp, group mounted with quick disconnect harness, and attached to door by concealed fasteners. 
	.1 Nameplates: 
	.1 12 mm high by 12 mm wide. 
	.2 Two lines with 11 maximum, 2.4 mm high engraved letters, and spaces per line. 
	.3 Black plate surface with white engraved letters. 


	.3 LED test feature with one test switch mounted on cabinet back plate for group test of LEDs on each module. 
	.4 Remote system reset key switch, trouble assembly consisting of LED, buzzer, and relay and key switch for trouble silence, two-step drill key switches, operating power trouble lamp, and audible tone alarm. 

	2.9 Serial Annunciators 
	.1 Modular constructed with 80 character LCD display and remote command modules installed in surface mounted cabinet having lockable, full hinged door panel, and red baked enamel finish. 

	2.10 Addressable Detector Base 
	.1 Solid state circuitry with integral LED visual alarm, remote LED output, DIP switch or program selectable addressing, and common base receptacle for ionization, photoelectric, and heat detectors.  Device address shall be located in base. 
	.2 Constantly monitors detector status and status changes. 
	.3 Suitable for mounting on standard outlet box. 
	.4 Normally open contacts rated 3 A, for resistive loads. 

	2.11 Individual Addressable Module 
	.1 Solid state circuitry with selectable latch/nonlatch operating conditions and mounting plate. 
	.2 Monitors single and multiple devices with dry contacts. 
	.3 Suitable for installing inside 100 x 100 mm by 64 mm electrical box. 

	2.12 Initiating Device 
	.1 Pull Station, Fire: 
	.1 Constructed of die-cast metal with baked red enamel finish, weatherproof housing, and raised white letters stating “FIRE.” 
	.2 Finished Areas: Flush-mounted with hinged front cover having keyed or allen-wrench reset lock.  Provide surface mounted type in unfinished areas. 
	.3 Where required, rated for use in hazardous environments. 
	.4 Recessed pull handle for single action lift door and pull handle for double action operating station with plastic break rod. 
	.5 Activated station pull handle, latched in protruding position until reset by key. 
	.6 Stations keyed alike with FACP. 
	.7 Normally open, contacts rated 3 A, for resistive loads. 
	.8 Manual Pull Station: Microprocessor-based communication circuit, DIP switch selectable address, and compatible with FACP. 

	.2 Heat Detector: 
	.1 Combination rate-of-rise and fixed, temperature elements with 57oC trip setting, complete with addressable mounting base. 
	.2 Fixed temperature elements with high temperature trip point in generator room, complete with addressable mounting base. 
	.3 Nonrestorable fixed temperature elements self-restoring rate-of-rise temperature elements. 
	.4 Dangling disk indicator for activated fix temperature element LED indicator for activated rate-of-rise temperature element. 
	.5 Attach detector bases on surface mounted octagon boxes. 
	.6 Conceal surface mounted boxes with surface trim skirt. 
	.7 Double-screw terminals for supervised connection. 
	.8  Normally open, contacts, rated 3 amperes, for resistive loads. 

	.3 Intelligent Fire Detectors: 
	.1 Photoelectric and thermal detector software programmable from FACP to match specific hazards and reduce nuisance tripping. 
	.2 Addressable base to be field mounted on octagon box. 
	.3 Software programmable to provide pre-alarm notification. 
	.4 Capable of producing alarm from photoelectric detector, thermal detector, or microprocessor logic. 
	.5 Field cleanable chamber with replaceable chamber components. 
	.6 LED in base to provide status; Pulsed green for normal status, flashing amber for fault or fail condition, and flashing red for alarm. 

	.4 Detector Accessories: 
	.1 Remote test station and power-on indictor with LED alarm indicator and two-position, key-operated switch for air duct smoke detectors. 
	.2 Remote LED alarm indicator. 
	.3 End-of-line device with normally open relay contacts for zone voltage monitoring. 


	2.13 Alarms 
	.1 Audible Alarm: 
	.1 General: 
	.1 Polarized, 24 VDC device with sound power measured dB in accordance with UL 464. 
	.2 Separate in/out wire leads for field connections. 
	.3 Baked red enamel finish. 
	.4 Audibility: In accordance with NFPA 72 and local requirements. 

	.2 Modular Horn: 
	.1 Surface basic unit, complete with projector, designed for mounting on 100 mm square standard electrical box. 
	.2 Manufacturer supplied box with flush grille plate and basic surface unit for recessed horns. 
	.3 Explosion-Proof Horns: Vibrating diode type with sealed wires, and tapped for 20 mm conduit in accordance with UL 1604. 

	.3 Modular Bell: Vibrating basic unit complete with 150 mm gong and outdoor yard hood, designed for mounting on 100 mm weatherproof electrical box. 
	.4 Chime: Vibrating type with field adjustable volume control, designed for mounting on 100 mm square electrical box. 
	.5 Single protection type bell with weatherproof housing, rated for 120 VAC motor, adjustable mounting bracket, and audible output of 115 dB. 

	.2 Visual Alarm, Fire: 
	.1 Polarized, 24 VDC multi candela indicating output per UL 1638. 
	.2 Solid state circuitry for control of xenon flashtube. 
	.3 Tamper-proof, translucent molded, polycarbonate, pyramidal shaped lens with “FIRE” in red lettering visible from 180 degree viewing field; red enclosure. 
	.4 Polarized in/out wiring. 
	.5 Designed for mounting on wall or ceiling as required, single-gauge electrical box, or as part of audible/visible base housing. 

	.3 Visual Alarm, Emergency Alarm: 
	.1 Polarized, 24 VDC, 100 candela indicating output per UL 1638. 
	.2 Solid state circuitry for control of xenon flashtube. 
	.3 Tamper-proof, translucent blue, molded polycarbonate, pyramidal shaped lens with “EMERGENCY” in lettering visible from 180-degree viewing field; blue enclosure. 
	.4 Polarized in/out wiring. 
	.5 Designed for mounting on wall or ceiling as required, single-gauge electrical box, or as part of audible/visible base housing. 

	.4 Audio Visual Alarm: 
	.1 Audible/visible base housing with visual alarm and front mounted horn as specified. 
	.2 Semi-flush mounting on recessed 4 gauge square electrical box or surface mounted on backbox with adapter. 
	.3 Audibility: In accordance with NFPA 72 and local requirements. 
	.4 Synchronous audible/visible output. 

	.5 Bi-Color Warning Lights: 
	.1 Corrosion-resistant metal fixture with green and red globes. 
	.2 24 VDC, LED lamps; green steady, red flashing. 
	.3 UL Listed for wet and outdoor installation. 
	.4 Wall mount design. 


	2.14 Wiring 
	.1 AC power wiring shall meet requirements of Section 16122 –  Wires and Cables 0-1000V. 
	.2 Low voltage wiring shall be solid copper or bunch tinned (bonded) stranded copper, minimum 14 AWG, and shall meet NEC Article 760 for nonpower limited service. 
	.3 Network or addressable loop cables shall be as recommended by manufacturer for installation of their system and UL Listed for Fire Alarm Systems. 

	2.15 Raceways 
	.1 Conduit used for installation of Fire Alarm system shall follow requirements as identified in Section 16111 – Conduit, Conduit Fastenings and Conduit Fittings. 
	.2 Coordinate with Div. 16. 

	2.16 End-of-Line Resistors 
	.1 Ohmic value and power rating as determined by manufacturer based upon number of circuit devices supplied and circuit configuration as installed. 

	2.17 Surge Suppressors 
	.1 TVSS: 
	.1 Provide to suppress voltage transients that might damage fire alarm panel/transmitter components.  Unit shall wire in series to power supply of protected equipment with screw terminations. 
	.2 Unit shall be UL 1449 listed with a 330 V suppression level and have a maximum response time of 5 ns. 
	.3 Unit shall meet IEEE C62.41 Category B tests for surge capacity. 
	.4 Features: 
	.1 Multi-stage construction that includes inductors and silicon avalanche zener diodes.  
	.2 Long life indicator lamp (LED or neon lamp) which extinguishes upon failure of protection components.  Fusing shall be externally accessible when this feature is available. 

	.5 Manufacturer and Product: Edco of Florida, Ocala, FL; Model HSP 121BT2. 



	3. EXECUTION 
	3.1 General 
	.1 Coordinate with other trades for mounting and interfacing with fire alarm system related devices. 
	.2 Install control panels, initiating and alarm devices, conduit, and wiring for interconnection of devices specified herein. 

	3.2 Installation 
	.1 Install and connect fire detection and alarm equipment in accordance with manufacturer’s instructions and recommendations, and in accordance with applicable codes and standards. 
	.2 Mount devices in accordance with Manufacturer’s instructions. 
	.3 Provide outlet and junction boxes that are compatible with raceway system. 
	.4 Mount detector LEDs so they are readily visible from floor. 
	.5 Install conductors in accordance with Section 16122 – Wires and Cables 0-1000V. 
	.6 Install initiating alarm, signal, and communication conductors in separate and independent raceway system. 
	.7 Circuit wiring color-code, as established by Contractor, to be maintained throughout installation. 
	.8 Size conductors in accordance with device manufacturer’s recommendations.  Increase AWG size of alarm conductors, if necessary, to maintain terminal voltage drop within acceptable level required by NEC and NFPA. 
	.9 Detectors shall not be installed until after construction clean up of trades is complete, per requirements of NFPA.  Exception, where required by AHJ for protection during construction, detectors installed prior to final clean-up by trades shall be cleaned or replaced. 

	3.3 Conduit 
	.1 Requirements apply to fire alarm system conduits, electrical enclosures, terminal cabinets, junction boxes, pullboxes, and device backboxes. 
	.2 Conduit systems shall be dedicated to fire alarm system and shall contain no unrelated conductors. 
	.3 Fire alarm system conduits shall be of sizes and types specified under Section 16111 – Conduits, Conduit Fastenings, and Conduit Fittings. 
	.1 Conduit shall be as identified under Section 16111 – Conduits, Conduit Fastenings, and Conduit Fittings.  Flexible metallic conduit may be used for whips to devices only, maximum length 1.8 m, 20 mm diameter minimum.  Set screw type couplings or connectors are specifically prohibited. 
	.2 Size conduits according to conductors contained therein.  Cross sectional area percentage fill for fire alarm system conduits shall not exceed 40 percent. 

	.4 Route and install conduit to minimize potential for physical damage, either mechanical or by fire, and so as not to interfere with existing building systems, facilities or equipment, and to facilitate service and minimize maintenance.  Coordinate installation between different trades to avoid conflicts. 
	.1 Conduit, except flexible conduit whips to devices, shall be solidly attached to building structural members or permanent walls.  Conduit shall not be attached to existing conduit, ductwork, cable trays, other ceiling equipment, drop ceiling hangers/grids or partition walls, except where necessary to connect to initiating, evacuation signalling or auxiliary function devices. 
	.2 Conduit shall be routed either parallel or perpendicular to building structural members. 
	.3 Conduit shall be installed at a height so as not to obstruct any portion of a window, doorway cable tray, stairway or a passageway, and shall not interfere with operation of existing mechanical or electrical equipment. 
	.4 Conduit, junction boxes, pull boxes, terminal cabinets, electrical enclosures and device backboxes shall be readily accessible for inspection, testing, service and maintenance. 
	.5 Conduits shall be arranged to minimize the possibility of water in those conduits draining through control panels. 
	.1 Conduit, except nipples between control panels shall be arranged to enter control cabinets from below. 
	.2 Conduit shall be provided with three, 6 mm drain holes at horizontal low point beneath each control cabinet. 

	.6 Bushings shall be provided at termination of conduit, prior to installation of wire. 
	.7 Install junction boxes as necessary.  Conductors shall be pulled through junction boxes, without splices. 
	.8 Pullboxes shall be installed in each conduit at intervals not to exceed 100 ft. Pullboxes shall be 100 mm square, minimum. 
	.9 Device backboxes and junction boxes shall be sized to accommodate number of conductors contained.  Extension rings or extension boxes are prohibited. 
	.10 Junction boxes, pull boxes, terminal cabinets, device backboxes, and raceways shall be gasketed and weather-tight per requirements of Section 16111 – Conduits, Conduit Fastenings and Conduit Fittings. 

	.5 Conduit, junction boxes, panels, electrical enclosures, relays and device backboxes shall be exposed in unfinished areas.  Conduit and device backboxes shall be concealed in walls, ceiling spaces, electrical shafts or closets, in finished areas, except as noted on Drawings. Exposed conduit penetrations of walls shall be provided with escutcheon plates on either side of the wall. 
	.6 Conduit penetrations of walls, floors and ceilings will be sealed around conduit(s), by other, restoring walls, floors and ceilings to their original condition, fire resistance and integrity. 
	.7 Pull boxes, junction boxes, conduit bodies, and terminal cabinets shall be painted “fire engine red” prior to installation.  Provide touch-up painting, of normally visible pull boxes, junction boxes, and terminal cabinets prior to final acceptance testing. 
	.8 Conduit shall be grounded by approved ground clamps. 
	.9 Mount end-of-line resistors on terminal blocks. 
	.10 Detection and alarm wire shall be installed in separate conduits.  Outgoing and return conductors for each supervised circuit shall be routed in separately as required by NFPA 72.  The minimum separation of outgoing and return conduits shall be 300 mm vertically and 1.2 m horizontally. 

	3.4 Identification 
	.1 Junction, terminal, and pulling box covers shall be painted red and identified with engraved labels by loop number and circuit that it contains. 
	.2 Detection and terminal devices shall have engraved alphanumeric identification that shall be keyed to posted operations and maintenance instructions. 

	3.5 Conductors 
	.1 Requirements apply to fire alarm system conductors, including all signalling line, initiating device, indicating appliance, releasing function, remote signalling, AC and DC power and grounding/shield drain circuits. 
	.2 Conductors shall be: 
	.1 New.  Wire that has scrapes, nicks, gouges or crushed insulation shall not be used. 
	.2 Installed in conduit. 
	.3 Continuous between devices and between devices and intermediary terminal cabinets. 
	.4 Low voltage conductors shall be minimum size No. 14 AWG.  Smaller conductors shall only be permitted where part of a manufacturer’s specific communications cable, i.e. addressable system. 

	.3 Splices in conductors are specifically prohibited. 
	.4 Types: 
	.1 Conductors, except ac power conductors and grounding conductors, shall be solid copper or bunch tinned (bonded) stranded copper. 
	.2 Stranded copper conductors are acceptable for ac power conductors and grounding conductors only. 

	.5 Terminations, including field connections to supervisory resistors, diodes, relays or other devices shall be to numbered terminals or terminal strips and readily accessible for inspection, service, testing and maintenance. 
	.1 Terminations shall be within junction boxes, device backboxes, terminal cabinets, control panels or other suitable metal enclosures. 
	.2 Terminals and terminal strips shall be suitable for the size and number of conductors connected to them. 
	.3 Each conductor termination shall be uniquely numbered with durable plastic tags or uniquely identifiable by a combination of numbers and color codes.  These conductor numbers shall be shown on Contractor’s Record Drawings (floor plans and detailed wiring diagrams) in a manner allowing ready identification of conductor terminations. 
	.4 Wire nuts are prohibited. 
	.5 Where pigtail devices are factory provided with wires too short to be connected to terminal strips (i.e., solenoids), such connections shall be soldered and taped. 

	.6 Control Panel Wiring: 
	.1 Fully dressed and bundled with nylon tie wraps at 75 mm intervals. 
	.2 Bundled wiring shall be routed parallel to terminal strips within control panels, with individual conductors turned out at 90° angles to their associated terminal connections. 
	.3 AC power conductors shall be bundled and routed separately from low voltage conductors.  A minimum 50 mm separation shall be maintained between ac power conductors and low voltage conductors wherever possible. 
	.4 Control cabinets shall be sized to accommodate the requirements of this Section. 
	.5 Control panels shall not be used as raceways.  Conductors that do not terminate within a control panel shall not be routed through that control panel. 

	.7 Conductors shall be separated into the following categories: 
	.1 Low voltage circuits that serve devices. 
	.2 AC power circuits. 

	.8 Each category of conductors shall be installed in physically separated, dedicated conduits, and shall not interface with one another, except at common associated control equipment.  Conductors shall be further segregated as necessary to conform to fire alarm system Manufacturer’s recommendations and as necessary to prevent electrical crosstalk between conductors installed in common conduits. 
	.9 Wiring shall be THHN or TFFN stranded.  Use of multi-conductor twisted pair or similar wiring is not permitted. 
	.10 Install as nonpower limited circuits in accordance with NFPA 72. 
	.11 Conductors looped around terminals are prohibited. 
	.12 Wire nut splices are prohibited. 
	.13 T-tapping of circuits is prohibited. 
	.14 Circuits shall be megger tested to voltage rating of their insulation before final terminations are made. 

	3.6 Overvoltage and Surge Protection 
	.1 Install TVSS for FACP per manufacturer’s requirements. 

	3.7 Repair/Restoration 
	.1 Touch up scratches, mars, and dents, incurred during shipment or installation of equipment. 
	.2 If required because of extensive damage, as determined by Contract Administrator, refinish entire assembly. 
	.3 Keep covers on smoke detectors until areas have been thoroughly cleaned. 

	3.8 Tests and Inspection 
	.1 In accordance with ULC S537 and NFPA 72. 
	.2 Demonstrate entire system meets performance requirements specified in Article System Description. 
	.3 Perform tests in presence of code-enforcement authorities and Contract Administrator 
	.4 Each smoke detector shall be individually field tested prior to installing device at its designated location to ensure reliability after shipment and storage conditions.  A dated log indicating system address, type of device, sensitivity and initials of technician performing test, using test equipment specifically designed for that purpose, shall be prepared and kept for final acceptance documentation. After testing detection devices, base shall be labeled with system address, date, and initials of installing technician.  Labeling shall not be visible after installation is complete. 
	.5 Test wiring runs for continuity, short circuits, and grounds before system is energized. Resistance, current, and voltage readings shall be made as work progresses. 
	.1 Systematic record shall be maintained of all readings using schedules or charts of tests and measurements.  Areas shall be provided on logging form for readings, dates, and witnesses. 
	.2 Notify AHJ and Contract Administrator before start of any required tests.  Correct items found at variance with Drawings or Specification during testing or inspection. 
	.3 Deliver test reports to AHJ and Contract Administrator as completed. 

	.6 Prepare as-built Sequence of Operations Matrix referencing each alarm input to every output function affected as a result of an alarm, trouble, or supervisory condition on that.  In case of outputs programmed using more complex logic functions involving “any”, “or”, “not”, “count”, “time”, and “timer” statements; complete output equation shall be referenced in matrix. 
	.7 Prepare complete listing of device labels for alphanumeric annunciator displays and logging printers prior to acceptance test. 
	.1 Test system wiring to demonstrate correct system response and correct subsequent system operation in event of: 
	.1 Open, shorted, and grounded intelligent analog signaling line circuit. 
	.2 Open, shorted, and grounded network signaling line circuit. 
	.3 Open, shorted, and grounded conventional initiating device circuits. 
	.4 Primary power or battery disconnected. 
	.5 Intelligent device removal. 
	.6 Incorrect device address. 
	.7 Loss of data communications between system control panels. 
	.8 Loss of data communications between system annunciators. 

	.2 Demonstrate system evacuation alarm indicating appliances as follows: 
	.1 Alarm notification appliances actuate as programmed. 
	.2 Audibility and visibility at required levels. 

	.3 System indications shall be demonstrated as follows: 
	.1 Correct message display for each alarm input, at control panel, each remote alphanumeric LCD display. 
	.2 Correct annunciator light for each alarm input, at each annunciator and color graphic terminal. 

	.4 Demonstrate system onsite and offsite reporting functions as follows: 
	.1 Correct alarm custom message display, address, device type, date and time transmitted, for each alarm input. 
	.2 Correct trouble custom message display, address, device type, date and time transmitted, for each alarm input. 
	.3 Trouble signals received for disconnect. 

	.5 Secondary power capabilities shall be demonstrated as follows: 
	.1 Disconnect system primary power for a period of time as specified herein; at end of period, alarm condition shall be created and system shall perform as specified for period as specified. 
	.2 Restore system primary power for forty eight (48) hours and system-charging current shall be normal trickle charge for fully charged battery bank. 
	.3 Check system battery voltages and charging currents at FACP using test codes and LCD displays  


	.8 In the event system fails to perform as specified and programmed during acceptance test, test shall be terminated at discretion of acceptance inspector. 
	.1 Retest system, correcting deficiencies and providing test documentation to acceptance inspector.  
	.2 In event that software changes are required during acceptance test, system manufacturer to compare edited program with original and shall furnish utility program.  Utility shall yield printed list of changes and system functions, inputs and outputs affected by changes.  Items listed by program shall be minimum acceptable to be retested before calling for resumption of acceptance test.  Submit printed list and printer log of retesting before scheduling of acceptance test. 
	.3 Acceptance inspector may elect to require complete acceptance test to be performed again if, in their opinion, modifications to system hardware or software warrant complete retesting. 

	.9 Upon completion of tests, complete and provide the following: 
	.1 NFPA 72, Record of Completion, and Inspection and Testing Form. 
	.2 Certification that final system meets ULC. 


	3.9 Manufacturer’s Services 
	.1 Furnish Manufacturer’s Representative for the following services at Site or classroom as designated by Contract Administrator, for minimum person-days listed below, travel time excluded: 
	.1 Three (3) person-days for installation assistance and inspection. 
	.2 Three (3) person-days for Functional and performance testing. 
	.3 Two (2) person-days for Prestartup classroom or Site training. 
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	GENERAL 
	1.1 References 
	.1 NEMA Contactors and Motor Starters. 

	1.2 Related Work 
	.1 Connections to Mechanical Equipment: Section 16950 – Connections to Mechanical Equipment. 

	1.3 Starter Requirements 
	.1 In general, there are categories of starting equipment for three phase motors. 
	.1 Integral Mounted Starters:  Some items of mechanical equipment such as boilers, have the starter mounted as part of the equipment.  For this equipment, supply disconnects and wire to the terminals of the equipment. 
	.2 Separately Mounted Starters:  For motors without integral mounted starters, supply separately mounted starters as indicated on the Drawings and wire the equipment. 
	.3 Starters in MCC:  For motors fed from motor control centres, wire from the equipment to the motor control centres. 

	.2 Provide manual starters for all single phase motors unless otherwise indicated on the motor schedule. 
	.3 Provide interlocking between starters where required. 
	.4 All starter accessories such as pilot lights, Hand-Off-Auto, Start-Stop, etc. whether integrally or remote mounted shall be heavy duty oil tight, unless otherwise specified. 

	1.4 Shop Drawings and Product Data 
	.1 Submit Shop Drawings in accordance with Section 16010 – Electrical General Requirements. 
	.2 Indicate: 
	.1 Mounting method and dimensions 
	.2 Starter size and type 
	.3 Layout of identified internal and front panel components 
	.4 Enclosure types 
	.5 Wiring diagram for each type of starter 
	.6 Interconnection diagrams. 


	1.5 Operation and Maintenance Data 
	.1 Provide operation and maintenance data for motor starters for incorporation into manual specified in Section 16010 – Electrical General requirements. 
	.2 Include operation and maintenance data for each type and style of starter. 

	1.6 Maintenance Materials 
	.1 Provide maintenance materials and listed spare parts for each different size and type of starter: 
	.1 Three (3) contacts, stationary. 
	.2 Three (3) contacts, movable. 
	.3 One (1) contacts, auxiliary. 
	.4 One (1) control transformer. 
	.5 One (1) operating coil. 
	.6 Two (2) fuses. 
	10% indicating lamp bulbs used. 


	2. PRODUCTS 
	2.1 Materials 
	.1 Starters: to NEMA Standards 

	2.2 Enclosure 
	.1 All individually mounted motor starters shall be enclosed in a general purpose sheet steel enclosure unless in wet areas where they shall be watertight EEMAC 4. 

	2.3 For all motors 22.4 kW and above, the starters shall contain thermistor control relay and accessories. 
	2.4 Manual Motor Starters 
	.1 Manual motor starters of size, type, rating, and enclosure type as indicated, with components as follows: 
	.1 Switching mechanism, quick make and break 
	.2 Overload heaters, manual reset, trip indicating handle 
	.3 Rated volts and poles to suit application. 

	.2 Accessories: 
	Push-button: oil-tight labelled as indicated. 
	.2 Indicating lights: oil tight type and colour as indicated, LED lamps. 
	.3 Locking tab to permit padlocking in "ON" or "OFF" position. 


	2.5 Full Voltage Non Reversing (FVNR) Magnetic Starters 
	Magnetic and combination magnetic starters of size, type, rating and enclosure type as indicated with components as follows: 
	.1 Contactor solenoid operated, rapid action type 
	.2 Motor overload protective device in each phase, manually reset from outside enclosure 
	.3 Wiring and schematic diagram inside starter enclosure in visible location 
	.4 Identify each wire and terminal for external connections, within starter, with permanent number marking identical to diagram. 

	.2 Combination type starters to include motor circuit interrupter with operating lever on outside of enclosure to control motor circuit interrupter, and provision for: 
	Locking in "OFF" position with up to 3 padlocks. 
	.2 Independent locking of enclosure door. 
	.3 Provision for preventing switching to "ON" position while enclosure door open. 

	.3 Accessories: 
	Pushbuttons and selector switches: oil tight labelled as indicated. 
	.2 Indicating lights: oil tight type and red pilot light to indicate energized motor circuit and where called for, green pilot light to indicate de-energized motor circuit.  Pilot lights to be push-to-test transformer type. Lamps shall be LED type 
	.3 In addition to standard, 1-N/O and 1-N/C spare auxiliary contacts unless otherwise indicated. 
	.4 For all starters and components, provide interconnection wiring to Plant SCADA system.  Monitored status includes the following: 
	.1 COA control switch position 
	.2 Motor running status 



	Full Voltage Reversing (FVR) Magnetic Starters 
	Full voltage reversing magnetic starters of size, type, rating and enclosure type as indicated with components as follows: 
	.1 Two - 3 pole magnetic contactors mounted on common base 
	.2 Mechanical and electrical interlocks to prevent both contactors from operating at same time 
	.3 Three smart overload relays with adjustable settings, manual reset. 

	.2 Accessories: 
	Pushbuttons and selector switches: oil-tight labelled as indicated 
	.2 Indicating lights: oil-tight type and color as indicated, LED type lamp 
	.3 Auxiliary control devices as indicated. 


	2.7 Multi-Speed Starters 
	2 speed starters of size, type, rating and enclosure type as indicated. Starter suitable for constant torque, variable torque, or constant kW type motor (as required) and with components as follows: 
	.1 One (1) 3 pole contactor for each winding for separate winding motors. 
	.2 One (1) 3 pole and one (1) 5 pole contactor for each reconnectable winding for consequent pole type motors. 
	.3 Three overload relays with three heater elements and manual reset for each speed. 

	.2 Accessories: 
	Pushbuttons and selector switches: oil-tight labelled as indicated. 
	.2 Indicating lights: oil-tight, type and color as indicated, LED type lamp. 
	.3 Auxiliary control devices as indicated. 
	Automatic sequence accelerating and decelerating relays for each speed. 


	2.8 Control Transformer 
	.1 A control transformer of sufficient VA capacity, dry type, with primary voltage as indicated and 120 V secondary, complete with primary and secondary fuses (HRC Form J), installed in with starter as indicated. 
	.2 Size control transformer for control circuit load plus 20% spare capacity. 

	2.9 Finishes 
	.1 Apply finishes to enclosure in accordance with Section 16010 – Electrical General Requirements. 

	2.10 Equipment Identification 
	.1 Provide equipment identification in accordance with Section 16010 – Electrical General Requirements. 
	.2 Manual starter designation label, white plate, black letters, size 1, engraved as indicated. 
	.3 Magnetic starter designation label, white plate, black letters, engraved as indicated. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install starters, connect power and control as indicated. 
	.2 Ensure correct fuses and overload devices elements installed. 

	3.2 Starter Verification 
	.1 Field check motor starters supplied prior to Performance Verification.  As a minimum, verify the following: 
	.1 Check of control circuits 
	.2 Verify that overload relay installed is correctly sized for motor used 
	.3 Record overload relay size and motor nameplate amperage 
	.4 Visual inspection of fuses and contactors 
	.5 Ensure all connections are tight. 

	.2 Measure and record motor amps, under load conditions and compare with full load amps and motor service factor.  Report any excessive readings and unbalance.  Measure voltage as close to motor terminals as possible while motor is running 
	.3 Set all motor circuit protectors to the minimum level which will consistently allow the motor to start under normal starting conditions. 

	3.3 Overload Relays 
	.1 For starters provided, select overload relays in accordance with relay and motor manufacturers’ recommendations, considering motor service factors, ambient temperature, temperature differences between motor and starter locations.  Monitor motor operation during start-up to ensure motor operation is satisfactory and relays provide proper protection.  For side inlet fans and other long acceleration time loads, provide special overload relays to suite the start-up condition.  Provide manufacturers’ curves and data sheets where necessary to provide supporting data for motor protection. 

	3.4 Field Quality Control 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems and manufacturer's instructions. 
	.2 Operate switches, contactors to verify correct functioning. 
	.3 Perform starting and stopping sequences of contactors and relays. 
	.4 Check that sequence controls, interlocking with other separate related starters, equipment, control devices, operate as indicated. 
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	1. GENERAL 
	1.1 Standards 
	.1 All VFDs shall meet or  exceed the following specifications. 
	.2 Provide a complete inventory (as specified) of spare cooling fans, and fuses, for each VFD supplied. 
	.3 Design the adjustable frequency controller to operate standard squirrel cage induction motor with a 1.15 S.F. or definite purpose motors meeting NEMA MG1 Part 31. 
	.4 Harmonic loading will not exceed a motor service factor of 1.0. 
	.5 Use products complying with IEEE Standard 519. 
	.6 Use VFD units that UL listed and CSA certified. 
	.7 VFD unit to comply with applicable requirements of the latest standards of CSA, ANSI, IEEE and the Canadian Electrical Code. 

	1.2 Tests 
	.1 Factory testing 
	.1 Factory test VFD units prior to shipment.  Provide confirmation from factory of actual tests completed and results. 
	.2 Provide certified copies of production test results required by CSA and EEMAC, prior to acceptance of the equipment. 

	.2 Field testing 
	.1 Employ the VFD Manufacturer’s Rep to provide on Site startup, fine-tuning, Performance Verification, operator training and instruction. 
	.2 Employ the VFD Manufacturer’s Representative to provide Site functionality test reports indicating loading/current levels during testing as well as control point proving results. 
	.3 Have the VFD Manufacturer’s Representative ensure shaft to ground voltages do not exceed 1.5 volts at any speed or load requirement. 
	.4 Allow for all costs and labour for as many trips as necessary to complete requirements. 
	.5 Provide a VFD installation that does not adversely affect the electrical system.  Included in the Contract Documents is information on the electrical system including:  
	.1 Single line drawing 
	.2 Additional information on electrical system layout and load profile 

	The VFD Manufacturer’s Rep can use this information to evaluate the predicted effect of the VFD installation on the electrical system and design input line reactors to mitigate these adverse effects. For the purposes of analysis, the point of common coupling (PCC) will be taken as the secondaries of the main 600 V distribution transformers. 
	.6 In conjunction with the Supplier, conduct a harmonic analysis upon completion of fine tuning and prior to Substantial Performance.  Conduct the harmonic analysis at 50%, 75%, and 100% speed under normal load conditions.  Perform a fourier (FFT) transform analysis spectrum for each waveform covering the fundamental to the 31st harmonic.  Should the waveform analysis indicate that either the input or output voltage and current levels of the VFD(s) exceed NEMA Standards for electric motors and IEEE 519, the VFD supplier to provide, at their cost, all the necessary line filtering equipment to correct the harmonic distortion.  

	.3 Provide certified copies of all production test results required by CSA and NEMA. 

	1.3 Shop Drawings 
	.1 Provide Shop Drawings in accordance with Section 01300 – Submittals. 
	.2 Indicate: 
	.1 Rating: voltage, amperage, maximum horsepower 
	.2 Mounting methods and dimensions 
	.3 Wiring diagram 
	.4 Layout and identification of front panel components 
	.5 Enclosure type 
	.6 Interconnection diagrams 

	.3 The Shop Drawings for each type/size of V.F.D. must be specific to that unit.  A generic shop drawing is not acceptable.  The shop drawings are to include dimensions and physical details of the cabinets, a wiring diagram and a ladder diagram showing both internal connections and terminals for field wiring.  Separate diagrams are required for each VFD/motor functions.  Generic diagrams are not acceptable. 

	1.4 Operation and Maintenance Data 
	.1 Provide O&M data for each size and type of VFD for incorporation into the Maintenance manual as specified in Section 01730 – Operations and Maintenance Manuals. 
	.2 Include:  
	.1 Copy of the approved Shop Drawings 
	.2 Parameter settings and test reports 


	2. PRODUCTS 
	2.1 Variable Frequency Drives 
	.1 VFDs as supplied by one of the following acceptable manufacturers: 
	.1 ABB 

	.2 For variable speed controller, use electronic adjustable frequency and voltage output unit. 
	.3 Use VFD employing a minimum 6-pulse PWM (pulse width modulated) inverter system utilizing Insulated Gate Bipolar Transistors (IGBT) power switching devices and come complete with line reactors or DC link filters. 
	.4 Provide drive rated for continuous duty while operating a NEMA design induction motor of the sizes and operating voltages as shown in the following schedules and indicated on the Drawings.  Size drive output for a 1.0 motor service factor.  Ensure the VFD has a current rating at least 10% in excess of the motor full load amp rating.  Provide overload service factors of 110% for thirty minutes and 135% for one minute, to ensure adequate safety margins.  Base VFD selection on load current at constant torque ratings.  Do not size VFD’s based on variable torque maximums. 
	.5 Use a VFD that has a fixed bridge type converter (PWM) with a minimum of 98% input displacement power factor over a 10 to 100% speed range.  Ensure the efficiency is a minimum of 97% for all inverters when operated at full speed and load. 
	.6 Input voltage - as indicated on motor schedules and drawings (line voltage variation ±10%), based on 347/600 V systems (Not 575v).  Line frequency variation ±5%.  Design so that output voltage varies with motor speed to nominal motor voltage. Speed stability - ±1%.  Select and design drive to match torque characteristic of load. 
	.7 Input frequency setting signal - selective between 4 to 20 mA or 0 to 10 VDC. Output speed monitoring signal - selective between 4 to 20 mA or 0 to 10 VDC. 
	.8 Open copper buswork to be tin plated. 
	.9 Enclosure: 
	.1 Install drive in motor control centres or with individual CSA 1 enclosure, drip proof or Nema 12 as indicated on Drawings.  Provide filters for any forced air cooled enclosures as required by the Manufacturer.  Use VFD(s) suitable for mounting in a typical building electrical room able to operate under these conditions with no special cleaning requirements.  Mount VFD cabinets in such a way that there is adequate room for ventilation and no build up of heat.  Ensure the minimum clearance in front of VFD’s is 1 m. 

	.10 Protective devices to be incorporated are: 
	.1 Fast acting electronic circuit board protective devices for protection of electronic components. 
	.2 Line reactor, DC link or filter in the drive input to protect electronic components from transient voltage conditions. 
	.3 Integral electronic motor overload protection adjustable up to 150% of motor rating for 60 seconds. 
	.4 Overcurrent instantaneous trip 250%. 
	.5 Programmable short-circuit protection. 
	.6 Programmable ground fault protection. 
	.7 Overvoltage/overcurrent DC bus monitor/protection. 
	.8 Undervoltage protection. 
	.9 Loss of phase and phase unbalance protection. 
	.10 Inverter over-temperature protection. 
	.11 Capable of running without motor for startup. 
	.12 Output filter package (as required) to limit motor voltage to 1200 V maximum at motor terminals.  A reflective wave trap mounted at the motor may be used to accomplish this. 
	.13 Longlead (motor feeder) filter package, as required for these installations.  Contractor is responsible to determine where this will be required, at the pre-construction meeting. All motors further than 45 m from the VFD to be considered longlead. 
	.14 Maximum acceptable noise level is 80 dBA at 1 m. 

	.11 Operational features: 
	.1 Provide integral flush mounted display in VFD cover with keypad for programming, monitoring and operating of drive, accessible through password or other acceptable security measure only.  Also provide remote keypads, completely duplicating functions of integral keypads, for all VFD(s). In these cases, locate the remote keypads adjacent to the motor. 
	.2 Fault shutdown and indication. 
	.3 Automatic restart following power outage. 
	.4 Ability to disconnect motor load for setup or trouble. 
	.5 Manual speed control (potentiometer or keypad). 
	.6 Adjustable maximum and minimum speed. 
	.7 Acceleration and deceleration time adjustment. 
	.8 Controller “stop” interlock from a NC dry contact. 
	.9 Drive fault contact. 
	.10 Stop/start push buttons on key pad. 
	.11 Transient voltage protection. 
	.12 Provide three (3) dry “C” type contacts programmable for any combination of the following: 
	.1 Running (output frequency being generated) 
	.2 Fault lockout 
	.3 Stopped 
	.4 At speed 
	.5 Under speed 
	.6 Forward/Reverse 
	.7 Low reference 
	.8 Manual/Auto Mode 
	.9 Local/Remote Mode 

	.13 Soft start sequence. 
	.14 Regenerative braking. 
	.15 Minimum of three (3) skip frequencies.  
	.16 Provide Hand/Off/Auto selector switch. Keypad H/O/A is not an acceptable replacement. 
	.17 Password protection of parameter programming or some method to prevent unauthorized changes.  
	.18 Output speed monitoring signal to be selective between 4 to 20 mA. or 0 to 10 V. 
	.19 Devicebus data communication link. 
	.1 Provide data communication links with various components in the electrical distribution system as specified in various Sections of this Division and as shown on drawings.  The data communication link shall be Modbus TCP/IP. 
	.1 Motor control data communication link. 
	.2 Provide each motor control component (motor starter, VFD) with data communication link capable of communicating with the plant-wide SCADA system.  

	.2 Refer to the following Sections for the functionality of the motor controller communication link: 
	.1 Section 16811 – Motor Starters to 600 V 

	.3 The data communication link selected and used to communicate with the motor controller described above must be identical. 


	.12 Environmental Capabilities:  Select and design the drive to operate without mechanical or electrical damage under any combination of conditions as follows: 
	.1 Ambient temperature -0° to 40°C. 
	.2 Humidity 0 to 90% (non condensing). 
	.3 Vibration up to 0.5 g. 
	.4 Altitude to 1250m. 
	.5 Slight (trace) sulphur environment (H2S) present (less than 1 ppm). 

	.13 Diagnostic and indicating features: 
	.1 Power On indication. 
	.2 Percentage speed indicator. 
	.3 Overload indication. 
	.4 Short circuit indication. 
	.5 Ground fault indication. 
	.6 Overvoltage indication. 
	.7 Undervoltage indication. 
	.8 High temperature (controller). 
	.9 AC voltmeter (output). 
	.10 AC ammeter (output). 
	.11 Inverter ready. 
	.12 Inverter fault. 
	.13 External fault. 

	.14 Cooling System: 
	.1 Provide adequate proven cooling devices for VFD equipment. 
	.2 Ensure any enclosure utilized will not allow a build up of heat. This can be accomplished by use of fans or sufficient guarded filtered openings, or both. 

	.15 Normal Distribution 
	.1 Normal power distribution is subject to voltage surges and sags as a normal condition of operation.  Design and supply with each VFD the required inverter protection such that the VFD will not be stressed or damaged, in the following conditions: 
	.1 Line transients of up to 3,000 V with energy levels of 50 J. 
	.2 Line surges of up to 115% of rated voltage for up to ten (10) cycles.  Based on 347/600 V systems. 
	.3 Line voltage sags down to 85% of rated voltage of up to 1 second duration. 

	.2 Control wiring - TEW 105° C rise. 
	.3 Terminal blocks in separate control enclosures for remote interface - Weidmueller SAK6N. 
	.4 Provide wire markers at both ends of all control wires, Electrovert Type Z. 



	3. EXECUTION 
	3.1 Operations Manual Information 
	.1 Orovide the VFD manufacturer an as built of each motor application.  Motor application data will include at a minimum, the following: 
	.1 Motor manufacturer 
	.2 Class 
	.3 Motor model number 
	.4 Motor serial number 
	.5 Motor frame 
	.6 Motor horsepower (hp) 
	.7 Motor full load amps 
	.8 Motor conductor size 
	.9 Ground conductor 
	.10 Length of conductors from VFD to Motor 
	.11 Motor MCP or fuse and overload 

	.2 Installation 
	.1 Identify mounting requirements and include all materials and labour, including concrete pads for all floor mounted equipment. 
	.2 Install VFD(s) in locations as indicated on drawings, and connect all necessary wiring.  Mount all VFD(s) as close to the motor as possible.  Follow Manufacturer’s recommendations for maximum distance between the VFD and the motor.  The minimum clearance in front of VFD’s is 1m.  See drawings attached.  Where required, install longlead motor package. 
	.3 Extend analog input signal cable, analog speed indicating output cable, shutdown contact and drive fault contact from the drive to the BMS.  Analog cable - No. 16 shielded twisted pair cable.  Run control wiring in conduit separate from VFD supply and motor feeder conduits. 
	.4 Connect all interlocks including (but not limited to) vibration switch, freeze stats, and fire alarms to the VFD. These interlocks will be active in both the Hand (local) or Auto (remote) configurations. 
	.5 Ensure that all control and stop commands shut down the drive as per Manufacture’s recommended procedure (example, ramp to stop, ramp and hold, or coast to stop).  Contactors on the line or load side of the drive are not an approved method of control. 
	.6 Label MCC disconnect switch, VFD and motor isolation switch with proper shutdown procedures as follows: 
	                  “Caution” 
	“* Ensure VFD is stopped before operating this switch” 
	“* Record all faults before resetting” 
	.7 Run motor supply cables/conductors in conduits separate from supply feeders to line side of VFD.  Do not tape or bundle conductors (supply or motor feeders) within the conduits. 

	.3 Field Quality Control 
	.1 Be responsible for complete Performance Verification of each VSD to satisfaction of the Contract Administrator.  Allow for factory representative to completely calibrate all drive circuits after installation on Site. 
	.2 Be responsible to bring factory representative back to reset, repair, and verify proper operation of the VFD during the two year warranty period, if problems arise with the normal operation of the VFD.  This work includes prevention of any motor shaft voltages exceeding 1.5 V when referenced to ground. 

	.4 Variable Frequency Drive Check-list 
	.1 Upon receiving the Notice to Proceed, furnish a VFD check-list that is to be completed and submitted with the VFD Shop Drawings.  An example of the VFD check-list is attached to these specifications. 

	.5 Software 
	.1 Provide VFD programming/troubleshooting software to the City. 
	.2 Provide VFD Parameter list “as programmed during Performance Verification” for each VFD. 

	.6 Equipment Identification. 
	.1 Provide labels/lamacoids on each VFD, MCC disconnect, isolation switch in accordance with Section 16010 – Electrical General Requirements. 
	.2 In addition provide signage as follows: 
	                  “Caution” 
	 “* Ensure VFD is stopped before operating this switch” 
	“* Record all faults before resetting” 


	3.2 Training 
	.1 Provide Demonstration and Training on Equipment Operation and Maintenance in accordance with Section 01664 – Training, and Section 16990 – Electrical Equipment and Systems Demonstration and Instruction. 

	3.3 Extended Warranty 
	.1 The Manufacturer to provide warranty coverage for a period of two (2) years upon Total Performance when the warranty period has commenced. 
	.2 Review specifications of motors for application compatibility.  Obtain and submit written approval from both the motor and VFD suppliers confirming that both pieces of equipment are compatible when used together to maintain the required warranty. 
	.3 Indicate the level of local support detailing response time if a piece of equipment should fail or malfunction.  Include estimated replacement part delivery times, as well as nearest parts depot location and a contact name and phone number.  
	.4 The manufacturer to certify that they are prepared to support the equipment for a period of at least ten (10) years from date of final acceptance 
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	GENERAL 
	1.1 Work Included 
	.1 Control equipment such as (a) pushbutton stations, indicating lights, control and relay panels, are provided under this specification to form complete control system in conjunction with (b) such items as motor control centre, starters, and (c) items provided under Division 15 for example, pressure flow, float, solenoid valves, panels, pneumatic electric switches, transducers, duct and space thermostats [except heating systems]. Some or all of preceding items are interconnected under Part 3 of this specification.  Specify control components and assemblies, relative work and interface between Divisions 15 and 16. Ensure work required to be performed is indicated on layout drawings, diagrams and motor starter and control list. 

	1.2 Shop Drawings 
	.1 Submit Shop Drawings in accordance with Section 16010 – Electrical General Requirements. 
	.2 Include schematic, wiring, interconnection diagrams. 

	2. PRODUCTS 
	2.1 AC Control Relays 
	.1 Convertible contact type: contacts field convertible from NO to NC, electrically held with sliding barrier to permit access to contacts only or coil only, 3-4 poles. Coil rating: 120 V. Contact rating: 120 V, min 3 A. 
	.2 Sealed contact type: electrically held with 3-4 poles and front mounted contact block. Coil rating: 120 V. Contact rating: 120 V, min 3 A. 
	.3 Universal pole type: electrically held with 3-4 poles, convertible from NO to NC by changing wiring connections. Coil rating:120 V. Contact rating: 120 V, min 3 A. 
	.4 Fixed contact type: heavy duty with 3-4 poles. Coil rating: 120 V. Contact rating: 120 V, min 3 A. 

	2.2 Relay Accessories 
	.1 Standard contact cartridges: normally-open - convertible to normally-closed in field. 

	2.3 Sealed Contact Oiltight Limit Switches 
	.1 Lever type switches: roller operated, double pole, double throw. Contact rating: EEMAC B 600. 
	.2 Push type switches: actuated by rod located on tip  or side of operating head, spring return double pole, double throw. Contact rating: EEMAC B-600. 
	.3 Wobble stick cat whisker type switches: actuated by rod  or stick extending from tip of operating head. Moving rod in any direction operates contacts. Double pole, double throw. Contact rating: EEMAC B-600. 
	.4 Lever operated: time delay switch: adjustable time delay from 1/2 s to 15 s plus 25%. Contact rating: EEMAC B-600. 
	.5 Plug-in construction switches: CSA Type 4, lever or push type, contact rating: EEMAC A 600. 

	2.4 Solid State Timing Relays 
	.1 Construction: ac operated electronic timing relay with solid-state timing circuit to operate output contact. Timing circuit and output contact completely encapsulated to protect against vibration, humidity and atmospheric contaminants. 
	.2 Operation: on-delay or off-delay. 
	.3 Potentiometer: self contained to provide time interval adjustment. 
	.4 Supply voltage: 120 V, ac, 60 Hz. 
	.5 Temperature range: minus 20°C to 60°C. 
	.6 Output contact rating: maximum voltage 300 V AC or DC. Current: EEMAC B300. 
	.7 Timing ranges: as required. 

	2.5 Instantaneous Trip Current Relays 
	.1 Enclosure: CSA Type 1 
	.2 Contacts: NO, NC automatic reset with adjustable tripping point. 
	.3 Control: 3 wire, with provision for shorting contacts during accelerating period of motor. 
	.4 Contact rating: EEMAC B600. 

	2.6 Operator Control Stations 
	.1 Enclosure: CSA Type 1, surface mounting: 

	2.7 Pushbuttons 
	Oil tight, operator recessed, or flush, or mushroom type, as required. Black, with 1-NO and 1-NC contacts rated as required. Stop pushbuttons coloured red, provision for padlocking in depressed position. 

	2.8 Selector Switches 
	Maintained or spring return to center position, as required, oil tight, operators standard wing lever, contact arrangement as required, rated 120 V, min 3 A, ac. 

	2.9 Indicating Lights 
	Oil tight, full voltage, LED type, push-to-test, lens colour: as required, supply voltage: 24 V, labels as required. 


	3. EXECUTION 
	3.1 Installation 
	.1 Install pushbutton stations, control and relay panels, control devices and interconnect. 

	3.2 Field Quality Control 
	.1 Perform tests in accordance with Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 
	.2 Depending upon magnitude and complexity, divide control system into convenient sections, energize one section at a time and check out operation of section. 
	.3 Upon completion of sectional test, undertake group testing. 
	.4 Check out complete system for operational sequencing. 
	.5 Submit to Contract Administrator one copy of test results. 
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	1. GENERAL 
	1.1 Related Work 
	.1 Mechanical: Division 15 
	.2 Section 16811 – Motor Starters to 600 V 

	1.2 Requirements 
	.1 Provide a complete system of wiring to motors and controls as specified herein and as shown on the Drawings. 
	.2 Unless specifically noted otherwise, wire and leave in operation all electrically operated equipment supplied under all contracts related to this Contract.  Examine the Drawings and Shop Drawings of all Divisions for the extent of electrically operated equipment supplied under other Contracts. 
	.3 All control wiring diagrams shown on the Drawings illustrate typical control circuits applicable to the equipment.  Control circuits may vary with different manufacturers of equipment.  Verify all control circuits with the Manufacture of the equipment and make any corrections that may be required. 
	.4 Unless specifically noted otherwise, supply all pushbuttons, relays, starters, etc., necessary for the operation of equipment.  Check all starters, relay coils and thermal elements to ensure that they provide the necessary protection for motors. 
	.5 Do not operate motors and controls until approval is obtained from the trade providing equipment. 
	.6 Examine Drawings and Shop Drawings of other Divisions to obtain exact location of motors and equipment shown on Drawings.  Where necessary, obtain conduit locations from other trades' drawings and Shop Drawings. 
	.7 Assist in placing in operation all mechanical equipment having electrical connections. 
	.8 Provide 3 phase starters with fused 120 V control transformers and overload relays. 
	.9 Provide all power wiring for all motors and control wiring as indicated on the drawings. 
	.10 Provide terminations in starters and MCCs for control wiring so that starter control circuits may be extended.  Where 120 V power is required for mechanical equipment, i.e., roll type filters, refrigerated aftercoolers, control cabinets, etc. wiring to the equipment terminals is the Work of this Division. 
	.11 Refer to Motor Control Equipment Schedule. 
	.12 Some specific definitions of equipment wiring responsibilities are as follows: 
	.1 Condenser Water Pumps, Chilled Water Pumps 
	.1 Provide all 120 V and 208 V wiring for this equipment.  Provide all 120 V control wiring to chiller control panel to provide pump operation and interlocking as shown on the Drawings. 

	.2 Fans 
	.1 Provide all 120 V and 208 V power wiring.  Except where specifically noted otherwise, all control for fans is to be supplied, installed and wired from the starter control circuits to the equipment under Division 15.  Fire alarm and smoke detection systems shall be wired to shut down fans by Division 15. 

	.3 Unit Heaters 
	.1 Provide power wiring and starters for unit heater fans.  Install and wire line voltage thermostats supplied by others.  Where thermostats are low voltage or pneumatic, control wiring is under Division 15. 



	2. PRODUCTS 
	2.1 3 Phase Motor Disconnect Switches 
	.1 Industrial Type "A", having quick make, quick break visible blade mechanism, cover interlocks and padlocking switch in the closed or open position.  Use EEMAC 4 enclosures outdoors, and EEMAC 1 indoors switches to be H.P. rated, Westinghouse heavy duty type. 

	2.2 120 V, 1 Phase Disconnect Switches 
	.1 Manual starter without overload relay. 

	2.3 208 V, 1 Phase Motor Disconnect Switches 
	.1 Manual starter without overload relay. 


	3. EXECUTION 
	3.1 Installation 
	.1 Provide disconnect switches adjacent to all motors. 
	.2 Provide all wiring between all force flow and unit heaters and their thermostats.  Install wiring between all flow switches and valve monitors and the fire alarm panel. 
	.3 Do control wiring as indicated on the Drawings. 
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	1. GENERAL 
	1.1 Related Work 
	.1 Section 16980 – Testing, Adjusting and Balancing of Electrical Equipment and Systems. 

	1.2 Coordination 
	.1 Coordinates starting of electrical equipment and systems with testing, adjusting and balancing, and demonstration and instruction of: 
	.1 Electrical equipment and systems specified in Division 16 
	.2 Mechanical equipment and systems specified in Division 15 
	.3 Other equipment and systems specified in other Divisions 

	.2 Where any equipment or system requires testing, adjusting or balancing prior to starting, ensure that such work has been completed prior to starting of electrical equipment and systems. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	3.1 Energizing Main Electrical System 
	.1 Prior to energizing main electrical system: 
	.1 Verify supply voltage and phase rotation. 
	.2 Close and open all devices to ensure proper mechanical operation. 


	3.2 Energizing Equipment 
	.1 Prior to energizing equipment provided under other Sections and equipment provided by the City, confirm equipment nameplate data with characteristics of power supply. 
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	1. GENERAL 
	1.1 Intent 
	.1 Except where otherwise specified, arrange and pay for testing, adjusting, balancing, and related requirements specified herein. 
	.2 If test results do not conform with applicable requirements, repair, replace, adjust or balance equipment and systems.  Repeat testing as necessary until acceptable results are achieved. 
	.3 Provide all labour, materials, instruments and equipment necessary to perform the tests specified. 
	.4 All tests shall be witnessed by persons designated by the City, who shall also sign the test documentation. 
	.5 Submit procedures proposed in writing for approval two (2) weeks prior to test. 

	1.2 Related Work 
	.1 Section 16010 – Electrical General Requirements. 
	.2 Section 16960 – Starting of Electrical Equipment Systems. 

	1.3 Manufacturer's Production Test Records 
	.1 If requested, submit copies of production test records for production tests required by EEMAC and CSA standards for manufactured electrical equipment. 

	1.4 Site Testing Reports 
	.1 Log and tabulate test results on appropriate test report forms. 
	.2 Submit forms to Contract Administrator for approval prior to use. 
	.3 Submit completed test report forms as specified, immediately after tests are performed. 

	1.5 Reference Documents 
	.1 Perform tests in accordance with: 
	.1 The Contract Documents 
	.2 Requirements of authorities having jurisdiction 
	.3 Manufacturer's published instructions 
	.4 Applicable CSA, IEEE, IPCEA, EEMAC, and ASTM standards 

	.2 If requirements of any of the foregoing conflict, notify Contract Administrator before proceeding with test and obtain clarification. 

	1.6 Manufacturer's Site Services 
	.1 Arrange and pay for the site services of qualified Manufacturers’ Representatives where Site testing, adjusting, or balancing of electrical equipment or systems' performed by Manufacturer's Representatives are: 
	.1 Specified, or 
	.2 Otherwise required to ensure that electrical equipment and systems are operational in full compliance with the Contract Documents 


	1.7 Sequencing and Scheduling 
	.1 Except where otherwise specified, perform all testing, adjusting, balancing and related requirements specified herein prior to acceptance of the Work. 
	.2 Perform voltage testing and adjusting after user occupancy or utilization of facility. 

	2. PRODUCTS 
	2.1 Test Equipment 
	.1 Provide all equipment and tools necessary to perform testing, adjusting and balancing specified herein and as otherwise required. 


	3. EXECUTION 
	3.1 Testing of Wiring and Wiring Devices 
	.1 All power and control wiring shall be tested for insulation resistance value with a 1000 V megger.  Resistance values shall be as recommended by cable Manufacturer.  Test results shall be properly tabulated, signed, dated and submitted with maintenance manuals. 
	.2 Test service grounding conductors for ground resistance. 
	.3 Test all wiring devices for correct operation. 
	.4 Test all receptacles for proper polarity and circuitry. 

	3.2 Ground Resistance Testing 
	.1 Measure ground resistance with earth test meter to verify compliance with CSA C22.2 No. 0.4 and Canadian Electrical Code. 

	3.3 Load Balance Testing 
	.1 Perform load tests when as many loads as possible, prior to acceptance of the Work, are operable. 
	.2 Turn on all possible loads. 
	.3 Test load balance on all feeders at distribution centres, MCC, and panelboards. 
	.4 If load balance exceeds 15%, reconnect circuits to balance loads. 

	3.4 Voltage Testing and Adjusting 
	.1 Test voltage at all panelboards. 
	.2 Adjust transformer tap settings to compensate for under-voltage or over-voltage conditions, if directed to do so by Contract Administrator. 
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	1. GENERAL 
	1.1 Intent 
	.1 Provide demonstration and instruction sessions to familiarize City's O&M personnel with electrical systems and their O&M. 
	.2 Submit sign off sheets for each system listed prior to Substantial Performance. 
	.3 Complete a motor survey sheet for each motor and submit prior to Substantial Performance.  Include a control wiring diagram for each motor neatly drawn in ladder form.  Indicate all terminal and wire numbers.  Identify all associated control components.  Provide typed copies of these lists and diagrams in the O&M manuals.  Include motor overload selection charts for each type and application of overload relay. 
	.4 All sign off and survey sheets shall be typewritten. 

	1.2 Manufacturer's Site Services 
	.1 Arrange and pay for qualified Manufacturers’ Representatives to provide or assist in providing electrical equipment and system demonstration and instruction as specified herein. 

	1.3 Contractor/City Coordination 
	.1 The Contract Administrator will chair demonstration and instruction sessions. 
	.2 The Contractor shall establish agendas for demonstration and instruction sessions in conjunction with the Contract Administrator. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION 
	3.1 Systems Demonstration 
	.1 Demonstrate operation of following systems: 
	.1 Primary Distribution and Transformer 
	.2 600/347 V Electrical System 
	.3 208/120 V System  
	.4 Mechanical Equipment Connections and Controls 
	.5 Grounding System 
	.6 Future Connection Points and Conduit Stubs 
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	1. GENERAL 
	1.1 Requirements of Work 
	.1 Supply, install, Verify Performance, provide commissioning assistance, and provide warranty for a complete and fully documented I&C system as shown on the Drawings and specified herein.  The I&C system will form a subsystem of the overall WTP control system and contains City supplied equipment and Vendor Packages as specified in this and other Sections of the Specification. 
	.2 Component subsystems of the I&C system will include, but are not limited to, the following: 
	.1 Primary elements and transmitters 
	.2 Final control elements 
	.3 I&C field devices 
	.4 I&C junction boxes, local control panels, and marshalling panels 
	.5 Instrumentation cabling 
	.6 Instrumentation power supplies 
	.7 Conduit and cable tray 
	.8 PLC based control system 
	.9 Analyzer and transmitter manufacturer’s configuration and programming software 

	.3 The Contractor’s responsibility also includes receiving, un-crating, examining for shortages or damage, assembling, field fitting, installing, mounting, wiring, and testing of City supplied equipment and Vendor Packages. 
	.4 Where packaged, stand-alone control systems are supplied under other Divisions of this Specification, provide cabling to connect to the required remote monitoring and/or controllers.  Provide end-to-end Performance Verification of all required remote monitoring and/or controllers.  Ensure the correct functionality of any equipment supplied under Divisions 15 and 16. 
	.5 Documentation provided by the Contractor shall include as a minimum: 
	.1 Equipment descriptive data. 
	.2 Equipment installation instructions, service manuals, O&M manuals, bills of materials, and recommended spare parts lists. 
	.3 Schematics and interconnection wiring diagrams sealed by a Professional Engineer registered in the Province of Manitoba. 
	.4 Records of conductor identification, field terminals, cable lists, changes, etc. 
	.5 I&C panel Shop Drawings, face layouts, schematics, and point-to-point wiring diagrams sealed by a Professional Engineer registered in the Province of Manitoba. 
	.6 Records of as-built information for the complete instrumentation system. 
	.7 For the PLC based control system, the Contractor shall provide detailed documentation of the system hardware. 

	.6 Documentation provided by the Contractor shall be formatted as follows: 
	.1 P&IDs – Depict the general intent of the control systems and are to be used as the governing document for the scope of Work. 
	.2 Instrument Index – A sorted index of the detailed information for the devices shown on the P&IDs.  The index lists the appropriate support documentation for the devices’ supply and installation.  The instrument index is the controlling document for the supply of materials. 
	.3 I/O Index – A sorted index of the control system I/O points shown on the P&IDs, giving the supporting documentation as per the instrument index. 
	.4 Instrument Specification Sheets – Detail the relevant data for the supply of devices. 
	.5 Instrument Loop Diagrams – Show interconnections and hook-up of devices.  The Contractor is to produce an instrument loop diagram for each device and record all relevant information on each sheet for submission at the completion of the Work.  Fill in all terminal and wiring numbers etc. from the Shop Drawings as they become available.  A set of 'B' size (11" x 17") AutoCAD drawings and associated files will be made available to the Contractor.   
	.6 Location Drawings – Indicate in plan and/or elevation views where the instrument elements are physically located.  These Drawings are provided to assist the Contractor in estimating the amount of cable and ducting required. 
	.7 Standard Details – Provide a reference for installation, operation, and other instructions pertinent to a particular device. 
	.8 Detailed Specification – Lists qualifications, quality of materials and workmanship, and supplementary information. 

	.7 References 
	.1 This Specification contains references to the following documents.  They are a part of this Section as specified and modified.  In case of conflict between the requirements of this Section and those of the listed documents, the requirements of this Section prevail. 
	 Reference Title 
	 API 550 Manual on Installation of Refinery Instruments and 
	   Control Systems, Part I – Process Instrumentation and 
	   Control Section one (1) through thirteen (13) 
	 ASME BPVC-VIII-1-2004 Rules for Construction of Pressure Vessels 
	 ASTM B68-02 Seamless Copper Tube 
	 ASTM D883-00 Terms Relating to Plastics 
	 IEEE 100-00 Dictionary of Electrical and Electronic Terms 
	 ANSI/ISA-7.0.01 1996 Quality Standard For Instrument Air 
	 ISA 5.4-1999 Instrument Loop Diagrams 
	 ISA S18.1-79(1992) Annunciator Sequences and Specifications 
	 ISA S51.1-79(1993) Process Instrumentation Terminology 
	 NEMA 250-2003 Enclosures for Electrical Equipment (1000V Max) 
	 NEMA ICS 1-00(R2005) General Standards for Industrial Controls and Systems 
	 NEMA ICS 2-2000 Industrial Control and Systems, Controllers, Contactors  
	 NFPA 70-2005 National Electrical Code 
	 SAMA PMC 17-10-63 Bushings and Wells for Temperature Sensing Elements 
	 UBC-88 Uniform Building Code 
	 UL 1012-89 Power Supplies 
	 UL 94-06 Tests for Flammability of Plastic Materials for Parts in  
	Devices and Appliances 
	 Weik, Martin H. Communications Standard Dictionary, Van Nostrand  
	Reinhold Co., 1983 

	.8 Related Work 
	.1 Mechanical:  Division 15 
	.2 Electrical:  Division 16 

	.9 Codes, Rules, Permits and Fees 
	.1 Give all required notices, submit Drawings, obtain all permits, licenses, and certificates, and pay all fees required for this Work. 
	.2 Furnish a certificate of final inspection and approvals from inspection authorities to the Contract Administrator. 

	.10 Qualifications 
	.1 The instrumentation Subcontractor shall be a firm normally engaged and fully competent in the type of Work described in this Section of the Specification.  The firm shall have been continuously and successfully engaged in this business for at least five (5) years. 
	.2 Qualified journeyman instrument mechanics that are familiar with the devices being installed shall perform all instrument hook-ups, calibrations, and checkouts. 
	.3 Qualified journeyman electricians shall perform all control wiring installation and connections. 

	.11 Standards of Workmanship 
	.1 Arrange and install products to fit properly into designated building spaces. 
	.2 Install products in accordance with the recommendations and ratings of the product Manufacturers. 
	.3 Supply and execute installation of all instrumentation control tubing in accordance with Section 17140 – Instrument Air Supply and Transmission. 


	1.2 Equipment 
	.1 Receiving, storing, and protection of components during construction: 
	.1 Examine each component upon delivery to Site.  Report all damage noted to the Contract Administrator prior to accepting or rejecting delivery.  All instrumentation primary elements, control components, panels, etc. shall be placed in a secure, dry, heated storage building.  Maintain the space temperature above 10°C and the space relative humidity below 50%. 
	.2 Perform a preliminary examination upon delivery to ensure that: 
	.1 All I&C components supplied for this project under this Section of the Specifications comply with the requirements stated in the instrument specification sheets. 
	.2 All I&C components supplied under other Sections of these Specifications, to be connected to I&C components supplied under this Section of the specifications, comply with the requirements stated in the Contract Documents. 
	.3 Itemize all non-conformities noted above and forward them to the Contract Administrator.  Any delays in construction resulting from the delivery to Site of non-conforming I&C components shall be borne by the Contractor. 
	.4 Do not install primary elements or other sensitive equipment until construction is sufficiently completed to provide an "operating condition" environment.  Notify the Contract Administrator prior to installing any equipment of this type. 
	.5 Ensure that covers where required are properly installed on all equipment.  Provide all covers, padding, guards, etc. as required to guard any equipment against damage. 


	.2 Take all necessary precautions to ensure that equipment is supplied free of damage.  If deemed necessary by the Contract Administrator, damaged equipment shall be replaced with new product at no additional cost to the City.  The Contractor shall bear any costs due to construction delays resulting from the delay in delivery of acceptable equipment. 

	1.3 Documentation 
	.1 Submittals 
	.1 Submit Shop Drawings for all products supplied by this Division.  Submit Shop Drawings for review prior to purchase of any products or equipment and sufficiently in advance to allow ample time for checking. 
	.2 Contractor to review, modify, and approve the Shop Drawings prior to submitting Shop Drawings to the Contract Administrator for review.  Contractor approval of a Drawing indicates the following: 
	.1 The Drawing has been checked by the person making the approval. 
	.2 The equipment or material complies in all respects with the requirements of the Specifications and Drawings. 
	.3 The quantities indicated are correct. 
	.4 The physical dimensions of the components are such that they can be installed without interference with the building structure or other equipment, and after installation, there are sufficient clearances on all sides for maintenance, servicing and operation of the equipment. 
	.5 The points of attachment are clearly indicated, i.e. TOP, BOTTOM, SIDE, etc. 
	.6 The arrangement and location are properly oriented. 
	.7 The product is suitable for its intended use. 
	.8 The submission consists of sufficient information to adequately convey the scope of supply and the specific product to be supplied is highlighted. 
	.9 The submission contains sufficient information to install the equipment or systems. 

	.3 Stamp and sign the Shop Drawing to show approval, indicating the above has been complied with.  If Contractor revisions are too extensive, return the submission to the Manufacturer for revision, then repeat the Shop Drawing approval process before submitting to the Contract Administrator. 
	.4 Manufacture of products shall conform to Shop Drawings marked as reviewed by the Contract Administrator and returned to the Contractor. 
	.5 Keep one (1) complete, maintained set of Shop Drawings at the Job Site during the construction period.  Record modifications and changes as they arise during the construction period and incorporate these changes in the Record Drawings. 
	.6 Refer to Division 1 for further information on Shop Drawing submittals. 

	.2 O&M Manuals 
	.1 Refer to Division 1 for general O&M manual submittal information. 
	.2 In addition to the requirements specified in Division 1, provide the following information: 
	.1 Table of Contents – Arrange contents sequentially by systems under section numbers.  Label tabs of dividers between each to match section numbers in the Table of Contents. 
	.2 Systems Descriptions – A brief synopsis of each system typed and inserted at the beginning of each section.  Include sketches and diagrams where appropriate. 
	.3 O&M instructions of all equipment and controls – These operating instructions need not be Manufacturer’s data but may be typewritten instructions in simple language to guide the City in the proper O&M of this installation. 
	.4 A copy of all wiring diagrams complete with wiring coding. 
	.5 Include type and accuracy of instruments used. 
	.6 Set of final reviewed Shop Drawings. 
	.7 Provide a tabulated list of all consumables utilized (fuses, lamps, etc.) indicating where used, type, rating and reorder details. 


	.3 Record Drawings 
	.1 Maintain On-Site a complete set of Record Drawings. 
	.2 In addition to the requirements stated in Part E12, record the following information on the Drawings: 
	.1 all changes alterations or additions 
	.2 all instrumentation cable and control tubing 
	.3 all changes to the numbers and location of outlets, motors, panels and end devices that may occur during the course of the Work. 

	.3 Before requesting the Certificate of Total Performance, make any necessary final corrections to the Record Drawings, sign each print as a certification of accuracy and deliver all sets to the Contract Administrator for approval. 


	2. PRODUCTS 
	2.1 General 
	.1 Refer to the requirements of Division 1. 
	.2 Selected Products: 
	.1 The design have been based on the use of the first named product where multiple products have been listed. 
	.2 The instrument Manufacturer’s listed within this Division have been compiled into the list of approved instrument Manufacturer’s that is included in the Appendices.  Please refer to Division 11 for process specific analyzers not included in this list. 

	.3 Quality of Products 
	.1 All products provided should be CSA approved, ULC approved where applicable, and new unless otherwise specified. 
	.2 If products specified are not CSA approved, obtain special approval of the relevant provincial regulatory authority.  Pay all applicable charges levied and make all modifications required for approval. 
	.3 Products provided, if not specified, shall be new, of a quality best suited to the purpose required and there use subject to approval by the Contract Administrator . 

	.4 Uniformity of Manufacture 
	.1 Unless otherwise specifically called for in the Specification, uniformity of manufacture to be maintained for similar products throughout the Work. 

	.5 Product Finishes 
	.1 Contractor to specify proposed finishes to be used for Contract Administrator’s review. 

	.6 Use of Products During Construction 
	.1 Any equipment used for temporary or construction purposes is to be approved by the Contract Administrator.  Clean and restore to "as new" condition all equipment prior to the time of Substantial Performance. 


	2.2 Instrumentation 
	.1 General 
	.1 Instruments are to be suitable for the environmental conditions in which they are to be installed. 
	.2 Determine where injurious conditions may be expected to occur and make proper provision to protect the instruments to ensure their proper and reliable operation. 
	.3 Provide power surge protection, heating cables, and devices to protect instruments, equipment, and lines from being functionally impaired or damaged by power surges or environmental conditions such as moisture or freezing. 


	2.3 Identification 
	.1 Refer to Division 16 for general identification requirements.  Provide lamacoid nameplates with 6 mm black lettering on white background.  Identify the loop tag number (where applicable) and the device name, function, and instrument range or setpoint value on the nameplate. 
	.2 Where it is not possible to attach a lamacoid nameplate to a field instrument component, provide the component with a stainless steel metal tag firmly wired to the device and identified with the loop tag number. 
	.3 Identify all wires where they terminate at the marshalling panels, junction boxes, control panels, and field devices with a heat shrink sleeve with machine printed labeling. 
	.4 Clearly mark all panels, pull boxes, junction boxes, etc. to indicate the nature of service. 
	.5 Provide neatly typed circuit directories for panel power distribution systems to indicate loops or devices powered by the circuit and the fuse size. 
	.6 Identify all exposed control conduits at all pull box locations, where the conduits enter or leave a room, and 13 m on centre throughout the room.  This shall apply to conduits above removable ceilings.  Use Thomas & Betts TY-RAP 5532-M labels for conduit identification. 
	.7 For direct current wiring use black for positive and white for negative. 
	.8 For thermistor wiring to motors use red and blue coloured insulated wire. 


	3. EXECUTION 
	3.1 Coordination With Other Divisions 
	.1 Examine the Drawings and Specifications of all Divisions and become fully familiar with the Work.  Before commencing Work, obtain a ruling from the Contract Administrator on any conflicting issues between Divisions.  No compensation will be made for any costs arising from conflict not identified before Work has commenced. 
	.2 Coordinate the Work to be performed under this Section of the Specification with all Divisions installing equipment to ensure that there are no conflicts. 
	.3 Install anchors, bolts, pipe sleeves, hanger inserts, etc. required in ample time to prevent delays to installation Work. 
	.4 Lay out the Work and equipment with due regard to architectural, structural, and mechanical features.  Architectural and structural Drawings take precedence over electrical Drawings regarding locations of walls, doors, and equipment. 
	.5 Structural members shall not be cut without prior approval of the Contract Administrator. 
	.6 Examine previously constructed work and notify the Contract Administrator of any conditions which prejudice the proper completion of this Work. 

	3.2 Product Handling 
	.1 Use all means necessary to protect the products included in this Division before, during and after installation, and to protect products and installed Work of all other trades. 
	.2 Any damage to the products and/or installed Work shall be repaired or replaced to the approval of the Contract Administrator by the Contractor. 
	.3 Remove advertising labels from all products installed that have such labels attached.  Identification or CSA labels are not to be removed. 
	.4 Remove dirt, rubbish, grease, etc. resulting from Work performed under this Division of the Contract from all surfaces. 

	3.3 Separation of Services 
	.1 Maintain separation between the electrical wiring system, piping, ductwork, and the instrumentation cables so that each system is isolated (except at approved connections to such systems) to prevent galvanic corrosion.  In particular, contact between dissimilar metals, such as copper and aluminum, in damp or wet locations is unacceptable. 
	.2 Do not support wiring from pipes, ductwork, etc.  Hangers for suspended ceilings may be used for the support of wiring only when approval is obtained from the Contract Administrator and the ceiling installer, and only if approved clips or hangers are used. 
	.3 Classifications of Circuits 
	.1 The circuit categorization shall of first priority follow Canadian Electrical Code with respect to separation for electrical safety and the following shall apply with respect to electro-magnetic compatibility:

	.4 Separation of Circuits 
	.1 This Section relates to the running of cables carrying differing types of circuit in close proximity to one another and to other services.  Sensitive circuits shall normally be run in overall shielded cable.  Very sensitive circuits shall normally be run in individually twisted pair shielded cable. 
	.2 For cables sharing the same support/containment system, the following shall provide guidance to minimize extraneous interference.


	3.4 Wire and Cable 
	.1 Refer to Section 17124 – Instrumentation Cable. 

	3.5 Equipment Connections 
	.1 Prior to the connection of signal wiring to process control and instrumentation devices, check the device voltage rating and polarity for compatibility with the corresponding loop and/or schematic diagram.  Where device and circuit characteristics are found to be incompatible, the connections are not to be made.  Report the condition immediately to the Contract Administrator. 
	.2 All control wiring diagrams illustrate typical control circuits applicable to the type of equipment specified.  Control circuits may vary with different manufacturer’s equipment.  Verify all control circuits with the Manufacturers of the equipment and make any corrections to the control wiring diagrams that may be required. 
	.3 Provide power disconnect terminals in marshalling panels for all devices and PLC I/O sourced from the panel.  Provide local power disconnect switches for all 120 VAC power instruments.  Mount adjacent the instrument. 
	.4 Provide a disconnecting means in the cable connecting each ultrasonic transponder to the transmitter.  This disconnect shall consist of a terminal strip in a local water proof junction box. 

	3.6 Wiring to Equipment Supplied by Others 
	.1 Equipment supplied by the City or as part of a vendor package, that has external or field mount control devices, are to be installed and wired by this division. The equipments performance will also be verified by this Division. 

	3.7 Access Panels 
	.1 Provide access panels where I&C system junction boxes are concealed.  Panels to be of adequate size for servicing of the concealed junction box and complete with necessary frames and hinged doors held closed with captive fasteners. 
	.2 In removable ceiling areas provide markers on ceiling tile to locate equipment requiring access.  Use a 25 mm diameter blue circle painted on the access panel to indicate that it is for instrumentation and control system access. 

	3.8 Instrument Mounting Stands 
	.1 Supply and install instrumentation mounting stands as required.  Stands are to be either floor or wall mounted.  The mounting stands are to be fabricated from aluminum or galvanized steel. 
	.2 Supply and install protective drip shields for any exterior stand-mounted instrumentation equipment.  The drip shield is to extend 50 mm at the top and sides from the front face of the equipment.  The drip shield is to be fabricated from aluminum. 

	3.9 Sealing of Wall and Floor Openings 
	.1 Seal all conduit and cable entries passing through outside walls of buildings, through partition walls separating electrical rooms from other areas, through fire separations, and through floors above grade. 
	.2 Seal openings after all wiring entries have been completed. 
	.3 Sealing material shall be fire resistant and not contain any compounds which will chemically affect the wiring jacket or insulating material.  Cable penetrations through fire separations, if required, are to be sealed.  Acceptable methods are Canstrut "Fire Stop", Electrovert "Multi Cable Transit" or Dow Corning RTV Silicone Foam. 

	3.10 Sleeves 
	.1 Provide sleeves of galvanized steel pipe with machine cut ends of ample size to accommodate conduits passing through walls, partitions, ceilings, floors, etc. 
	.2 For wall partitions and ceilings the ends shall be flush with the finish on both sides.  For floors, the ends shall extend 100 mm above finished floor level. 
	.3 Fill the space between the sleeve and the conduit with fire stop material and caulk around the top and bottom with approved permanently resilient, non-flammable and weatherproof silicone base compound.  Ensure that the seal is compatible with the floor and ceiling finishes. 
	.4 Locate the sleeves and position exactly prior to construction of the walls and floors. 
	.5 Failure to comply with the above requirements shall be remedied at the Contractor's expense. 

	3.11 Connections to Mechanical, Electrical and Existing Systems 
	.1 Refer to Division 16 for the required tie-in procedures. 

	3.12 Tagging Standards for Devices and Wiring 
	.1 Tag all devices, wires, and I/O using the assigned loop, equipment, or device tag name. Where tag naming and numbering is not specified, the Contract Administrator will provide naming and numbering that is consistent with the WTP naming conventions. 

	3.13 Testing of Instrumentation Loops 
	.1 After all devices within a loop have been connected, check the loop for correct functioning and interaction with other loops, where applicable.  Provide written notice to the Contract Administrator when the loops are going to be tested so that the tests may be witnessed at the Contract Administrator's discretion. 
	.2 Check the operation of final control elements such as solenoid valves, actuators, etc. by manual control before checking with automatic control. 
	.3 Check and simulate all alarms and shutdown functions. 
	.4 Verify the status of all points connected or accessible to the WTP control and monitoring system. 
	.5 Where applicable, test all tubing for leaks in compliance with the ISA RP7.1.  Isolate all instruments when tubing is being tested to protect against over pressure. 
	.6 Perform tests and record results on the test data forms that are included in this Section.  Develop additional and/or more detailed test forms as necessary to suit more complex instrumentation. 
	.7 Sign and date all test reports.  Submit the test reports to the Contract Administrator within five (5) Business Days of testing. 

	3.14 Calibration 
	.1 Instruments are to be factory pre-calibrated.  Verify calibration after installation for all instruments installed under these Specifications.  Provide a printed record of the factory calibration parameters for “smart” devices. 
	.2 Prior to calibration, completely program all “smart” transmitters including entries of the appropriate range and tag number.  Provide a printed record of smart device serial numbers against their assigned tag number. 
	.3 Instruments are to be set up and calibrated by an accredited instrument technician working under the approval of the instrument Manufacturer. 
	.4 Calibrate all instruments to an accuracy of 0.5% of full range, or to the manufacturer’s stated accuracy of the instrument whenever an accuracy of 0.5% is not achievable. 
	.5 Perform the following applicable calibration verification for each instrument and its associated signal conditioning equipment: 
	.1 Calibrate all inline flow meters by a draw-down test. 
	.2 Calibrate all density meters by lab samples. 
	.3 Calibrate all vacuum and pressure instruments by manometer or accurate test instrument and hand test pump. 
	.4 Calibrate gas detectors using standard gas samples. 
	.5 Calibrate temperature instruments against a standard lab thermometer. 
	.6 Online analyzers with known samples. 


	3.15 Test Forms 
	Form No. Title 
	.1   ITR Instrument Test Report. 
	.2   LCR Loop Check Report. 
	 INSTRUMENT TEST REPORT   FORM NO. ITR 
	SYSTEM: ___________________________  ______________________________ 
	SERVICE: ___________________________ TAG NO.: ______________________________ 
	LOCATION: ___________________________  ______________________________ 
	MAKE:  _____________________________ MODEL: ______________________________ 
	SERIAL NO.: _____________________________ CSA: ______________________________ 
	ELEMENT:  _____________________________ RANGE:  ______________________________ 
	DESIGN SETTING/RANGE:  ________________ CONTACT TO:   ____________ ON:  __________ 
	SIGNAL IN:  ___________ OUT: _____________ ASSOCIATED INSTRUMENT:_______________ 
	INSTRUMENT CONDITION: ________________ CONFORM TO SPEC:  ______________________ 
	PROJECT NO: _____________________________ DATA SHEET:  ____________________________
	TEST 1
	TEST 2
	TEST METHOD
	INPUT
	OUTPUT
	INPUT
	OUTPUT
	PROCESS
	INC.
	DEC.
	INC.
	DEC.
	INC.
	DEC.
	INC.
	DEC.
	TEST POINT 1
	TEST POINT 2
	TEST POINT 3
	TEST POINT 4
	TEST POINT 5
	COMMENTS
	GRAPHS
	TESTED BY:  _____________________________ CHECKED BY:  ____________________________________ 
	DATE:  _____________________________ DATE:         ____________________________________ 
	 LOOP CHECK REPORT FORM NO. LCR □               CHECKED OUT OK 
	   □                NOT APPLICABLE 
	   □   FURTHER ACTION REQUIRED 
	 
	INSTRUMENT TAG NO.
	LOOP NO.     _________ 
	SHEET NO.   _________ 
	P & I DWG. NO.  ______ 
	INSTALLATION COMPLETE
	Primary Element.
	Impulse Lines.
	Block and Drain Valves.
	Air Supply/Filter/Reg.
	Wiring.
	Tracing/Insulation/Housing.
	Mounting and Location.
	PLC/SCADA I/O & Status.
	CALIBRATED
	Impulse Lines Press. Tested.
	LOOP CHECKED
	Element to Receiver.
	X Mtr. To Receiver.
	X Mtr./Trans. to Receiver.
	X Mtr./Trans. to Switches.
	Switches to Annunciator.
	Interlocking Circuit.
	Controller to Valve.
	Controller Action D or R.
	REMARKS:  READY FOR START-UP 
	  Date:               __________________________________ 
	  Installed by:    __________________________________ 
	  Checked by:    __________________________________ 
	 

	3.16 Installation and Performance Testing 
	.1 Refer to the requirements of Division 1 for additional requirements. 
	.2 Inspections 
	.1 Provide two (2) weeks' written notice to the Contract Administrator prior to energizing any system to allow for inspection by the Contract Administrator of the following: 
	.1 Proper mounting. 
	.2 Proper connections. 


	.3 During Performance Verification, demonstrate to the Contract Administrator proper calibration and correct operation of instruments and gauges. 
	.4 Performance Verification of the I&C system is to include but not be limited to the following: 
	.1 Verify installation of components, wiring connections, and piping connections. 
	.2 Supervise wiring continuity and pipe leak tests. 
	.3 Verify instrument calibration and provide written reports. 
	.4 Function check and adjust the I&C equipment under operational conditions. 
	.5 Coordinate manufacturer’s service personnel as required for complete system testing. 
	.6 Instruct City personnel in correct method of I&C equipment operation. 
	.7 Direct City personnel at hand-over as to final adjustment of the system for correct operation of WTP. 
	.8 Ensure that the Manufacturer’s representatives cooperate to complete the Work of this Section. 
	.9 Verify signal levels and wiring connections to all I&C equipment. 
	.10 Coordinate and cooperate with City staff and the Contract Administrator during the Commissioning Period to commission the interface between the WTP SCADA and the PLC based control system. 


	3.17 Training 
	.1 Provide training, in the proper operation and maintenance of all control devices, control valves, and ancillary instrumentation described under this Division of the Specifications. 
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	1. GENERAL 
	.1 Supply and installation all material, equipment, wiring and labour necessary for the installation of the systems detailed on the Drawings in accordance with the Specifications and the latest edition of the Canadian Electrical Code. 
	2. WORK INCLUDED 
	2.1 Related Work 
	.1 Supply and installation of instrumentation and control equipment required to operate the WTP including the plant control system PLC equipment and all vendor packages and City supplied equipment as indicated on the P&IDs and in these specifications. 

	2.2 General Requirements 
	.1 Shop Drawings 
	.2 Record Drawings 
	.3 O&M Data 

	2.3 Specific Requirements  
	.1 Supply, install, test, and verify the performance of all instrumentation, components, materials and ancillary equipment covered under Division 17 of this Contract. 
	.2 Clearwell Inlet Building 
	.1 Provide all analytical, process instrumentation, sample pumps etc including local control panels. as shown on P&ID number WT-P001. 
	.2 Provide all electrical, control and process connections to analytical and process instrumentation including sample lines and stilling tubes to clearwell. 
	.3 Provide part of the WTP wide fibre optic communication network for the PLC based plant control systems as shown on drawings WH-A0103 and WH-A0100.  
	.4 Provide interface wiring and connections between the HVAC BAS controller and LCP-T11. 

	.3 Clearwell Outlet Valve Chambers  
	.1 Provide all electrical and control wiring to the new electrical valve actuators shown on P&ID WO-P0002. Cables to be installed to Deacon Booster Pumping Station and terminated into a junction box provided by the contractor. 

	.4 Generator Building 
	.1 Provide all instrumentation and control wiring for all the fuel transfer systems as shown on P&ID WG-P0002. 
	.2 Provide part of the WTP wide fibre optic communication network for the PLC based plant control systems as shown on drawings WH-A0104 and WH-A0100.  
	.3 Provide conductivity type level switch and wiring in the building sump as shown on P&ID WG-P0001. 
	.4 Provide interface wiring to transformers and generators as shown on P&ID WG-P0001 
	.5 Provide interface wiring and connections between the HVAC BAS controllers and CP-H12 as shown on drawings WG-H0501, WG-H0502, WG-H0503 and WG-H0504 
	.6 Provide 2 emergency stop push buttons and the associated wiring to shutdown the fuel transfer system when operated. 
	.7 Provide interlock wiring between fire alarm system and fuel transfer system 

	.5 Cell 1 Raw Water Valve Chamber 
	.1 Provide a conductivity type level switch installed in the valve chamber to monitor the air gap between two butterfly valves. The switch will be mounted with the probes into a plastic container (provided by the contractor) measuring any water which enters the container from the air gap. The switch will operate if 25mm of water enters the container. 
	.2 The contractor will provide all pipework and valves required to connect the container to the existing valve drain connection. 

	.6 Provide all control system communications equipment as show on the Drawings listed in above and as described in Specification Section 17275 – Miscellaneous Panel Devices. 
	.7 Terminate all spare fibre optic cores to patch panels at each drop point and label accordingly. 
	.8 Provide local control panels to house all PLC components and ancillary equipment, and to act as a marshalling panel for signals from instrumentation and equipment covered under Division 17.  
	.9 Supply redundant 24 VDC Power supplies installed within the local control panels whenever 24 VDC power is required.   
	.10 Provide power-conditioning equipment within each local control panel. 
	.11 Connect the healthy/fault status dry relay contacts from all power conditioning and UPS equipment to local PLC inputs. 
	.12 Provide Ethernet connections from the following equipment to the WTP control system:  VFDs, transformer power meters, neutral grounding resistors, switchgear protection relays, and large motor protection relays. 
	.13 Hardwire I/O signals from the WTP control system PLCs to process instrumentation, HVAC/BMS system, Power Conditioning and UPS equipment and fire alarm panels. 
	.14 All WTP control system PLC programming and WTP monitoring system HMI software development shall be performed by others.    
	.15 Coordinate with the Supply Contractors of City Supplied Equipment under other contracts but installed under this Contract to install, test and verify performance of the systems shown on the P&ID’S. 

	2.4 Additional Requirements 
	.1 Provide all necessary testing, detailed wiring continuity checks, installation integrity checks, equipment functional operation checks, and written system verification reports to provide a complete system that is ready for commissioning.   
	.2 Provide Performance Verification and Commissioning of all systems included in the Scope of Work.  

	2.5 Materials 
	.1 Cables and bus support systems, which are intended to enclose or support all forms of electrical conductors used for any purpose covered by this scope.  This includes cable trays, raceways and all forms of rigid, flexible, metallic and non-metallic conduit, and including conduit for communication systems. 
	.2 Control panels associated with any electrical equipment covered under this Section of Work. 
	.3 Circuit breakers of all types and for all applications associated with electrical equipment, which receives its power supply from the main, auxiliary or emergency (including UPS) system. 
	.4 Grounding systems, as required by the Canadian Electrical Code, or as otherwise specified. 
	.5 Fibre optic patch panels and industrial Ethernet switches as shown on the Drawings and specified herein. 
	.6 Electronic data processing and transmission systems, including auxiliary equipment, interfaces and components. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 General 
	.1 Unless otherwise specified, provide outside finishes on all enclosures in ANSI 61 Grey as specified in Division 9. 
	.2 The enclosures must be suitable for carrying the weight of the equipment mounted inside the panel and on the doors without any warpage. 

	2.2 Enclosures 
	.1 Provide EEEMAC type 12 gasketed enclosures in MCC rooms and control rooms. 
	.2 All enclosures for mounting outside of MCC rooms and control rooms to be EEMAC Type 4, watertight except where otherwise specified. 
	.3 Provide EEMAC 7/3R enclosures for equipment in and around classified areas such as sumps. 
	.4 Enclosures for certain equipment in corrosive atmospheres to be EEMAC 4X approved for the classification (e.g. chemical cleaning). 
	.5 Enclosures for mounting field control indicator lamps and switches in unclassified areas to be Allen Bradley model 800T-xTZ die cast enclosures. 
	.6 Enclosures for mounting field control indicator lamps and switches in Class 1 areas to be Allen Bradley model 800H-xHHX7 cast aluminum enclosures. 

	2.3 Panel Enclosures 
	.1 Fabricate panel enclosures from 11 gauge steel panels complete with necessary stiffening to form a rigid free-standing lineup.  The structures must be suitable for carrying the weight of the equipment mounted inside the panel and on the doors.  Provide removable top and bottom cable entry plates. 
	.2 Provide panels with front access only.  Doors shall be key lockable and fitted with 3-point heavy duty latching assemblies.  Provide a continuous piano hinge and a pneumatic hold open device on each door. 
	.3 Finish the interior of the enclosure with white paint.  Provide a switched fluorescent light fixture and 120 VAC duplex convenience receptacle inside the enclosure. 

	2.4 Marshaling and Control Panels 
	.1 Supply, fabricate, checkout, layout, document and deliver to Site fully equipped and functional panels. 
	.2 Supply all components contained on or within the panels fully wired under this Section of the Specification. 
	.3 The selection of all accessories, materials, and methods for fabrication not covered by this Specification, but which are necessary to complete the fabrication of the control panels, is the responsibility of the Contractor. 
	.4 Fans and filters shall be installed to pressurize all control panels thus discouraging dust accumulation and providing air purging for temperature and corrosion control. 
	.5 Control panel layouts and wiring diagrams are to be provided by the Contractor as Shop Drawings. 

	2.5 Network Cabling Termination Cabinets 
	.1 Double hinged wall mounted cabinet for 19 inch rack mounted equipment. 
	.2 NEMA 12 cabinet with glass door and locking wing knobs. 
	.3 Cabinet to house fibre patch panel, Cat 5E patch panel and Ethernet switches. 
	.4 Provide 120 VAC duplex receptacle and power bar with minimum six outlets. 
	.5 Provide horizontal wire management under each patch panel and Ethernet switch. 
	.6 Provide vertical wire management on one side. 
	.7 Provide blank panels for all empty rack units. 
	.8 Provide shelf 3U for mounting equipment. 
	.9 Cabinet sized for 26 rack units. 
	.10 Hoffman ProTek DH Type 12, or approved equal. 

	2.6 Wiring and Accessories 
	.1 Provide wiring inside the panels according to the following Specifications: 
	.1 Control wiring to be a minimum of #16 AWG tinned stranded copper; insulation rated at 600 V. 
	.2 Wiring for power distribution shall be a minimum of #14 AWG tinned stranded copper; insulation rated at 600 V. 
	.3 Install cables in accordance with the requirements of Division 16. 

	.2 Tag each wire at both ends with a heat shrink sleeve that is machine printed.  Allow approximately 20 mm of wire insulation between the tag and the bare wire. 
	.3 Wiring systems with different voltage levels or types shall be suitably segregated within the panel, according to relevant electrical codes. 
	.4 Run all wiring in enclosed plastic wire ways such as Panduit.  Size all wire ways so that the total cross sectional area of the insulated wire and cable does not exceed 40% of the cross sectional area of the wire way. 
	.5 Provide a minimum clearance of 50 mm between wire ways and any point of wire termination. 
	.6 Terminate all wiring, incoming and outgoing, at terminal strips mounted inside the panels. Identify each terminal strip with a terminal strip number, defined as follows: 
	.1 Wire identification to use the connected field device tag name with the wire's corresponding end device terminal number appended to it. 
	.2 Identify every joint and/or terminal of the above wire run with the same identifier. 
	.3 For example, pressure transmitter PT-O100A located in the field has a 1 PR-TPSH cable connected to it.  The cable runs through a junction box to a marshalling panel. The wire identifiers for the pair of wires would be PT-O100A all the way to the marshalling panel. 
	.4 Identify spare wires by using the cable tag, terminal number and an “-SP” suffix.  
	.5 Arrange wiring on terminal blocks such that all internal panel wiring terminates on the inboard side of the terminal blocks and all external wiring terminates on the outboard side. 

	.7 Provide two (2) sources of 120 VAC power to each control panel:  UPS power for critical loads and non-UPS power for non-critical loads.  Provide separate critical and non-critical 120 VAC power distribution systems and a 24 VDC power distribution system in each panel.  Provide a thermal magnetic circuit breaker on each main power circuit and a fused terminal block for each branched circuit off the main.  
	.8 Provide disconnect type terminal blocks Weidmuller WTR 4 series to isolate field wiring that is powered sourced from the panel.  Provide a dedicated fused disconnect type terminal block to isolate each individual PLC input and output. 
	.9 Provide sufficient terminals so that not more than two (2) wires are connected under the same terminal.  Provide 20% spare terminal capacity at each terminal block assembly. 
	.10 Terminals shall be Weidmuller W Series color coded as follows: 
	.1 Red  = positive 24 VDC 
	.2 Black  =  analog signal plus 
	.3 White  =  analog signal common and VAC neutral 
	.4 Grey  =  120 VAC 
	.5 Green  =  ground 
	.6 Yellow  =  shield 

	.11 Provide nameplates for each device on or within the panels and enclosures.  Nameplates shall be white lamacoid with black lettering, a minimum of 25 x 75 mm in size with up to three lines of 5 mm lettering.  Securely fasten nameplates in and situate them in a visible location. 

	2.7 Panel Grounding 
	.1 Provide a ground system for the instrumentation circuits, isolated from the main power system ground to each marshalling panel. 
	.2 Provide grounding lugs for each panel, suitable for termination of up to #2 AWG copper grounding conductor. 
	.3 Provide in each marshalling panel an isolated grounding bus bar 6 x 25 x 600 mm, equipped with necessary lugs for accepting two #2 AWG grounding conductors. 
	.4 Firmly bond all panel mounted devices on or within the panels to ground.  Provide supplementary bonding conductors for back panels and doors.  Attach a separate bonding conductor to all devices that are not firmly fastened to the panels with screws for such devices as case mounted instruments, meters, etc. 


	3. EXECUTION 
	3.1 References - General 
	.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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	1. GENERAL 
	1.1 Product Data 
	.1 Submit product data in accordance with Division 1 and Division 16. 

	1.2 Related Work 
	.1 Refer to Division 16. 

	1.3 Inspection 
	.1 Provide adequate notice to the Contract Administrator so that all cable installations can be inspected prior to energizing equipment. 

	1.4 Standards 
	.1 All wire and cable shall be CSA approved. 

	2. PRODUCTS 
	2.1 TPSH 
	.1 TPSH shall be constructed as follows: 
	.1 Two (2) copper conductors, stranded, minimum #18 AWG, PVC insulated, twisted in nominal intervals of 50 mm. 
	.2 Insulated for 600 V, 90°C. 
	.3 100% coverage aluminum foil or tape shield. 
	.4 Separate bare stranded copper drain wire, minimum #18 AWG. 
	.5 Overall flame retardant PVC jacket to CSA-C22.2. 
	.6 The entire cable assembly to be suitable for pulling in conduit or laying in cable tray. 
	.7 Shaw Type 1751-CSA or Belden equivalent. 

	.2 Where multi-conductor TPSH cables are called for, each pair shall be individually shielded, continuous number coded, and the cable assembly shall have an overall shield and overall flame retardant PVC jacket. 

	2.2 RTDs and Multi Conductor Shielded Cable 
	.1 RTD cables shall be CSA approved and shall be constructed as follows: 
	.1 Three (3) or more copper conductors, stranded, minimum #18 AWG 
	.2 PVC insulated for 600 V 
	.3 100% coverage aluminum foil or tape shield 
	.4 Separate bare stranded copper drain wire 
	.5 Overall flame retardant PVC jacket to CAS-C22.2 


	2.3 Teck Cables 
	.1 As per Division 16 

	2.4 Wire 
	.1 As per Division 16 

	2.5 100 Base TX Category 5E Communication Cable 
	.1 Category 5E cable shall be CSA approved and constructed as follows: 
	.1 4 bonded pairs, solid stranded, #24 AWG 
	.2 Interlocked aluminum armour 
	.3 Rip cord 
	.4 PVC inner and outer jackets 
	.5 UL verified to Category 5E 
	.6 Insulated for 300 V 
	.7 Belden 121700A or approved equal 


	2.6 Fibre Optic Cables 
	.1 Provide break out style fibre optic cable assemblies where indicated in the Specification and Drawings. 
	.2 Fibre optic cables shall be indoor/outdoor direct burial rated loose tube, rodent protected and constructed with specified quantity of 50/125/250 µm multi-mode glass fibres, spiral interlocked armour, and outer polyethylene jacket.  Maximum attenuation shall be 3.5/1.0 dB/km.  Minimum modal bandwidth shall be 220 MHz*km 
	.3 Provide terminations for fibre optic cables including; buffer tube fan out kits, connectors, termination/distribution panels, and wall mount enclosures, as specified in Division 17 
	.4 Provide 50/125/250 µm multi-mode duplex fibre patch cords for inter-cabinet connections. 
	.5 Number of fibres are indicated on Drawings, in general fibre optic loop shall be 24 fibre, fibre optic cables to power meters and protection relays shall be 2 fibre. 

	2.7 Modbus Plus Cables 
	.1 Modbus Plus cable, aluminum armour suitable for direct burial, Belden YC39000. 
	.2 Provide modbus plus terminators, drop cables, connectors as required. 


	3. EXECUTION 
	3.1 Analog Signals 
	.1 Use TPSH cable for all low level analog signals such as 4 to 20 mA, pulse type circuits 24 VDC and under, and other signals of a similar nature. 
	.2 Use RTD cable for connections between RTDs and transmitters or PLC RTD inputs. 

	3.2 Digital Signals 
	.1 Use TPSH cable for all low level (24 V and below) input and output signals. 

	3.3 Instrument Power 
	.1 Use Teck cable or wire and conduit for power to instruments, for 120 V signals other than those mentioned above and as otherwise indicated on the Drawings.  Use stranded wire and cable to supply power to instruments. 

	3.4 Installation 
	.1 Install instrumentation cables in conduit systems or in cable trays.  Use a minimum of 300 mm and a maximum of 1000 mm length of liquid tight flexible conduit to connect the field sensors to the conduit. 
	.2 Where non-armoured instrumentation cables are installed in cable trays, provide barriers in the tray to separate instrumentation cables from power cables. 
	.3 At each end of the run leave sufficient cable length for termination. 
	.4 Do not make splices in any of the instrumentation cable runs.  
	.5 Cable shields shall be terminated on insulated terminals and carried through to the extent of the cable. 
	.6 Ground cable shields at one end only.  Unless otherwise specified, ground the shields at the marshalling panel. 
	.7 Protect all conductors against moisture during and after installation. 

	3.5 Fibre Installation: 
	.1 Always follow the Manufacturer's guidelines for minimum bend radius and tension.  Minimum bend radius shall be a minimum of 20 times the cable diameter. 
	.2 When installing loose-tube cables, use a silicone injection or sealer to prevent gel migration. 
	.3 All fibre installations and terminations shall be performed by personnel experienced in fibre optic cable installation. 
	.4 Fibre Terminations: 
	.1 Ensure that the fibres are not damaged when the buffer tubes and fibre coatings are removed.   
	.2 After the coating is removed, clean the fibre with isopropyl alcohol to assure the fibre is clean. 
	.3 Use only high performance connectors as classified and required by TIA-568-A. 

	.5 Perform cable testing with optical time domain reflectometer instrument and provide complete detailed test report.  Test all runs upon completion of permanent terminations, using instrumentation acceptable to Contract Administrator.  Before commencing testing, submit sample test data sheets and information with respect to test instrumentation to be used. 
	.1 Ensure that test instrument is temperature-stabilized or is temperature-independent or temperature-compensated before commencing test. 
	.2 Test for following: 
	.1 Run attenuation at [850] and [1300]  wavelengths. 
	.2 Run length. 

	.3 Before recording results, compare readings to predicted values based on cable specification and run length, using connector an patch cord losses as part of predicted value.  Retest runs with: 
	.1 Attenuation values grater than 6.0 dB/km @ 850 nm and 4.0 dB/km @ 1300 nm 


	.6 All fibres must pass the cable testing. 

	3.6 Cat 5E Installation: 
	.1 Always follow the Manufacturer's guidelines for minimum bend radius and tension.   
	.2 All installations and terminations shall be performed by personnel experienced in Cat 5E cable installation. 
	.3 Perform cable testing with time domain reflectometer instrument and provide complete detailed test report.  Test all runs upon completion of permanent terminations, using instrumentation acceptable to Contract Administrator.  Before commencing testing, submit sample test data sheets and information with respect to test instrumentation to be used. 
	.1 Test for the following: 
	.1 Continuity. 
	.2 Pair placement and polarity. 
	.3 DC resistance. 
	.4 Characteristics at highest contemplated frequency: 
	.1 Attenuation - data cable. 
	.2 Mutual Capacitance - data cable. 
	.3 Near-end crosstalk (NEXT) - data cable. 

	.5 Run length. 

	.2 Tests to be conducted to Cat 5E standards 
	.3 Reconnect or re-install and retest as necessary to correct excessive variations. 


	3.7 Conductor Terminations 
	.1 All equipment supplied shall be equipped with terminal blocks to accept conductor connections. 
	.2 Instrumentation conductors, where terminated at equipment terminals other than clamping type terminal blocks, shall be equipped with Burndy-YAE-2 or STA-KON, self-insulated, locking type terminators, sized as required to fit conductors and screw terminals. 

	3.8 Testing 
	.1 Test all conductors for opens, shorts, or grounds.  Resistance values shall not be less than those recommended by the cable Manufacturer. 

	3.9 Identification 
	.1 Identify all instrumentation cables. 
	.2 Identify each conductor with wire numbers using a machine printed Raychem TMS heat shrink wire marker or approved equal. 
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	1. GENERAL 
	1.1 References  - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Power Supply and Conditioning Equipment 
	.1 General 
	.1 Provide all DC power supplies as required for all instrument circuits.  All circuits are to be powered from the marshalling panels.  Power supplies to be Hammond, G.F.C. or approved equal, complete with an over-voltage protection module.  
	.2 Provide redundant configurations for power supply equipment serving more than one instrument loop, so that failure of a single unit will not disable all or any shared part of the instrumentation and communication system.  Provide diode isolation for redundant direct current supply units, and ground the negative terminal of the power supply. In accordance with Section 17110 – Enclosures, a dedicated thermal magnetic circuit breaker shall feed each power supply. 
	.3 Power supplies and transmitters feeding circuits that run in non-armored cable in cable tray shall meet the requirements for Class 2 circuits as defined under Section 16 of the Canadian Electrical Code Part I. 
	.4 Unless otherwise required, all DC power supplies to be rated 28 VDC, adjustable plus or minus 5%, and set to provide 26.4 V on the panel direct current bus.  Size the power supply for 2 times the connected load, minimum size is 2 amps. 


	2.2 Noise Suppression  
	.1 Provide power conditioners in each panel to power AC instrumentation and control loads. Power conditioners are Oneac Series CX. 

	2.3 UPS Power Supply 
	.1 Provide two sources of 120 VAC power each control panel:  UPS power for critical loads and non-UPS power for non-critical loads.   
	.2 Control and operator interface system hardware including but not limited to PLCs, PLC I/O racks, PLC communication modules, HMI computers and industrial network switches shall be powered from the UPS.   
	.3 Instrument power and associated DC power supplies shall be powered from the UPS. 
	.4 Non-critical loads include control panel interior lights and receptacles. 
	.5 Online double conversion UPS’ shall be provided in each electrical and server room as specified in Division 16.  Coordinate with Division 16 to ensure that the plant’s UPS’ are of sufficient size to power the critical loads that are fed from each control panel. 
	.6 Mount a lamacoid on the control panel stating that the panel has more than one power source. 


	3. EXECUTION 
	3.1 References  - General 
	.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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	1. GENERAL 
	1.1 References  - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Controls General Requirements. 

	2. PRODUCTS 
	2.1 Pneumatic and Process Connections 
	.1 Pipe, fittings, valves, tubing, tube fittings, etc. required under this Section of the Contract to be Swagelok or approved equal and rated for the service in which they are to be employed.  Tubing and fittings are to be made of stainless steel.  
	.2 Dimensions: 
	.1 Process connections 12 mm (nominal) O.D. tubing 
	.2 Output/signal - 10 mm (nominal) O.D. tubing 
	.3 Air supply 12 mm pipe (nominal) to isolation valves and 10 mm O.D. tubing (nominal) from isolation valves to end devices (e.g. valves). 

	.3 Provide a continuous support channel or raceway for all tubing. 

	2.2 Air Sets 
	.1 Provide all pneumatic actuator assemblies with an air set. 
	.2 Provide Fischer 67FR air sets unless specified otherwise in the Instrument Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 
	.3 Air set to be complete with filter regulator and output gauge. 

	2.3 Solenoid Valves 
	.1 Provide ASCO Redhat type solenoid valves unless specified otherwise in Division 11 or on the Instrument Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 
	.2 Solenoid enclosures to be minimum EEMAC 4; corrosive areas require EEMAC 4X and hazardous areas require EEMAC Type 9. Refer to Division 16 for area classifications. 
	.3 Provide manual overrides on coils when solenoid is used to actuate a valve. 
	.4 Standard coil voltage:  120 VAC. 
	.5 Pipe size:  3-way valve – 6 mm; 4-way valve – 10 mm. 
	.6 Maximum operating pressure:  850 kPa instrument air. 
	.7 Minimum operating pressure:  20 kPa instrument air. 


	3. EXECUTION 
	3.1 References  - General 
	.1 Refer to Section 17010 – Instrumentation and Controls General Requirements. 

	3.2 Tubing and Fitting Installation 
	.1 Group instruments logically together.  Orient instrument air and process connection isolation valves to provide consistent handle indication of normal open/closed status. 
	.2 Final location of skid mounted instruments to provide sufficient clearance for access to all maintenance settings, to provide unobstructed viewing of instrument indicators and to permit instrument calibration and maintenance during normal operation of the Site. 
	.3 Tubing installations shall slope down 20 mm per 2 m of run to process connections. 
	.4 Support tubing in channel or raceway if exposed or in close proximity to rotating equipment or high traffic areas.  Otherwise, do not exceed 1 m between tubing supports. 
	.5 All turns shall have a minimum bending radius of 50 mm. 
	.6 Avoid non-terminal connections in tubing runs. 
	.7 Use Teflon tape on all threaded fittings.  Do not apply tape on the first two threads. 
	.8 Tubing shall terminate at devices with fittings or 90° bends so as to allow removal of tubing without disturbing the device mounting. 
	.9 Complete the final 300 mm (nominal) of air tubing to instruments or control valves installed in process equipment with flexible reinforced neoprene hose. Support the tubing at the hose connection.  Locate the hose connection to facilitate unrestricted removal of the instrument or control valve and to minimize transmission of process equipment vibration into the tubing. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Process Taps 
	.1 Supply pressure gauge and thermowell taps.  Products shall be as specified in Division 15. 

	2.2 Primary Elements 
	.1 Supply and install primary elements and transmitters as specified on the Instrumentation Specification Sheets of Section 17701 – Instrumentation Specification Sheets. 
	.2 Supply written assurance that the instrument Manufacturer approves the selection for the primary element materials that are in contact with the specified process fluid and certifies that the materials are inert to the effects of the process fluid. 
	.3 Supply and install drip pots for sensing elements measuring gas.  Supply seamless, stainless steel drip pots consisting of a 50 x 300 mm pipe with an isolating valve and a drain valve.  Install a separate drip pot on each sensing line.  Locate the drain valve within 500 mm of the floor. 
	.4 Supply diaphragm seals for any fluid other than water or glycol. 
	.5 When diaphragm seals are specified with a pressure gauge or a pressure switch provide the assembly filled with ethylene glycol and calibrated by the Manufacturer. 
	.6 Supply and install an ethylene glycol filled assembly calibrated by the manufacturer when in line pressure sensors are specified with a pressure gauge or a pressure switch or in combination. 


	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Transmitters and Indicators 
	.1 Supply and install transmitters and indicators as specified on the Instrument Specification Sheets of Section 17701 – Instrument Specification Sheets. 
	.2 Transmitters shall have adequate power output to drive all devices associated with the signal loop.  Provide signal boosters as required to achieve adequate signal strength or to isolate the signal.  Provide current to current signal isolators for all secondary devices in the control loop.   
	.3 All transmitters to have local indication scaled in engineering units as specified in the Specifications.  Provide a lamicoid label indicating the calibrated range and engineering units and mount adjacent to the transmitter.  Mount the transmitter so the indicator is visible by operations personnel. 
	.4 Remote indicators provided by Crompton Instruments, Simpson, or Newport are acceptable for use. 
	.5 Where the loop specification calls for a transmitter and an indicator to be mounted in the same panel, an indicating transmitter may be considered acceptable, provided the indicator is normally visible from outside the enclosure. 
	.6 Where available as an option, the transmitter shall be supplied with an isolated fault contact.   
	.7 Standard of acceptance for instrumentation shall be as follows: 
	.1 Pressure Transmitters:  Rosemount Model 3051, ABB or Foxboro complete with stainless steel two (2) and three (3) valve manifolds as manufactured by Anderson Greenwood. 
	.2 Pressure Gauges:  Ashcroft, H.O. Trerice, Budenberg.  
	.3 Ultrasonic Level Transmitters:  Siemens Multiranger 100/200, Magnetrol, Endress & Hauser. 
	.4 Temperature Transmitters (RTD):  Rosemount, ABB, Foxboro. 
	.5 pH Sensors: Rosemount, Endress and Hauser, ABB, Foxboro 870 Series. 
	.6 Turbidity Sensors:  Hach, Rosemount, Endress and Hauser, GLI. 
	.7 Chlorine Residual Analyzers:  Wallace & Tiernan Micro/2000 
	.8 Chloramination/Monochloramine Analyzers:  Chemscan, 
	.9 Power Meters:  Power Measurement Limited (PML). 
	.10 Gas Detection Systems:  Draeger, MSA, Crowcon. 



	3. EXECUTION 
	3.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 General 
	.1 Use normally closed contacts for alarm actuation.  The contacts open to initiate the alarm. 
	.2 Use normally open contacts to control equipment.  The contacts close to start the equipment. 
	.3 Contacts monitored by solid state equipment to be hermetically sealed and adequately rated for the connected load. 
	.4 Contacts monitored by electro-magnetic devices such as mechanical relays to be rated NEMA ICS 2, designation B300. 
	.5 Provide double barriers between switch elements and process fluids such that failure of one (1) barrier will not permit process fluids into electrical enclosures. 
	.6 Switch electrical enclosures to be rated EEMAC 4X, minimum. 
	.7 120 VAC switches to have a 4A rating. 

	2.2 Indicators, Pushbuttons, and Selector Switches 
	.1 All control indicator lamps, pushbutton switches and selector switches in unclassified or non-corrosive areas to be Allen Bradley 800T or 800E series items or Cutler Hammer 10250T series. 
	.2 All control indicator lamps, pushbutton switches, and selector switches in classified or corrosive (includes outdoors) areas to be Allen Bradley 800H series items or Cutler Hammer E34 series. 
	.3 Enclosures to be specified under Section 17110 – Enclosures. 
	.4 All control indicator lamps shall be push-to-test type. 

	2.3 Relays 
	.1 The quality and type of relays shall be based on Omron relays.  Other acceptable manufacturers are Idec and Potter & Brumfield. 
	.2 120 VAC relays to be Model LY 4PDT, plug-in, complete with test button and operation indicator, and surge suppressor. 
	.3 24 VDC relays to be Model MY 2PDT plug-in, complete with test button and operation indicator, and surge suppressor diode. 
	.4 Time delay relays for behind panel mounting to be Omron Model H3BA, 2PDT, plug-in, and programmable for sixteen (16) time ranges and four (4) operation modes. 
	.5 Time delay relays for flush panel mounting and operator accessible timing range modifications to be Omron Model H5BR, SPDT, screw terminals, programmable for five (5) timing ranges and eight (8) operation modes, complete with digital display, module for time settings and flexible protective cover. 
	.6 Where the contact ratings of the relays listed are insufficient for the application, select an appropriate type from an approved Manufacturer with the same quantity of contacts as was originally specified. 
	.7 Provide relay plug-in sockets for DIN mounting complete with stacked screw clamp terminals. 

	2.4 Process Switches 
	.1 Standard of acceptance for instrumentation shall be as follows: 
	.1 Thermal Flow Switches:  Ifm, Weber. 
	.2 Pressure Switches (Electronic):  Ifm, United Electric. 
	.3 Pressure Switches (Conventional):  Ashcroft, United Electric, Barksdale.  
	.4 Conductivity Level Switches:  Endress & Hauser. 
	.5 Float Switches:  Flygt, Consolidated Electric, Warwick, Magnetrol. 
	.6 Temperature Switches:  Ifm. 



	3. EXECUTION 
	3.1 References – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	2. PRODUCTS 
	2.1 Miscellaneous Panel Devices 
	.1 Pilot Lights 
	.1 Supply and install LED or transformer type pilot lights for extended lamp life, oil tight, push to test, complete with appropriate colour lenses.  Normal colours used are run = red, stop = green. Refer to Division 16 for additional information. 

	.2 Terminals 
	.1 Supply and install strap screw type terminal blocks rated for 600 V.  
	.2 Identify each terminal block within an enclosure with a unique machine printed terminal block number.  Cabinet chassis grounding terminal blocks are to be identified by the electrical ground symbol. 
	.3 Connections to screw terminals to be locking fork tongue insulated crimp type wire connectors. 
	.4 Terminals to be Weidmuller or approved equal. 
	.5 Supply and install a group of terminals for each of 120 VAC non-UPS hot and neutral, 120 VAC UPS hot and neutral and 24 VDC positive and negative power.  Distribution wiring to have a thermal magnetic circuit breaker upstream of all major blocks of loads, adequately sized to protect the connected load while not causing nuisance tripping. 
	.6 Supply and install Weidmuller disconnect type terminal blocks for each load or loop powered from the marshalling panels. 

	.3 Nameplates 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements for nameplate Specification. 


	2.2 Signal Current Isolator 
	.1 Isolators shall be installed to provide galvanic isolation of milli-ampere transmission signals from transmitters with inadequately isolated output circuits. 
	.2 Isolator shall be housed in a NEMA 250, Type 4/7 conduit body and derive its operating power from the signal input circuit.  
	.3 Input and output signals shall be 4 to 20 mA, with an error not exceeding 0.1% of span. Input resistance will not exceed 550 ohms with an output load of 250 ohms.  
	.4 Approved manufacturers are Moore Industries, Weidmuller or Phoenix. 

	2.3 Intrinsic Safety Barriers and Relays 
	.1 Provide intrinsic safety barriers where required for two-wire transmitters of the active, isolating, loop powered type; MTL Type MT3042, Stahl 9005/01-252/100/00, Pepperl & Fuchs ZG series, or approved equal. 
	.2 Provide dual type intrinsic safety barriers for process switches; MTL 787, Panalarm 201 BR2. 
	.3 Intrinsic safety relays to be Gems or Warrick. 

	2.4 Industrial Ethernet Switches 
	.1 Install rack mounted Ethernet Switches in separate network cabling termination cabinet mounted next to all control panels housing PLCs that interface to the WTP control and operator interface network as shown on the drawings.  Connect to the PLCs, local HMIs, VFDs, power meters and motor protection relays as shown on the drawings using cable rated for 100 Base-TX, 10 BaseFL, or 100 BaseFX communication, as required by the device. 
	.2 Switches shall comply with IEEE 802.3, 802.3u, 802.3x, 802.1D, IEC 61950-3. 
	.3 Switched shall be connected in a ring topology utilizing a 1000SX Multimode backbone. 
	.4 Provide switches as required to connect to the equipment indicated in the Drawings and the following minimum spare ports: 
	.1 4 - 10/100 Base T(x) RJ45 ports 
	.2 2 - 10 BaseFL multimode ports 
	.3 2 - 100 BaseFX multimode ports 

	.5 Provide as a minimum two (2) switches in each cabinet for the PLC and HMI fibre networks.   
	.6 Switches shall include one (1) relay output alarm contact rated for 1A@24 VDC. 
	.7 Input power shall be 120 VAC. 
	.8 Switches shall be fast spanning for a sub-second recovery in a ring configuration. 
	.9 Switches shall be Ruggedcom RSG2100 or approved equal. 

	2.5 Fibre Termination Panel 
	.1 Fibre termination panel suitable for the termination of two (2) 24-strand multimode fibre optic cables.  Multiple 2-strand multimode fibre cables for connection to power meters and protection relays shall be terminated to same panel. 
	.2 Termination panel shall be rack mounted, hinged front and rear doors, complete with grounding kit and cable strain relief. 
	.3 Install in network cabling termination cabinet 
	.4 Leviton DP-525 or approved equal. 

	2.6 Cat 5E Termination Panel 
	.1 Rack mounted termination panel suitable for the termination of 24 Cat 5E cables. 
	.2 Install in network cabling termination cabinet. 


	3. EXECUTION 
	3.1 References - General 
	.1 Refer To Section 17010 – Instrumentation and Control General Requirements, Part 3. 
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	1. GENERAL 
	1.1 References - General 
	.1 Equipment, products, and execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Work Included 
	.1 Supply and installation of a PLC-based control system that will control and monitor the system in accordance with the requirements specified on the drawings and the I/O lists. 
	.2 PLC's and I/O shall be housed in central control panels. 
	.3 PLC programming is not in the scope of this Contract. 
	.4 Start-up and commissioning assistance as required for the control system. 

	2. PRODUCTS 
	2.1 PLCs 
	.1 General 
	.1 All new PLC equipment shall be based on the Modicon Unity Processor family. 
	.2 All PLC’s shall be Modicon Unity hot standby processors complete with standby processors. 
	.3 Communication protocol for the new PLC network shall be Modbus/TCP.  Ethernet communication modules shall be provided in each PLC rack to interface to the WTP control network. 
	.4 Supply and install all necessary racks, power supplies, cables, I/O cards, communication cards, and accessories. 
	.5 Supply spares of all PLC system components (minimum of ten (10) of each exact type with the exception of racks – supply two (2) of these) supplied including: power supplies, processors, communication modules, and input/output modules. 
	.6 Supply 10% spare slot capacity for each PLC panel assembly. 
	.7 Supply 25% spare power supply capacity for each PLC panel assembly. 
	.8 PLC racks shall be powered from the external UPS system.  Each new PLC panel assembly shall include Sola Hevi-Duty STV100K series incoming power transient surge suppression or approved equal.  Connect the surge suppressor dry contact to a PLC input and configure as an alarm on the control system at each panel. 

	.2 PLC 
	.1 Modicon Unity main processor and hot standby central processing unit (CPU):  Model Number 140 CPU 671 60. 
	.2 Modicon NOE (Modbus/TCP) modules for each processor rack. 
	.3 Redundant cable remote I/O modules in each I/O rack:  Model Numbers 140 CRP 932 00 and 140 CRA 932 00. 
	.4 I/O modules to meet the specifications specified in Subsection 2.1.1 and the I/O requirements of the P&IDs, instrument loop diagrams and I/O Lists. 

	.3 I/O 
	.1 120 VAC Digital Inputs:  Model Number 140 DAI 540 00. 
	.2 24 VDC Digital Inputs:  Model Number 140 DDI 353 00. 
	.3 Digital Outputs:  Model Number 140 DRA 840 00. 
	.4 Analog Inputs:  Model Number 140 ACI 030 00. 
	.5 Analog Outputs:  Model Number 140 ACO 020 00. 
	.6 Provide at least 20% spare I/O of each type in each panel assembly. 

	.4 Remote I/O Fiber Optic Repeaters 
	.1 Modicon 490 NRP 954. 
	.2 Repeaters shall be installed in network cabling termination cabinet as indicated on Drawings. 


	2.2 System Integration Requirements 
	.1 Cooperate with other Contractors, the City and the Contract Administrator to facilitate installation, testing, validation, and Commissioning of the control system. 
	.2 Supply, install, test, and verify performance of the PLC Control Panel as specified in this Section and as shown on the Drawings. 
	.3 Assist the Systems Integrator to establish communication with the PLCs.  Test data exchange with the PLC as specified in this Section and the process descriptions. 
	.4 Supply the spare PLC equipment to the Systems Integrator within six (6) months of award of Contract. 


	3. EXECUTION 
	3.1 References – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements, Part 3. 




	17501.doc
	1. GENERAL 
	1.1 References – General 
	.1 Equipment, products, and Execution must meet all requirements detailed in Section 17010 – Instrumentation and Control General Requirements. 

	1.2 General Requirements 
	.1 For the purpose of this project, the tag name convention used on the I/O lists included with the Specifications and shown on the P&IDs will be used.  Coordinate the implementation of tags for any instrumentation not listed with the Contract Administrator. 

	2. PRODUCTS  
	.1 Local Control and Operator Interfaces  
	.1 Provide all necessary local controls to allow local operation that compliments the operation of the WTP control system and facilitates satisfactory system control consistent with the intent of this Specification.  
	.2 Interface to the WTP Control System 
	.1 This Contractor is to support the design, installation, programming, and start-up of the WTP control system as follows: 
	.1 Supply all field instrumentation necessary to facilitate both local and remote monitoring and control of the system. 
	.2 Provide all hardware interfaces required to facilitate the interconnection of the contractor supplied PLC’s to the WTP control system. 
	.3 Supply and install all cables, jumper wires and termination panels as shown on the Drawings and as necessary to facilitate connection of local HMIs to the WTP monitoring system and to create a complete and comprehensive WTP control and monitoring system. 
	.4 Update all system documentation prior to Total Performance to reflect the final installation. 




	3. EXECUTION 
	3.1 Performance – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements, Part 3. 

	3.2 Installation 
	.1 Provide hardware in accordance with the foregoing requirements in sufficient quantity to satisfy the performance requirements specified in this and other Divisions of this Specification. 
	.2 Provide all necessary documentation to complete the configuration of the control system including I/O lists, alarm lists, critical process variables, instrumentation lists, loop wiring requirements for I/O and local control equipment details. 
	.3 Assist with Performance Verification and Commissioning. 
	.4 Provide all documentation and training as defined in the Specifications. 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Programmable Logic Controller Input/Output Index 
	.1 The following spreadsheet gives an itemized list of the I/O between the PLC and the field devices.  It is intended to serve as an aid for determining the cabling requirements for the Work specified in this Division. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Instrument Index 
	.1 The following spreadsheet gives an itemized list of the instrumentation included as part of this Work. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 The Work includes the provision of all instrument specification sheets. 
	.2 Refer to Section 17010 – Instrumentation and Control General Requirements for general instrumentation and control requirements related to instrument specification sheets. 

	1.2 Instrument Specification Sheets 
	.1 Provide data sheets to itemize detailed as-built information regarding the specification of instruments included as part of this Work for each instrument supplied.  The data sheets already included in this Section list specific minimum requirements for particular applications. 
	.2 Use forms in accordance with the ISA Standard S20 as a template for the preparation of the specification sheets. 

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References - General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Instrument Loop Drawings 
	.1 The following sixteen (16) Drawings show typical instrument loop wiring diagrams as referenced by this Specification Section.  One (1) Drawing per loop shall be completed by the Contractor and submitted for approval after award of Contract.  

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 
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	1. GENERAL 
	1.1 References – General 
	.1 Refer to Section 17010 – Instrumentation and Control General Requirements. 

	1.2 Instrument Standard Details 
	.1 The following ten (10) Drawings provide standard instrumentation installation details as referenced by this Specification Section:

	2. PRODUCTS (NOT USED) 
	3. EXECUTION (NOT USED) 






